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NATIONAL INSTITUTE FOR HEALTH AND CARE 
EXCELLENCE 


Medical technology guidance 


Assessment report overview 


MT 234 Sherlock 3CG Tip Confirmation 
System for placement of peripherally 


inserted central catheters 


This assessment report overview has been prepared by the Medical 


Technologies Evaluation Programme team to highlight the significant findings 


of the External Assessment Centre (EAC) report. It includes key features of 


the evidence base and the cost analysis, any additional analysis carried out, 


and additional information, uncertainties and key issues the Committee may 


wish to discuss. It should be read along with the sponsor’s submission of 


evidence and with the EAC report. The overview forms part of the information 


received by the Medical Technologies Advisory Committee when it develops 


its recommendations on the technology. 


Key issues for consideration by the Committee are described in section 6, 


following the summaries of the clinical and cost evidence. 


This overview also contains: 


 Appendix A: Sources of evidence 


 Appendix B: Comments from professional bodies 


 Appendix C: Comments from patient organisations 
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1 The technology 


The Sherlock 3CG Tip Confirmation System (C.R. Bard) is designed to 


confirm the correct tip placement of a peripherally inserted central catheter 


(PICC; that is, a catheter inserted through a large vein in or near the arm 


rather than the neck or chest). By using magnetic and electrocardiographic 


real-time tracking of the PICC tip, the device is intended to allow the person 


placing the PICC to immediately detect and correct any error in tip positioning. 


It removes the need for a chest X-ray usually used with the insertion of a 


PICC. 


The Sherlock 3CG Tip Confirmation System (TCS) is intended for use in any 


indication in adults where therapy means accessing a vein through a PICC. 


This technology should be used with caution in patients with altered cardiac 


rhythms, specifically those in whom an electrocardiography (ECG) P-wave is 


not easily detectable,  due to atrial fibrillation, atrial flutter, rapid tachycardia 


and paced rhythm. Although the Sherlock 3CG TCS can be used in these 


patients, a chest X-ray will still be needed to confirm PICC tip location. 


The Sherlock 3CG TCS comprises: a system console, including a control 


processor with display interface; a tip location sensor; a PowerPICC SOLO 


catheter with Sherlock 3CG Tip Positioning System (TPS) stylet; a remote 


control; and an optional miniature wireless printer to create a paper record of 


the ECG. 


Ultrasound is used to identify a suitable vein in the upper arm before the 


Sherlock 3CG TCS is used. The sensor is positioned on the patient’s sternum 


with 2 leads placed to pick up external ECG waveforms. The catheter is then 


inserted with the stylet, which has permanent, passive magnets in its tip. 


During insertion, when tip location mode is active, the magnets generate a 


field that is detected by the sensor. This enables clinicians to track the PICC 


on the display interface in real time, allowing them to see if the PICC is 


tracking into the internal jugular vein or contralateral vein, or if it is taking the 


correct path towards the cavoatrial junction. The display interface also shows 
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real-time ECG waveforms received from the patient’s skin (baseline) and from 


the tip of the catheter (intravascular). Intravascular ECG is acquired from a 


column of saline injected into the PICC prior to placement. The P-wave 


changes on the ECG as the PICC tip moves towards the right atrium and right 


ventricle. By observing the P-wave, a clinician can determine the PICC tip 


location as it travels through the superior vena cava to the right atrial junction. 


The Sherlock 3CG TCS is a fifth-generation device that was launched in the 


UK in April 2013. Previous versions available in the USA include the following: 


 The Sherlock l TLS (2006) was solely a tip positioning system, with no ECG 


component.  


 The Sherlock ll TLS (2006) included a Y-shaped metal field sensor for tip 


location, and was the first version to be compatible with the PowerPICC 


catheter. 


 The Sherlock 3CG TPS (2009) featured ECG confirmation using a single 


channel ECG device, but did not claim to eliminate the need for a chest X-


ray. The catheter along with the Sherlock 3CG TPS stylet received a class 


III CE mark in February 2012. 


 The Sapiens TCS (2009) also featured a single ECG channel, and claimed 


that it replaced the need for a chest X-ray. It does not use magnetic 


tracking. 


2 Proposed use of the technology 


2.1 Disease or condition 


The Sherlock 3CG TCS is indicated for use in any adult who needs a PICC as 


part of treatment for any disease or condition. Limiting (but not 


contraindicated) situations for the device are patients in whom alterations of 


cardiac rhythm change the presentation of the P-wave, for example atrial 


fibrillation, atrial flutter, severe tachycardia and pacemaker-driven rhythm. In 


such patients, who can usually be identified before PICC insertion, the use of 
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the Sherlock tip location sensor will track the catheter into the correct position 


but a chest X-ray is needed to confirm tip placement.  


The length of time a PICC is fixed in a patient (called the indwelling time) can 


range from a few days to over a year. On average, however, PICCs tend to be 


in situ for 1 week to 3 months, with the most frequent indwelling time being 


3 weeks.  


PICCs have a wide range of applications and are commonly used for both 


intravenous access for drugs and fluids (infusion of irritant drugs, such as in 


chemotherapy; total parenteral nutrition; or long-term administration of drugs 


such as antibiotics) and monitoring or interventions (such as central venous 


pressure, repeated blood sampling, or where there is poor peripheral access). 


2.2 Patient group 


PICCs are used in a variety of clinical scenarios and for this reason there is no 


single source for the average annual number of insertions. A 1994 review, 


quoted in NICE technology appraisal guidance on the use of ultrasound 


locating devices for placing central venous catheters, estimated that more 


than 200,000 central venous catheters (including PICCs) were inserted in the 


UK annually. This figure does not refer exclusively to PICCs and includes 


other types of central venous access devices. A report submitted by the 


sponsor shows that PICC sales in the UK for 2013 were approximately 74,490 


(iData, 2014). Hospital Episode Statistics for England (2012–13) recorded 


31,427 inpatient procedures. An unknown, but thought to be substantial, 


proportion of PICCS are placed in outpatient settings. Based on a brief 


literature search, the EAC concluded that the sponsor’s estimate of 


approximately 74,490 was reasonable in the context of the available data 


(appendix 2 of the assessment report, page 87). 


2.3 Current management 


There is substantial variation in PICC insertion between different sites in 


current NHS clinical practice. Catheters may be inserted by nurse-led or 


consultant-led vascular access teams. More generally, PICCs may be inserted 



http://www.nice.org.uk/guidance/ta49

http://www.nice.org.uk/guidance/ta49
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by clinicians including nurse specialists, intensive care consultants, 


anaesthetists, general physicians, radiologists and radiographers. Clinical 


settings include operating theatres, emergency rooms, oncology, orthopaedic 


and other wards, radiology departments, intensive care, high dependency 


units and outpatient clinics. A sterile environment is needed, but can be 


achieved using a maximum barrier sterile field at the bedside. 


Ultrasound is used to identify a suitable vein in the upper arm. The PICC is 


then inserted using a modified Seldinger technique, which involves inserting a 


small gauge needle into the vein followed by a wire. A sheath and dilator are 


used for the catheter to gain access to the vein before the wire is removed. 


The PICC is advanced to a suitable point using a measurement of the 


distance between the insertion site and a suitable anatomical landmark (for 


example, the third right intercostal space below the right clavicular head). The 


position of the PICC is confirmed by chest X-ray. Fluoroscopy may also be 


used to position the PICC, especially where this is difficult, such as in patients 


with narrow vessels. 


2.3.1 Correct PICC placement 


Different guidelines recommend different catheter tip positions. The European 


Society for Clinical Nutrition and Metabolism guidelines on parenteral nutrition 


state that the best position is in the lower third of the superior vena cava, at 


the cavoatrial junction, or in the upper portion of the right atrium within 2 cm of 


the cavoatrial junction (Pittiruti et al., 2009). US guidelines (Funaki, 2002) use 


more specific criteria, specifying the low superior vena cava or cavoatrial 


junction.  


The British Committee for Standards in Haematology and current NHS local 


practice guidelines and policies recommend a chest X-ray to confirm the 


location of the PICC before it can be used. Once the chest X-ray has been 


taken, the guidelines state that no PICC should be used unless the X-ray has 


been checked and it has been documented that the line is in the correct 


position. 
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2.4 Proposed management with new technology 


The new pathway of care would involve using the Sherlock 3CG TCS to 


confirm tip location at the bedside in all cases for which the technology is 


indicated. This would allow intravenous therapy to begin immediately after 


PICC insertion. In cases where a PICC is needed for venous access therapy, 


the Sherlock 3CG TCS could replace X-ray confirmation in most cases. A 


minority of patients would still require a confirmatory chest X-ray due to a 


number of medical factors that limit the use of the Sherlock 3CG TCS for tip 


location. Bedside placement could be used in an inpatient, outpatient or 


community-based setting. If the need for an X-ray were removed, PICCs could 


potentially be used in community settings. PICCS could also be used in 


patients for whom a confirmatory X-ray is contraindicated, such as pregnant 


women. PICC placement could ultimately be moved from radiology suites to 


less costly outpatient departments.  


2.5 Equality issues 


No equality issues were identified. 


3 Sponsor's claimed benefits 


The benefits to patients claimed by the sponsor are as follows:  


 Better accuracy of PICC placement (reducing the need for repositioning 


after surgery). 


 It removes the need for a chest X-ray or fluoroscopy to confirm tip location 


after PICC insertion. 


 Intraprocedural verification of the PICC tip position allows the PICC to be 


used immediately after insertion. This reduces treatment delays, which may 


be up to 48 hours after PICC insertion.  


 It is a safe method for PICC tip placement with no associated adverse 


events or complications. 


 PICC placement and tip confirmation happen during the same clinical 


procedure. 
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 It increases the patient's confidence in whoever is placing the PICC, 


because the rate of malpositioning and repositioning is reduced. 


The benefits to the health system claimed by the sponsor are as follows:  


 A reduced and more efficient care pathway because no confirmation X-ray 


is needed. 


 Lower staff requirements (radiologists/radiology nurses/radiographers/ 


radiology healthcare support workers) because the need for an X-ray to 


confirm PICC placement is reduced or eliminated. All staff who are freed by 


the use of the Sherlock 3CG can be redirected to other areas of need. 


 Potential reduction of bed occupancy due to reductions in treatment delays 


post-PICC insertion and delays caused by repositioning. This may lead to 


earlier discharge of hospital patients having intravenous therapy, enabling 


management in the community. 


 Reduced costs of consequences of incorrect PICC placement.  


 Reduced costs of using resource-intensive departments such as radiology. 
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4 Decision problem 


Table 1 Summary of the decision problem 


Population  Adult patients undergoing PICC insertion 


Intervention Sherlock 3CG Tip Confirmation System 


Comparators  PICC insertion followed by chest X-ray to confirm tip 
placement  


 Fluoroscopy to guide PICC insertion and confirm tip 
placement 


Outcomes  Outcome measures to be considered include: 


 accuracy of catheter tip placement 


 incidence of catheter malposition 


 need for catheter repositioning 


 effect of malposition-related complications such as infection 
or thrombosis 


 treatment delay following catheter placement  


 reduced staff time 


 shorter hospital stay 


 need for confirmatory chest X-ray 


 need for fluoroscopy to correctly place the PICC tip 


 time taken to insert PICC 


 PICC failure/re-insertion rates 


 patient experience measures 


 quality of life 


 device-related adverse events. 


Cost analysis The cost analysis will include both the standard method of PICC 
placement and the fluoroscopic method as comparators. The use 
in different care settings (for example secondary or tertiary care) 
should be considered. This includes considering the difference 
between inpatient and outpatient costs. 


Costs will be considered from an NHS and personal social 
services perspective. 


The time horizon for the cost analysis will be sufficient to reflect 
any differences in costs and consequences between the 
technologies being compared. 


Sensitivity analyses will be done to address uncertainties in the 
model parameters, which will include scenarios where the use of 
the Sherlock device removes the need for post-insertion 
confirmatory chest X-ray. 


Special 
considerations, 
including 
issues related 
to equality  


Although many patients needing a PICC would be considered 
disabled under the Equality Act 2010, there are no equality issues 
directly related to the use of the Sherlock 3CG TCS. 
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The sponsor’s submission did not contain any stated deviation from the 


scope. 


5 The evidence 


5.1 Summary of evidence of clinical benefit 


The sponsor identified 13 studies from its literature search. It excluded 9 of 


these and presented 4 published abstracts as supporting clinical evidence. It 


also identified a study which was about to be published but was not yet 


available (Johnston et al. 2014).The External Assessment Centre (EAC) 


agreed with the study selection and included the study by Johnston et al. As a 


result of the lack of evidence – in terms of both quantity and quality – the EAC 


did a literature search with a wider scope to include any previous model of the 


device which included both magnetic tracking and ECG tip confirmation 


components. One additional presentation of low quality was identified 


(Symmington et al, 2013). This had also been identified by the sponsor, but 


excluded as it did not related specifically to the Sherlock 3CG TCS. Full 


details of the methodologies and outcomes of clinical studies are outlined in 


pages 23–39 of the assessment report. A summary of all the studies 


considered is in table 1. 


The sponsor also submitted responses to questionnaires from 6 of the 


14 NHS hospitals currently using the Sherlock 3CG TCS (page 32 of the 


assessment report).  
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Table 1. Studies related to clinical benefit identified by the sponsor and the EAC 


Study 


 


Study design 


(country) 


Population Intervention versus  


comparator 


Outcomes considered EAC comments on study 


Full, peer-reviewed articles 


Johnston, 
2014 


Consecutive, 
retrospective 
case series 
(UK) 


ICU patients 
needing PICC 
insertion, 
excluding those 
not in sinus 
rhythm [n=239] 


Intervention was the 
Sherlock 3CG TCS. No 
comparator.  


Malposition rates of PICCs 
placed in patients in ICU 
using the Sherlock 3CG 
TCS. 


Aims, methods, patient 
population, results and 
exclusion criteria are fully 
reported. Chest X-rays were 
reviewed by at least 2 of 3 
authors.  


The EAC undertook an analysis 
using patient data from the 
same patient population in the 
same hospital treated with blind 
bedside insertion (Johnston et 
al. 2013). 


Other evidence: abstracts, posters and presentations 


Adams, 
2013 


Case series 
(USA) 
[poster] 


People needing 
PICC insertion, 
excluding those 
with no 
identifiable P-
wave [n=333] 


Intervention was the 
Sherlock 3CG TCS. No 
comparator. Previously, 
the Sherlock TPS was 
used to aid tip positioning, 
which was then verified 
with confirmatory chest X-
ray. 


Tip location accuracy, time 
until PICC available for 
infusion, cost of insertion. 


Full critical appraisal was not 
possible. The publication was 
not peer-reviewed. It was 
reported that accurate tip 
position needed to be 
separately verified by 
2 radiologists. 


Barton, 
2014 


Case series 
(UK) 
[abstract] 


Adult patients 
with no AF 
needing a PICC 
insertion 
[n=225] 


Intervention was Sherlock 
3CG TCS. No comparator. 
Previously, tip position 
was confirmed with X-ray. 


Accuracy of tip placement Only minimal information was 


available. The publication was 


not peer-reviewed. Full critical 


appraisal was not possible. 
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Study 


 


Study design 


(country) 


Population Intervention versus  


comparator 


Outcomes considered EAC comments on study 


Chest X-rays were reviewed by 


an independent physician. The 


author was contacted and 


provided additional information 


on the patient population and 


acceptable tip position.  


Parikh, 
2012 


Prospective 
case series 
(USA) 
[poster] 


People needing 
a PICC 
insertion, 
excluding those 
with AF, atrial 
flutter, no 
discernible P-
wave and those 
at increased risk 
of bleeding 
[n=209 in 
original study, 
n=437 in follow-
up] 


Intervention was the 
Sherlock 3CG TCS. No 
comparator. Previously, 
the Sherlock ll TLS was 
used aid tip positioning, 
which was then verified 
with confirmatory chest X-
ray. 


Accuracy of tip placement. A detailed poster containing 


sufficient information for some 


critical analysis. Clearly defined 


patient population and 


statement of acceptable tip 


placement, which was 


separately assessed by 


2 independent observers. 


Clearly stated patient exclusion 


criteria. The publication was not 


peer-reviewed. 


Stewart, 
2013 


Case series 
(Australia) 
[poster] 


Not reported [n= 
>65] 


Intervention was the 
Sherlock 3CG TCS. No 
comparator. Previously, tip 
position was confirmed 
with X-ray. 


Accuracy and proficiency of 
ECG technology for PICC 
insertion with respect to cost 
savings, time saved, and 
minimised radiation. 


Only minimal information was 
available. The publication was 
not peer-reviewed. Full critical 
appraisal was not possible. 
Information should be treated 
very cautiously; even the 
number of patients recruited 
was not accurately reported. 
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Study 


 


Study design 


(country) 


Population Intervention versus  


comparator 


Outcomes considered EAC comments on study 


Symington, 
2011 


Prospective 
case series 
(USA) 
[presentation] 


Patients 
needing a PICC 
insertion [n=63] 


Intervention is the Sapiens 
TCS in conjunction with 
the Sherlock II TLS. 
Previously, the Sherlock II 
TLS was used to aid tip 
positioning, which was 
then verified using 
confirmatory X-ray. 


Success and accuracy of 
PICC placement [not clearly 
reported] 


Only minimal information was 
available. The presentation was 
not peer-reviewed. Full critical 
appraisal was not possible. 


Abbreviations used: AF, atrial fibrillation; EAC, external assessment centre; ICU, intensive care unit; PICC, peripherally inserted central 
catheter; TLS, tip location system; TPS, tip positioning system. 
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5.1.1 Peer-reviewed literature 


Johnston et al. (2014) was published after the sponsor’s literature searches 


were carried out and therefore not included in its submission. Following the 


introduction of the Sherlock 3CG TCS to a UK NHS centre, a retrospective 


review was undertaken of the first 250 patients to have PICCs using the 


Sherlock 3CG TCS. The population included patients in the intensive care unit 


(ICU), where the highest rates of malposition are usually reported. The 


vascular access team placed PICCs at the bedside, and used a portable chest 


X-ray to confirm the tip location. Two independent reviewers examined the X-


rays. From the first 250 patients, 11 were excluded. The reasons for exclusion 


were: failed insertion (n=2); no chest X-ray (n=2); unable to determine tip 


position on X-ray (n=2); unable to interpret ECG criteria (n=4), and catheter 


being too short (1 case). 


Tip location was reported in Johnston (2014) for the 239 PICC placements 


where ECG was used for tip confirmation. Although there was no direct 


comparator for the intervention in this study, the same authors published a 


retrospective service evaluation a year before the Sherlock 3CG TCS was 


introduced, reviewing records for both ICU and non-ICU patients (Johnston 


2013). The EAC used this as a form of comparator to assess the impact of the 


Sherlock 3CG TCS on malposition rates. Details of Johnston (2013) are 


outlined in page 25 of the assessment report. Table 2 shows the number of 


PICCs placed in each position before and after the introduction of the 


Sherlock 3CG TCS, based on the 2 Johnston studies. 
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Table 2. Tip positioning rates, as defined by chest X-ray before and after introduction of the Sherlock 3CG TCS [Johnston, 
2013, 2014] 


Tip position Appropriate 
placement 
[European 
definition] 


Appropriate 
placement 
[USA 
definition] 


Using the Sherlock 
3CG TCS [Johnston 
2014] 


Blind bedside insertion [Johnston 2013] 


  ICU ICU Non-ICU 


   n=239 % n=246 % n=233 % 


Malpositionsa above the 
superior vena cava  


X X 1 c 0.0% c 51 c 20.7 c 33 c 14.2 c 


High superior vena cava X X 7 2.9% 27 11 26 11.2 


Mid superior vena cava  X 22 9.2% 42 17.1 25 10.7 


Low superior vena cava   58 24.3% 36 14.6 70 30 


Cavoatrial junction   47 19.7% 23 9.3 23 9.9 


Right atrium (upper 
2 cm) 


 X 63 26.4% 20 8.1 18 7.7 


Right atrium (lower than 
2 cm) 


X X 39 16.3% 35c 14.2 c 28 c 12.0 c 


Malpositionsb below the 
right atrium 


X X 1 c 0.0% c 5 c 2.0 c 5 c 2.1 c 


Others X X 1 0.4% 7 2.8 5 2.1 
a Malpositions include ipsilateral and contralateral positioning in the axillary vein, internal jugular vein, subclavian vein and 
brachiocephalic vein. 
b Malpositions include the right ventricle and inferior vena cava. 


c Calculated by EAC from papers due to different presentations of figures between the 2 papers. 


 







 


 


Page 15 of 39 Assessment report overview: MT 234 The Sherlock 3CG Tip 
Confirmation System for placement of peripherally inserted central catheters
 October 2014 


 


The Johnston papers both reported results using 2 different definitions of 


malposition. The definition of appropriate placement typically used in USA 


guidelines is the low superior vena cava or cavoatrial junction. European 


guidelines use a broader definition, stating that appropriate placement is in the 


mid or lower superior vena cava, cavoatrial junction, or high right atrium 


(Pittiruti 2009). Table 3 summarises malposition rates before and after the 


introduction of the Sherlock 3CG TCS. 


 


Table 3. Comparison of malposition rates (Johnston 2013, 2014) 


Definition of 
adequate tip 
position 


Malposition rates 


The Sherlock 3CG TCS Blind bedside insertion 


ICU Non-ICU 


n=239 % ( 95% CI) n=246 % n=233 % 


Low superior vena 
cava/cavoatrial 
junction 


134 56.1% (50-62%) 187 76.0% 140 60.1% 


Mid and low 
superior vena 
cava/cavoatrial 
junction/high right 
atrium (upper 
2 cm) 


49 20.5% (16-26%) 125 50.8% 97 41.6% 


 


The malposition rate using the Sherlock 3CG TCS was significantly lower than 


blind anthropometric placement for both criteria (p<0.0001). However, it was 


also substantially higher than that reported in other studies. The authors 


suggest several reasons for this. They noted that it may be difficult to 


determine the exact point of a maximum or biphasic P-wave for patients in 


intensive care, who may be likely to have ECG artefacts due to comorbidities. 


They also noted the possibility that the catheter tip may move due to arm 


movement, as the PICC is placed with the arm abducted (that is, drawn away 


from the body), and the chest X-ray taken with the arm adducted (that is, 


drawn towards the body).  
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The authors conclude that if the European guideline definition of an adequate 


tip position is considered to be acceptable, the Sherlock 3CG TCS can be 


used for tip confirmation without chest X-ray. If a more precise tip position of 


low superior vena cava/cavoatrial junction is used, such as that defined in the 


USA guidelines, a chest X-ray may be necessary. 


5.1.2 Other evidence 


Adams et al. (2013) presented a poster at the Association of Vascular Access 


Annual Meeting 2013, reporting on the introduction of the Sherlock 3CG TCS 


to a health care centre in the US. Over a 9-month period, 333 patients had 


PICC insertion using the Sherlock 3CG TCS, which was subsequently verified 


using chest X-ray and confirmed by 2 radiologists. Accurate placement was 


defined as the distal superior vena cava or cavoatrial junction. The Sherlock 


3CG TCS was used to confirm tip position in 83.5% of patients (278/333). In 


the remaining 16.5% (55/333), the ECG system could not be used mainly 


because of an abnormal P-wave (12.9%), but also because of technical 


factors (3.6%; loose connections, poor electrode placement and so on). When 


the Sherlock 3CG TCS was used to confirm tip position, 1 radiologist reported 


that 96.4% (268/278) of PICCs were placed accurately, and that 3.6% 


(10/278) were malpositioned; the other radiologist reported that 98.2% 


(273/278) were placed accurately and 1.8% (5/278) were malpositioned.  


For the sake of comparison, in 2011, the malposition rate using the 


predecessor device the Sherlock Tip Location System (magnetic tracking 


only) alongside confirmatory chest X-ray was 14%.  


Adams et al. also reported that the PICC was ready for infusion 61 minutes 


earlier using the Sherlock 3CG TCS than using a chest X-ray and a radiologist 


report for tip position confirmation. No information was reported on how this 


was measured, but the researchers confirmed that chest X-rays are no longer 


mandatory for PICCs placed using the Sherlock 3CG TCS at this centre. 


The abstract by Barton (2014), from the World Congress of Vascular Access 


2014, describes the introduction of the Sherlock 3CG TCS to a nurse-led 
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PICC service at Frimley Park Hospital. In an initial trial, clinicians used the 


Sherlock 3CG TCS for PICC placement in 65 adults with no atrial fibrillation. 


They then used chest X-rays, reviewed by an independent physician, to 


confirm tip location. Following the initial trial, an application to amend local 


protocol and remove the need for a mandatory chest X-ray following PICC 


placement was made. During the application process, clinicians placed 


another 160 PICCs using the Sherlock 3CG TCS, with position confirmed 


using a chest X-ray. In total, data were reported on 225 patients. The 


definition of acceptable tip position was the lower third of the superior vena 


cava or the cavoatrial junction. In correspondence with the EAC, the author 


stated that positioning in the right atrium would have been clinically 


unproblematic, and may not be clearly distinguished using chest X-ray.  


Chest X-rays confirmed that tip position was acceptable in 100% of cases 


reported. Only success rates of tip positioning in patients for whom magnetic 


tip position and ECG tip confirmation could be used were reported. Cases 


where the Sherlock 3CG TCS was not suitable or where there was a failure of 


the ECG system were not accounted for. The author reported to the EAC that 


throughout the trial period, 2 patients were not suitable for Sherlock 3CG TCS 


and had PICCs placed with fluoroscopy. Since the introduction of the Sherlock 


3CG TCS to Frimley Park Hospital, 11 patients have needed chest X-rays due 


to the failure of the ECG system to provide tip confirmation. Five of these 


cases were because of atrial fibrillation, and 6 because of a failure of the 


electrode connections. Frimley Park Hospital has since removed the need for 


chest X-ray. 


Parikh (2012) is a poster presented to the Radiological Society of North 


America Meeting 2012. It reports a prospective case series from October 


2011 to April 2012 of 247 PICCs placed in 221 patients (mean age=62, range 


15–100). The Sherlock 3CG TCS was used for tip placement and 


confirmation, except in patients with atrial fibrillation, atrial flutter or no 


discernible P-wave (15.4%, 38/247). Tip position was confirmed by chest X-
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ray and evaluated by 2 independent observers. Successful tip placement was 


defined as the superior vena cava or cavoatrial junction. 


The study was divided into 2 phases. Phase 1 involved voluntary training 


(completed by 4 of 7 nurses), which consisted of a PICC refresher course, an 


online course, a 1-hour taught course and 1-to-1 training with a nurse trainer 


provided by the sponsor. The nurses then placed 62 PICCs using the 


Sherlock 3CG TCS. As per the exclusion criteria, 3 patients were excluded. 


Successful tip placement was 83% (n=62) for those using the Sherlock 3CG 


TCS.  


To take part in phase 2 of the study, all nurses underwent all aspects of the 


phase 1 training and inserted 5 PICCs while being observed by a nurse 


trainer. All staff completed Phase 2 training. Staff placed 147 PICCs using the 


Sherlock 3CG TCS, excluding 35 patients as per the criteria. Successful tip 


placement was 96% (n=147) for those using the Sherlock 3CG TCS.  


From November 2012 to May 2013, staff placed a further 567 PICCs, 437 


using the Sherlock 3CG TCS. Of these, 24.9% (109/437) still needed a chest 


X-ray for confirmation. It is unknown if the PICCs which did not use Sherlock 


3CG TCS then needed a chest X-ray to confirm, although this is probable. 


An abstract and poster by Stewart (2013) presented at the Association of 


Vascular Access Annual Meeting 2013 describe a study in which more than 


65 patients were recruited between November 2012 and March 2013. The 


exact number of patients and methodology were not reported. Clinicians 


placed PICCs using the Sherlock 3CG TCS and confirmed the tip position 


using a chest X-ray. No information was given on what tip positions were 


considered to be acceptable or who reported on the chest X-ray. The abstract 


reported that 100% of malpositions were corrected at time of placement. 96% 


of PICC placements using the Sherlock 3CG TCS were within the cavoatrial 


junction. The other 4% were reported in the right atrium. Discrepancies were 


noted between locations reported by ECG and X-ray, which were resolved 


with clinical experience and collaboration. A time saving of 1 hour and 
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51 minutes was reported, being the average wait time between PICC insertion 


and X-ray results.  


Symington et al. (2011) was a presentation on a US centre using the Sapiens 


TCS in conjunction with the Sherlock TLS II (the predecessor device, which 


has the same system components as the Sherlock 3CG TCS). The author 


reported on a consecutive case series which took place in April 2011 (n=63). 


No information was given on patient population. Tip placement was verified 


with a chest X-ray, reviewed by the author. The sponsor provided training. 


The author reported a 5% technical failure rate, for example because of 


difficulties with cannulation of the vein, advancement of the catheter, and 


occluded veins. It was reported that technical failures were ‘thrown out’, 


although this is not explained in greater detail. The author reported that 62 of 


63 tip placements were appropriately positioned, although no specific criteria 


of appropriate placement are reported. The author reported that, as of July 


2011, there had been 604 PICC placements using the Sapiens TCS in 


conjunction with the Sherlock TLS II in the US centre in question. The author 


reported that he was to formally request that the medical executive committee 


at his hospital remove the requirement for mandatory chest X-ray from 


procedural guidelines. The author was a paid presenter for Bard Access 


Systems, which was clearly stated. 


The sponsor collected data from 7 UK NHS centres currently using the 


Sherlock 3CG TCS. The initial clinical submission did not include these data, 


but they were provided to the EAC subsequently. The data received are 


summarised on page 32 of the assessment report. The EAC judged that the 


structuring of the questions and format of the answers made any meaningful 


synthesis impossible. The EAC noted the variation in reported clinical practice 


for issues such as hospital policy for confirmation, typical levels of 


malposition, dealing with malpositions and PICC replacements. In general, all 


respondents reported fewer malpositions using the Sherlock 3CG TCS than 


prior to its introduction. The EAC noted that there was a risk of bias because 


not all centres using the Sherlock 3CG TCS were asked to provide data to the 
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sponsor. To explore this, the EAC contacted 7 of the other 8 centres currently 


using the device, and 1 centre that had not responded to the sponsor’s initial 


questionnaire. Data from the 6 centres which responded to the EAC are 


reported on page 37 of the assessment report.  


Overall, the sponsor reported that the Sherlock 3CG TCS is currently in use at 


14 NHS sites in England and 2 in Northern Ireland. Nine of the English sites 


have discontinued routine chest X-ray confirmation following PICC placement. 


The EAC was able to confirm this position for 6 of the 9 centres.  


5.1.3 Adverse events 


Neither the sponsor nor the EAC found any adverse events reported in any 


studies, or in a search of the Medicines and Healthcare Products Regulatory 


Agency’s website. The sponsor retrieved 51 records from the Food and Drug 


Administration’s MAUDE database, commenting that they were not 


necessarily device-related adverse events. The EAC retrieved 100 records 


from the same database, using a wider search strategy. No searches were 


carried out for PICC insertion using other technologies so the adverse event 


rates for comparators (blind PICC insertion with chest X-ray, or fluoroscopy) 


were not reported. The EAC could not rule out the possibility that the adverse 


events reported were common to all PICC insertions. Adverse events 


submitted to MAUDE are not verified. 


Recorded events include: broken or damaged wire tip or stylet (n=29); 


adverse patient reactions (such as shortness of breath; n=23); catheter 


malfunction (such as leaks or splits; n=18) and tip malposition (n=14). The 


EAC judged that there was insufficient information to draw any conclusions. 


5.1.4 Advice from experts and patient organisations 


Expert adviser questionnaires were completed by 8 experts at the selection 


and routing stage and presented to the Medical Technologies Advisory 


Committee in April 2014. One additional questionnaire was received too late 


for presentation but the answers have been incorporated into the collated 


expert adviser table. All 9 questionnaires are summarised in appendix B. 
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5.2 Summary of economic evidence  


The sponsor’s search for economic evidence identified 13 texts for full 


evaluation but 11 were excluded, with reasons given. The sponsor presented 


2 health economics studies in its submission (Adams 2013; Stewart 2013). 


Both studies were cost-comparison studies from outside the UK healthcare 


system (USA and Australia respectively). The sponsor noted that the studies 


were low quality and of limited relevance to the decision problem. The EAC 


did not identify any additional relevant studies and agreed with the sponsor’s 


assessment of the limited value of those that were identified (assessment 


report page 49). 


5.2.1 De novo analysis 


The sponsor’s cost analysis was designed to estimate the cost consequences 


of using the Sherlock 3CG TCS in the NHS.  


The patient group used in the model was defined as adults having PICC 


insertion. It was specified that none had medical conditions contraindicated for 


the Sherlock 3CG TCS. The intervention was defined as bedside placement of 


a PICC using the Sherlock 3CG TCS, both with and without confirmatory X-


ray. The comparators used in the cost analysis were consistent with those 


specified in the scope: blind bedside placement with confirmatory X-ray and 


fluoroscopy to guide PICC insertion and confirm tip placement. The model 


was cost-based, and did not incorporate any health states.  


The model used a decision-tree structure, reflecting all potential clinical 


pathways of patients having PICC insertion. PICC line insertion and tip 


placement may be achieved through: 


 bedside placement with the Sherlock 3CG TCS with confirmation X-ray 


 bedside placement with the Sherlock 3CG TCS without confirmation X-ray 


 blind bedside placement with confirmation X-ray 


 fluoroscopy to guide PICC insertion and confirm tip placement. 
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PICC lines inserted at the bedside may have tips placed accurately or 


inaccurately. An inaccurately placed PICC may have been readjusted at the 


bedside following X-ray or may have been replaced, either using the original 


insertion method or under fluoroscopy (although the sponsor’s base case 


assumed that all PICC tip replacements were done under fluoroscopy; Barton 


2013; Walker et al. 2013). Clinical advice given to the sponsor suggested that 


patients who have failed PICC line insertion with the Sherlock 3CG TCS 


subsequently have blind PICC line reinsertion at the bedside with an X-ray. To 


account for this, a sensitivity analysis explored the effect of some patients 


having a second placement attempt at the bedside, rather than immediate 


fluoroscopy. The model assumed that there was no malposition in patients 


who had initial insertion under fluoroscopy; accurate insertion was achieved at 


the first attempt (Walker et al. 2013). All patients ended the model with 


accurate insertion. 


Bedside placements with the Sherlock 3CG TCS, both with and without an X-


ray, were considered in the model. This reflects current practice in the NHS. 


Potentially, as practitioners become more skilled and confident when using 


the Sherlock 3CG TCS, the need for a confirmatory X-ray would decrease. 


A figure of the model structure provided by the sponsor is shown in figure 1. 
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Figure 1. Decision tree used in sponsor’s economic model 


 


The assumptions made by the sponsor in the cost model are described on 


page 69 of the sponsor’s submission. These assumptions and associated 


EAC comments are presented on page 53 of the assessment report. Some 


key assumptions and critique are presented in table 4. 
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Table 4. Key model assumptions and EAC comments  


Assumption listed by sponsor in 
submission 


EAC comments 


Time taken to achieve successful 
placement with the Sherlock 3CG TCS 
is equal to the time for successful 
placement at bedside without the 
technology. 


 


 


 


 


 


The sponsor clarified that this should 
read “time taken to achieve 
successful placement with Sherlock 
3CG TCS with X-ray is equal to the 
time for successful placement at the 
bedside without the technology.” 


The EAC agrees with this assumption, 
but noted that it does not match the 
inputs in the model. The same nurse 
times were used for the Sherlock 3CG 
TCS with X-ray and blind placement, but 
a shorter time was used for the 
technology without X-ray, even after X-
ray time is separately accounted for. Staff 
time needed for the X-ray is accounted 
for separately. 


 


The EAC states that this now matches 
the input in the model, and is a 
reasonable assumption, but there is no 
valid reason to assign a shorter nurse 
time to the Sherlock 3CG TCS without X-
ray. It is plausible that the patient 
pathway may be shorter, but PICC 
insertion time will remain similar. The 
cost of X-ray (including radiologist time) 
is costed separately. 


Infrastructure costs other than those 
modelled are assumed to be the same 
for the Sherlock 3CG TCS and the 
comparators. 


There is an underlying assumption that 
centres have a bedside PICC service in 
place, as the costs of setting up a new 
service are not included. If the current 
practice is fluoroscopy-guided PICC 
insertion, this assumption may not be 
valid. 


Within the model it is assumed that 
nurses and radiologists are trained in 
PICC line insertion and additional 
training required relates to learning 
how to use the Sherlock 3CG TCS 
only. 


The model includes a branch for 
fluoroscopy-guided PICC insertion as a 
comparator. If a service changed from 
fluoroscopy-guided PICC to the Sherlock 
3CG TCS at the bedside, there would be 
additional setup costs to train the PICC 
teams. These are not included in the 
model.  


5.2.2 Model parameters 


The model parameters used in the sponsor’s cost model were based on the 


results reported by Parikh et al. (2012), because it had the largest patient 


population. The results from phase 2 of the study were used, including training 


costs. Success rates from the remaining 3 case series were applied in 


sensitivity analyses. 
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A summary of all the model parameters used in the sponsor’s economic 


model is presented in table 5. 


Table 5. Summary of model parameters and values used in sponsor’s 
cost model 


Variable  Value Source 


Proportion of successful 
placements (the Sherlock 
3CG TCS, with or without 
confirmation X-ray) 


96% Parikh et al. 2012 


 


Proportion of successful 
adjustments at bedside (the 
Sherlock 3CG TCS) 


0% Assumption. After failure with 
the Sherlock 3CG TCS 
patients have reinsertion 
under fluoroscopy (in base 
case) 


Proportion of successful 
placements (blind placement 
at bedside with X-ray) 


93% Walker et al. 2013. This will 
include patients needing 
some readjustment following 
X-ray. 


Proportion of successful 
adjustments at bedside 
(bedside) 


0% Walker et al. 2013. All 
patients undergo reinsertion 
with fluoroscopy after bedside 
failure (in base case). 


Proportion of successful 
insertions (fluoroscopy) 


100% Walker et al. 2013 


5.2.3 Costs and resource use 


The sponsor decided that a case series study by Walker et al. (2013) was the 


most appropriate source for information on cost and resource use, because it 


was a recent study conducted in a UK NHS setting. The assessment report 


described the paper as a good source for resource identification and 


quantification, and for costing equipment, although less useful for other cost 


data. A poster by Adams (2013) was used to identify the proportion of the 


patient population for whom the Sherlock 3CG TCS was suitable (83.5%) and 


to provide data on the time taken to insert a PICC using the Sherlock 3CG 


without X-ray (39.5 minutes). 


The list price excluding VAT of the Sherlock 3CG TCS with stand and printer 


was stated to be £9990. A breakdown of the costs associated with a PICC 


insertion using the Sherlock 3CG TCS (both with and without confirmatory X-
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ray) is given in table 6. The cost of the technology was spread over a 4-year 


lifespan. The sponsor assumed 468 potential uses of the technology per year, 


then took into account the proportion of the patient population for whom the 


technology was suitable (83.5%, as per Adams 2013). The cost of the 


Sherlock 3CG TCS equipment per PICC line insertion was calculated to be 


£6.39. Annual maintenance costs of £595 were calculated to be £1.52 per 


insertion, using the same patient criteria.  


The resource use data associated with the comparator interventions – 


bedside PICC insertion and insertion using fluoroscopy – were also sourced 


from Walker et al. (2013). Costs were identified using the Unit Costs of Health 


and Social Care (Curtis 2012). The key resource identified by the sponsor was 


the time needed to position and reposition PICCs, and is discussed on 


page 84 of the sponsor’s submission.  


Table 6. Costs per PICC line inserted associated with the Sherlock 3CG 
TCS and comparator technologies (adapted from tables 13–16 of 
assessment report) 


 


The sponsor’s submitted clinical evidence reported no adverse events (for 


example infection due to PICC line insertion). As such, the base case of the 


Type of cost Value (£) 


 The Sherlock 
3CG TCS 
(without 
confirmatory 
X-ray) 


The Sherlock 
3CG TCS 
(with 
confirmatory 
X-ray)  


Bedside 
insertion 


Fluoroscopy 


Price of the Sherlock 
3CG TCS per PICC 
line insertion  


£6.39 £6.39 N/A N/A 


Consumables  £189.91 £189.91 £163.18 £217.88 


Maintenance cost  £1.52 £1.52 N/A N/A 


Training cost £1.42 £1.42 N/A N/A 


Other costs £83.83 £111.15 £111.15 £579.05 


Total cost per 
insertion 


£272.30 £310.15 £274.33 £814.93 
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sponsor’s economic model does not incorporate any costs for adverse events. 


It was assumed that they were constant across all treatment arms.  


5.2.4 Results of sponsor’s base case model and sensitivity 


analyses 


The base case presented by the sponsor found the Sherlock 3CG TCS 


without X-ray to be the most cost-efficient option (£272.30 per insertion). A 


summary of cost differences compared with the Sherlock 3CG TCS is shown 


in table 7. 


Table 7: Cost differences per patient as per sponsor’s base case model 


 Total cost Cost difference compared 
with the Sherlock 3CG 
TCS (no X-ray) 


PICC insertion with the Sherlock 3CG TCS 
(without X-ray confirmation) 


£304.90 − 


Blind PICC insertion with X-ray confirmation £330.56 + £25.66 


PICC insertion with the Sherlock 3CG TCS 
(with X-ray confirmation) 


£342.75 + £37.85 


PICC insertion with fluoroscopy £814.93 + £510.03 


 


The sponsor carried out sensitivity analysis to test the structural assumptions 


and key drivers of its base-case model. The sponsor’s sensitivity analyses are 


outlined on pages 92–125 of its submission. The cost of PICC line insertion 


and the success of placement at initial insertion were identified by the sponsor 


as the key drivers of the cost model. The sponsor’s threshold analysis 


reported that the Sherlock 3CG TCS becomes cost-incurring with less than 


93% successful placement, but can also become cost-incurring if blind 


placement has a success rate greater than 96%. When considering the 


Sherlock 3CG TCS compared with insertion using fluoroscopy, the sponsor 


found the Sherlock 3CG to be always cost-saving across the parameters 


considered. The Sherlock 3CG TCS without confirmatory X-ray remained 


cost-saving in all scenarios identified by the sponsor, except when the 


associated costs are increased by 25% (incurring an additional cost of 


£50.20). 
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5.2.5 EAC revisions to the sponsor’s cost model  


 


The assessment report noted that the majority of cost savings in the model 


came from moving PICC insertion from the fluoroscopy suite to the bedside. 


The EAC felt that this could equally be true of blind bedside insertion, and that 


cost savings were not directly attributable to the Sherlock 3CG TCS. The EAC 


also noted that the model does not include the setup costs of a bedside 


insertion service for centres currently using a fluoroscopy service. The 


assessment report did not identify any major issues with either the structure of 


the model, or the model parameters used by the sponsor. 


The EAC considered that the most valid comparison in the model was the 


Sherlock 3CG TCS compared with blind PICC insertion and confirmatory X-


ray, which is associated with a cost saving of £25.66 for the Sherlock 3CG 


TCS. The sponsor provides a detailed breakdown of this cost comparison on 


pages 99–101 of its submission, and the EAC provides commentary on these 


costs on page 665 of the assessment report. 


The EAC noted that the scope of the sponsor’s economic submission 


contained a deviation from that specified by NICE and from the clinical 


evidence submitted. It specified that the patient population was only those for 


whom the Sherlock 3CG TCS is suitable. This ignored the proportion of the 


population needing PICC insertion for whom the Sherlock 3CG TCS is not 


suitable. The EAC adapted the sponsor’s base-case model to correct this 


inconsistency and ensure that all patients were incorporated into the model, 


thereby reflecting the scope. 


A significant factor in the sponsor’s cost analysis was the time taken by a 


nurse to perform a bedside PICC line insertion. The sponsor’s base-case 


model assumed that a blind bedside insertion took the same time as a 


bedside insertion using the Sherlock 3CG TCS plus confirmatory X-ray: 


62.49 minutes, based on Walker et al. (2013). Bedside insertion using the 


Sherlock 3CG TCS without a confirmatory X-ray was assumed to take 
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39.5 minutes (Adams et al. 2013). The EAC considered the use of two 


different data sources to inform the same procedure to be irrational. In its own 


analysis, nurse time was adjusted to ensure parity across both treatment 


groups (62.49 minutes; Walker et al., 2013). 


5.2.6 Results of the EAC’s revisions to sponsor’s base-case 


model analysis 


The EAC reran the sponsor’s base-case model, changing some inputs and 


parameters in the original model. The EAC recognised that there is 


widespread variation in practice and considered that its revised analysis was 


based on an alternative set of assumptions. Specifically, it set the amount of 


nurse time needed for PICC insertion to be equal for both insertion with the 


Sherlock 3CG TCS and blind bedside insertion. It set the standard re-insertion 


option for unsuccessful insertions with the Sherlock 3CG TCS to be blind 


placements followed by confirmatory X-ray, instead of fluoroscopy, to reflect 


clinical experts’ advice. The EAC noted that results of the model for bedside 


procedures were strongly driven by the difference in nurse time. 


The EAC incorporated the additional costs of patients needing PICC insertion 


who are not suitable for the Sherlock 3CG TCS (16.5% of patients). These 


patients had not been accounted for in the original economic model, despite 


being specified in the scope. The EAC also reset the malposition rate for the 


Sherlock 3CG TCS with no X-ray to 0% instead of 4%, pointing out that there 


was no way to confirm a malpositioned PICC in the time horizon of the model. 


Theatre costs for fluoroscopy were reset from £507.18 to £101.00. The overall 


results of these analyses are shown in table 8, based on pages 70–72 of the 


assessment report. The EAC reported that there were no reliable data on 


adverse events to inform the model, and so did not include them in its revised 


model. 
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Table 8. Cost differences from EAC revisions to sponsor’s base-case 
model  


 Total cost Cost difference compared with 
Sherlock 3CG TCS and no X-ray 


PICC insertion with the 
Sherlock 3CG TCS (without X-
ray confirmation) 


£302.63 − 


Blind PICC insertion with X-ray 
confirmation 


£293.26 −£9.37 


PICC insertion with the 
Sherlock 3CG TCS (with X-ray 
confirmation) 


£317.73 +£15.10 


PICC insertion with 
fluoroscopy 


£408.75 +£106.12 


 


Results from the revised model show that the Sherlock 3CG TCS without X-


ray becomes cost-incurring (£9.37) compared with blind PICC placement and 


X-ray confirmation and the Sherlock 3CG TCS with X-ray is cost-incurring by 


£24.47 per patient.  


5.2.7 Additional sensitivity analysis carried out by the EAC – 


critical care patients 


The EAC used data from 2 separate papers reporting on the same critical 


care unit by the same author (Johnston 2013, 2014) to run a scenario analysis 


(page 72 of assessment report). The EAC assumed that the technology was 


the Sherlock 3CG TCS with X-ray confirmation and that the comparator was 


blind PICC placement with X-ray confirmation. PICC replacement was by the 


original insertion method in all cases. The results are shown in table 9, 


replicated from page 73 of the assessment report. 


 


Table 9. Results of the EAC scenario for intensive care patients 


 Blind PICC 
insertion (with X-
ray) 


The Sherlock 
3CG TCS 
(with X-ray) 


Cost difference  EAC comment 


Total 
cost 


£413.69 £372.35 −£41.35 Based on sponsor 
base-case model 
with intensive care 
unit accuracy rates. 
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In this population of critical care patients, the Sherlock 3CG TCS with X-ray 


confirmation is significantly cost-saving because of fewer PICCs needing to be 


repositioned, and the cost savings associated with this reduction (such as a 


reduction in staff time and fewer X-rays). The EAC noted some limitations of 


this scenario: the data were taken from a single centre and may not be 


generalisable, comparison data were historical data from the same centre, 


only intermediate outcomes were included, and the actual number of 


replacements was not reported. 


5.2.8 Subgroup analysis 


No subgroup analysis was undertaken. The EAC considered that critical care 


patients could have been an appropriate subgroup for analysis, although this 


group was not specified in the scope. 


6 Ongoing research 


The sponsor’s submission identified 1 ongoing French study: NCT01969981. 


This is a prospective, single-centre, observational study of adults needing a 


PICC. The study started in October 2013, with an estimated completion date 


of April 2014. ClinicalTrials.gov states that it was completed in September 


2014 [n=571]. The EAC contacted the principal investigator, but did not 


receive any additional information.  


The EAC also identified study NCT01275430, which is reported on 


ClinicalTrials.gov as terminated. The sponsor informed the EAC that part 1 


has been completed but not yet reported, and that part 2 is awaiting approval. 


The study is taking place in the USA, sponsored by Bard. No additional 


information was submitted.  
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7 Issues for consideration by the Committee 


Clinical evidence 


Quality and quantity of the clinical evidence 


The EAC considered the existing evidence base to be of insufficient size, 


relevance and methodological quality to allow any definitive conclusions to be 


drawn on the clinical benefits of the Sherlock 3CG TCS. The sponsor also 


recognised the limitations of the existing evidence base in its submission. Of 


the clinical evidence considered, Johnston et al. (2014) was the only 


published paper, and the only study for which the EAC was able to conduct 


appropriate critical appraisal. The poster by Parikh et al. (2012) was 


considered to be sufficiently detailed for some analysis, but the other evidence 


– the abstract by Barton (2014), the posters by Adams (2013) and Stewart 


(2013), the presentation by Symington (2011) and the NHS questionnaire data 


– were considered to be of too poor quality for any kind of critical appraisal. 


This made it impossible for the EAC to draw a strong evidence-based 


conclusion. Nevertheless, all of the evidence assessed was broadly in favour 


of the Sherlock 3CG TCS, as were the current NHS users contacted by both 


the sponsor and the EAC. The lack of comparative evidence and poor 


reporting of existing studies precluded the EAC from quantifying the extent of 


the improvement in PICC positioning attributable to Sherlock 3CG TCS. 


Definition of correct PICC placement 


The EAC noted a lack of consensus about the definition of a clinical 


malposition, and about the likely clinical consequences of a malpositioned 


PICC line. Increased accuracy of placement and fewer malpositions are 


specified as outcomes in the decision problem, but it may be difficult to assess 


the robustness of these claims with so much variation surrounding what 


actually constitutes a malposition.  


The EAC also noted that no evidence was identified which considers the 


consequences of malpositioning, such as adverse events, for either the 
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Sherlock 3CG TCS or blind insertion with X-ray confirmation. The time horizon 


used only considers the insertion of the PICC, and none of the potential 


longer-term consequences associated with either the technology or 


comparators. There was no patient follow-up in any of the studies reviewed. 


Cost evidence 


The EAC noted that there was some uncertainty around some of the outputs 


of the cost model, largely due to the low-level evidence base used to inform it. 


Based on the sponsor’s sensitivity analysis, the key drivers of the cost model 


in the most relevant case – the Sherlock 3CG TCS with no confirmatory X-ray 


compared with bedside insertion with X-ray – were the accuracy of placement 


using the Sherlock 3CG TCS and comparator technologies, and the time 


taken to carry out insertion. 


The model does not include the costs of complications or adverse events for 


the Sherlock 3CG TCS or either of the comparator technologies. The effect of 


this is unknown. 
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Appendix A: Sources of evidence considered in the 


preparation of the overview 


A Details of assessment report: 


 Dale M. et al. (2014) Sherlock 3CG Tip Confirmation System 
for placement of peripherally inserted central catheters, 
September 2014.  


B Submissions from the following sponsors: 


 C.R. Bard 


C Related NICE guidance 


 Infection: Prevention and control of healthcare-associated infections in 


primary and community care. NICE clinical guideline 139 (2012). Available 


from www.nice.org.uk/guidance/cg139 


 Nutrition support in adults: Oral nutrition support, enteral tube feeding and 


parenteral nutrition. NICE clinical guideline 32 (2006). Available from 


www.nice.org.uk/guidance/cg32 


 Guidance on the use of ultrasound locating devices for placing central 


venous catheters. NICE technology appraisal 49 (2002). Available from 


www.nice.org.uk/guidance/ta49 
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Appendix B: Comments from professional bodies  


Expert advice was sought from experts who have been nominated or ratified 


by their Specialist Society, Royal College or Professional Body. The advice 


received is their individual opinion and does not represent the view of the 


society. 


Mr. Andrew Barton 


Clinical Nurse Specialist in Vascular Access, IV Therapy and OPAT Lead, 


Nursing and Midwifery Council 


Dr. Andrew Bodenham 


Consultant in Anaesthesia and Intensive Care Medicine, National Infusion and 


Vascular Access Society 


Dr. Lisa Dougherty 


Nurse Consultant, National Infusion and Vascular Access Society 


Ms. Elizabeth Elfleet 


Advanced Radiographer Practitioner, Society of Radiographers 


Dr. Tim Jackson 


Consultant Anaesthetist, National Infusion and Vascular Access Society 


Dr. Andrew Johnston 


Consultant in Intensive Care, Royal College of Anaesthetists 


Dr. Richard Leech 


Consultant Anaesthetist, Royal College of Anaesthetists 


Ms. Dympna McParlan 


Infusion Services Coordinator, Nursing and Midwifery Council  


Professor Richard McWilliams 


Consultant Vascular Radiologist, Royal College of Radiologists 
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 Eight of 9 experts reported direct experience with the Sherlock 3CG TCS. 


One had referred a patient for its use, and 3 claimed that they would like to 


use the technology but currently do not have access.  


 Three experts reported being involved in research on the technology: a 


service evaluation, a literature review, and research aimed at assessing the 


value of chest X-rays. 


 Four of the 9 experts described the technology as thoroughly novel, and 4 


described it as a significant modification of an existing technology. One 


expert described it as both. 


 There was no clear agreement on the most appropriate use of the 


technology. Some of the clinical areas specified included haematology, 


oncology, and any indication needing long-term vascular access. One 


expert stated it was suitable for any PICC line insertion except those where 


a P-wave is intermittent or unobservable. 


 The comparator technologies identified by expert advisers were the same 


as those identified in the evaluation, namely insertion under fluoroscopy or 


insertion using confirmatory chest X-ray. Three experts referenced the 


Vygon Nautilus ECG tip location system.  


 Patient benefits identified included fewer malpositions due to increased tip 


accuracy, a reduced waiting time before use of the PICC line due to instant 


confirmation, less need for repeated positioning procedures and less 


exposure to radiation. The majority of experts felt these benefits would be 


realisable in practice. One expert felt that confirmatory X-ray would still be 


needed. Opinions on the quality of the evidence varied from ‘good quality’ 


to ‘very poor’. There was no consensus. 


 Benefits for the healthcare system focused mainly on resource savings 


associated with lower radiology costs, fewer repeat procedures and greater 


patient throughput. In general, it was felt these could be realised in 


practice. One adviser noted that there was a learning curve associated with 


correct interpretation of the ECG trace. Again, opinion on the quality of the 


evidence varied from ‘uncertain’ to ‘robust’. 
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 Expert advisers seemed uncertain about the cost-saving potential of the 


technology, noting the initial outlay needed. It was acknowledged that these 


costs could be recouped if patient throughput was sufficiently high, and 


enough fluoroscopies and confirmatory X-rays could be avoided. There 


was insufficient evidence at this stage to judge if this would be the case. 


Appendix C: Comments from patient organisations 


The following patient organisations were contacted. No response was 


received. 


 Cancer Black Care 


 Cancer Equality  


 Cancer Voices 


 Cancer52 


 Crohn’s and Colitis UK 


 Helen Rollason Cancer Charity 


 Macmillan Cancer Support 


 Maggie’s Centres 


 Marie Curie Cancer Care 


 MRSA Action UK 


 Neurological Alliance 


 Neurosupport 


 PINNT (Patients on Intravenous and Nasogastric Nutrition Therapy) 


 Rarer Cancers Foundation 


 Spinal Injuries Association  


 Sue Ryder  


 Tenovus  


 Ulcerative Colitis UK 
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Additional economic analysis requested by MTAC committee 


 


There are uncertainties in the model structure and inputs due to the lack of data available and the 


variations in patient groups and service provision. Two factors that are both highly influential and 


with high levels of uncertainty are: 


 the relative number of reinsertions of the  two methods being compared 


 the difference in staff time for the two methods being compared. 


There are many combinations of these that can change the model from being cost saving to cost 


incurring, and the most accurate representation will depend on the service being examined.  


The sponsor put forward a case that, when comparing blind PICC insertion with Sherlock 3CG TCS 


(no x-ray) a cost saving of £25.67 per patient would be seen.  


The EAC tested a separate set of assumptions and found when comparing blind PICC insertion with 


Sherlock 3CG TCS (no x-ray) a cost of £9.37 per patient would be incurred. 


The EAC analysis presents an alternative set of assumptions, but there is insufficient evidence to be 


allow absolute certainty over which is correct. 


A scenario can be created where the use of Sherlock 3CG TCS is approximately cost neutral, when 


the following assumptions are made: 


 Sherlock 3CG TCS is 100% accurate (since there is no x-ray assessment to compare to). 


 Blind PICC placement is 93% accurate (Sponsor submission from Walker et al. 2013) and all 


reinsertions are by blind PICC. 


 Nurse time for blind PICC placement is 62.5min (Sponsor submission from Walker et al. 


2013) 


 Nurse time for Sherlock 3CG TCS is 57.5 min, a 5 min reduction as there is no requirement 


for the nurse to interpret the x-ray image. 


 The cost of x-ray is 10 minutes of radiologist time (£5.67, from sponsor submission based on 


Walker et al. 2013) with the addition of 15 minutes for a Band 2 porter (£5.25, Curtis 


2013)to transport patient to and from x-ray. This gives total cost of x-ray as (£10.92) 


 16.5% of patients are not suitable for Sherlock 3CG TCS (eg cardiac arrhythmia) and are 


treated using blind PICC placement (16.5% is Sponsor submission from Adams (2013) with 


EAC calculation of treatment cost). 
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For this scenario, the model results are: 


 Total cost Cost difference 
compared with Sherlock 
3CG TCS (no x-ray) 


PICC insertion with Sherlock 3CG 
TCS and no x-ray 


£297.71  


Blind PICC insertion with x-ray 
confirmation 


£298.87 £1.16 


PICC insertion with Sherlock 3CG 
TCS with x-ray 


£308.29 £9.42 


PICC insertion with fluoroscopy
1
 £408.75 £111.27 


1 
EAC assumption of £101 for fluoroscopy theatre cost is used 


 


A greater reduction in nurse time using Sherlock 3CG TCS or a greater cost of x-ray would lead to a 


greater cost saving for Sherlock 3CG TCS (no x-ray). A greater reduction in reinsertion rates due to 


using Sherlock 3CG TCS would also tend to increase the cost saving.  


Given current information, the use of Sherlock 3CG TCS compared to blind PICC insertion using a 


chest x-ray appears to hover around cost neutral. If evidence became available for outcomes after 


the initial insertion, such as replacement, complications and adverse events, the cost implications 


may change. The direction of this potential change is not known.  


References 


Adams T, (2013) The Clinical Efficacy of PICC Tip Confirmation using ECG Tip Locator Technology. 


Poster Presented at the Association of Vascular Access Annual Scientific Meeting 2013. 


Curtis, L. (2013) Unit Costs of Health and Social Care 2013, PSSRU. (Hospital based Band 2 Clinical 


Support Worker used, £21 per hour) 


Walker G, Todd A. (2013) Nurse-led PICC insertion: is it cost effective? British Journal of Nursing 


13;22(19):S9-15.  


Walker G. (2013) Investigation of the health economics of peripherally inserted central catheter 


(PICC) placement by different staff groups in a district general hospital. University of Aberdeen, 


Thesis, BMedSci. 
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Additional economic analysis 


1 Model structure 
The model is limited by the lack of evidence available. This is exacerbated by the large variations in 


clinical practice, different patient groups and settings that are included.  


No evidence was available to the sponsors on the impact of identified malpositions, it was unknown 


if they were adjusted or replaced as a result. No comparative evidence was available on the rate of 


complications or adverse events. 


2 Nurse time for insertion 
One of the key changes made by the EAC was to the differences in nurse times for different insertion 


methods. The values used in the sponsor model were taken from unrelated studies in different 


locations. Given that the variation in practice is large, it is unlikely that these studies were 


appropriate to use comparatively. There was no comparative data available for the length of time 


taken by a nurse for blind PICC insertion, or insertion with Sherlock 3CG TCS. 


The EAC used an alternative hypothesis that the actual insertion time would be similar for each 


method, and that the nurse would not be involved in any x-ray. 


Expert advice for procedure length varied between 20 to 40 minutes for Sherlock and 15 to 60 


minutes for blind PICC placement. Some experts felt that Sherlock 3CG TCS would take a little longer, 


and some felt that it would be slightly quicker. 


Expert advisors were asked if nurses would be involved in the x-ray process, and the advice was that 


nurses would not normally accompany patients to x-ray, but that they may be responsible for 


interpreting the x-ray. There may therefore be some additional nurse time involved in PICC 


placement that uses x-ray confirmation, however there is no firm evidence to the amount of this, or 


the extent of different practices.  


Walker et al.(2013) was used extensively for model inputs by the sponsor, and detailed information 


on the insertion times and staffing for different PICC teams in one hospital is found in the full thesis 


(Walker 2013), summarised in table 1. Procedures were either fluoroscopy (radiology team) or blind 


PICC placement. Times for obtaining x-ray confirmation are not included. For the same procedure, in 


the same hospital there are differences greater than the variations used in either version of the 


model. 


The sponsor’s sensitivity analysis did not look at nurse time in isolation, but only as a component of 


the whole procedure cost. The difference between nurse times for each procedure was not included 


in the sponsor’s sensitivity analysis. 
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Table 1: PICC insertion times, Walker 2013. 


Department Trained 
staff 


Typical staff involvement Number of 
observations 


Mean time 
for insertion 
(mins) 


Radiology 3 1 consultant radiologist, 1 scrub nurse, 1 
floor nurse, 1 radiographer (all for full 
duration of procedure) 


48 40.125 


ICU 2 1 doctor (for full duration of procedure) and 
1 nurse assistant (for 5 min) 


2 18 


Macmillan 2 1 nurse: band 5-8 (for full duration), 1 
assistant band 2-5 (for 5 min) 


49 50.612 


OPAT 2 2 nurses: band 6 (for full duration) 32 89.375 


Ward 2C 3 2 nurses: band 5-8 (for full duration) 10 47.5 


Nurse time average (not weighted) 91 62.49 
(OPAT: Outpatient Parenteral Antibiotic Therapy, includes time travelling to patient on ward) 


The EAC completed an additional sensitivity analysis where different nurse times (30 and 80 min) 


were chosen for blind PICC insertion, and the impact of varying the Sherlock 3CG TCS insertion time 


by ±20 min was explored, figure 1. It can be seen that the difference between nurse times has more 


impact than the actual length of the procedure, and also that 10 minutes can make the difference 


between a theoretical cost saving or cost incursion. There is no evidence available that can give this 


degree of certainty for the inputs, and hence the results. 


 


Figure 1: Impact of varying nurse time for PICC insertion 
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3 Accuracy of placement 
There is considerable uncertainty over the realistic accuracy of placement in different patient 


populations and in different settings, both for Sherlock 3CG TCS and blind PICC placement. Figure 2 


explores the impact on cost when different accuracy rates are modelled. 


Using the scenario where Sherlock 3CG TCS was used with chest –rays, figure 2 shows that if 


Sherlock 3CG TCS achieved accurate placement of the PICC in 60% of cases, then it would be cost 


incurring if blind PICC placement was accurate in over 42% of cases. 


If Sherlock 3CG TCS achieved accurate placement of the PICC in 100% of cases, then it would be cost 


incurring if blind PICC placement was accurate in just over 87% of cases. 


 


Figure 2. Incremental cost of Sherlock 3CG TCS vs blind PICC placement, showing variation at different accuracy rates 


4 Correction to ICU scenario analysis 
During this additional analysis the EAC identified an error in one formula in the economic model. 


This meant that when Sherlock 3CG TCS was unsuccessful, and reinsertion was carried out at the 


bedside by the original method, the full procedure cost was not included in the total.  


There is no impact on the sponsor’s base case since all re-insertions were by fluoroscopy. There is 


also no impact on the EAC base case as Sherlock 3CG TCS (no x-ray) was assumed to be successful in 


all placements.  
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When ICU data from Johnston et al (2014) was used there was a greater impact, due to the high 


rates of malposition, although the overall conclusions remain unchanged. The corrected total cost 


saving from using Sherlock 3CG TCS is £41.35 rather than £97.72 previously calculated. 


Table 2 Results of the EAC scenario for ICU patients. Corrected. 


 Blind PICC 
insertion 
with x-ray 
confirmation  


PICC insertion 
with Sherlock 
3CG TCS with x-
ray 


Cost difference  EAC comment 


Total cost £413.69 £372.35 -£41.35 Based on sponsor base 
case model with ICU 
accuracy rates. 


 


There are also very minor changes for EAC scenarios where Sherlock 3CG TCS was used with chest x-


ray. 


5 Impact 
There are numerous uncertainties in the model structure and inputs that are due to the lack of data 


available. The EAC analysis presents an alternative set of assumptions, but the lack of information 


does not allow absolute certainty over which is correct. 


Given current information, the use of Sherlock 3CG TCS compared to blind PICC insertion using a 


chest x-ray appears to hover around cost neutral. If evidence became available for longer term 


outcomes, such as replacement, complications and adverse events, the cost implications may 


change, however the direction of the change is not known.  


References 


Walker G, Todd A. (2013) Nurse-led PICC insertion: is it cost effective? British Journal of Nursing 
13;22(19):S9-15.  
Walker G. (2013) Investigation of the health economics of peripherally inserted central catheter 


(PICC) placement by different staff groups in a district general hospital. University of Aberdeen, 


Thesis, BMedSci. 
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National Institute for Health and Care Excellence 


External Assessment Centre correspondence  
 


Sherlock 3CG Tip Confirmation System 
 
The purpose of this log is to show where the External Assessment Centre relied in their assessment of the topic on information or 
evidence not included in the sponsors’ original submission.  This is normally where the External Assessment Centre: 
 


a) become aware of additional relevant evidence not submitted by the sponsor, 
b) need to check “real world” assumptions with NICE’s expert advisers 
c) need to ask the sponsor for additional information or data not included in the original submission, or 
d) need to correspond with an organisation or individual outside of NICE. 


 
These events are recorded in these tables to ensure that all information relevant to the assessment of the topic is made available to 
MTAC.  These tables are presented to MTAC in the Assessment Report Overview, and are made available at public consultation. 
 
Table 1. Correspondence with sponsor 
Table 2. Collated responses from expert advisers to EAC questions  
Table 3.  Other correspondence  
 
In the interests of conciseness and accessibility, please include only relevant text relating to the original question in the comment 
tables below. Additional text, e.g. introductions and signatures, need not be included in the log. 
Please ensure at submission to NICE that the log is accompanied by an archive file format (.ZIP file) containing full copies of all 
correspondence. 
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Table 1. Correspondence with sponsor 


 


Submission 
Document 


Section/Sub-
section number 


Question / Request  


Please indicate who was contacted.  


Response 


Attach additional documents provided in response as 
Appendices and reference in relevant cells below. 


Action / Impact / 
Other comments 


 Questions to sponsor for initial meeting (1-9): 
1) Request for information on trial NCT01275430 
that was stopped early. 


The trial is being conducted in the USA. Patients (unknown 
number) have been recruited to phase 1. A report is 
expected and Bard will forward this when it is released. 
Phase 2 has not started and is going through approvals. 


Sponsor to forward 
study phase 1 report 
if it becomes 
available within the 
timescale of the 
assessment process 


 2) Have the sponsors contacted the authors of any 
of the papers? 


Yes. Two have responded – Barton and Stewart. One has 
provided data and the other should provide it on Monday 
21st July. No response has been received from Adams or 
Parikh; Bard was not involved in these trials. 
This additional information may be considered part of the 
clinical evidence in the same way as if Cedar had obtained 
it. Cedar may contact the authors directly following this. 


Sponsor to forward 
additional data to 
Cedar and author 
contact details. 
 
Cedar to follow up 
remaining authors 
for additional data. 


 3) NHS audit data This was recently forwarded to Cedar. The questionnaire 
was sent to all NHS hospitals that were using Sherlock and 
the sponsor has forwarded all the responses that they have 
received. This data was not included in the clinical 
evidence analysis due to initial confusion about where it 
should be entered and was later omitted in error. 


Bard to confirm to 
Cedar the response 
rate for the 
questionnaires, who 
was contacted and 
when. 


 4) Difference between technology versions. This documents conversation on Friday 18th July, however 
the information is not now complete. New information will 
be added to the version table, and this will supersede 


Bard to provide 
details of when 
versions were 
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Submission 
Document 


Section/Sub-
section number 


Question / Request  


Please indicate who was contacted.  


Response 


Attach additional documents provided in response as 
Appendices and reference in relevant cells below. 


Action / Impact / 
Other comments 


information in these minutes.  
All devices are USA only, apart from Sherlock 3CG TCS, 
which is the only one available in Europe. 
Sherlock (2006) – showed direction of tip only. 
Sherlock II – as above, with some improvements) 
Sapiens  – tablet device attached to a drip stand, included 
ECG, name is now obsolete. 
Sherlock 3CG TCS was added to the Site~Rite ultrasound 
system in the US. 
The system available in the UK is a standalone notebook 
version, plus sensor and printer (the Site~Rite system will 
be available from 2015). 
Clinical evidence from previous versions that include ECG 
could be included in the critical analysis – the use of ECG in 
determining optimum position is a requirement for 
comparability. Some previous versions e.g. Sherlock TPS 
may have had capability for ecg, but without it being 
implemented widely. This would not be comparable. 


released. 
 
AC (Cedar) to draft a 
table of the different 
versions, including 
any missing 
information that 
Cedar requires. To be 
reviewed by Bard. 


 5) What are the compatible catheters? There are two catheters available in the UK that allow for 
the use of ECG to assist with tip positioning: Power PICC 
and PowerPICC SOLO (includes a proximal one-way valve). 
PowerGroshong catheters (Groshong TLS) can be used but 
do not allow for ECG use. These have a distal valve and are 
made of silicone, rather than polyurethane (as for the 
PowerPICCs). PowerGroshong catheters compatible with 
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Submission 
Document 


Section/Sub-
section number 


Question / Request  


Please indicate who was contacted.  


Response 


Attach additional documents provided in response as 
Appendices and reference in relevant cells below. 


Action / Impact / 
Other comments 


Sherlock have only just been launched in the UK. 
For all catheters once placement is confirmed then the 
stylet and wire are removed from the catheter. 


 6) Clarification of Site~Rite and standalone 
systems. 


Site~Rite is available in the UK, but not linked to Sherlock. 
In the UK the system is always standalone, with ultrasound 
for venous access being whatever hospital already using. 
Imaging is on a netbook. 
In USA Sherlock can plug into Site~Rite via a USB 
connection. 
The combined system will be available in the UK in 2016. 


 
Contribute to table of 
product versions.  


 7) CE marking documentation Declarations of Conformity and supporting ISO13485 
Quality Management Systems certificates have been 
received for the catheters and the Sherlock system. 
Two QMS certificates that were supplied but were surplus 
to requirements were noted to be out of date. 


Cedar now have 
documents that we 
require. 


 8) Clarification of length of availability of Sherlock 
in the US. 


The first Sherlock device was available in 2006 and in the 
UK in April 2013. 


See Q4 above. 


 9) Johnston 2014 paper The very recent availability of this paper was noted. It will 
be included in Cedar’s critical appraisal. 
The same centre have published an audit of malposition 
before using Sherlock. 
RS noted that this NHS centre was unique in the UK, using 
Sherlock in intensive care patients (standard and 
neurological) – such patients are not able to lie supine as 
for other insertions. 


 







[Double click to insert footer here]  5 of 40 
 
 


Submission 
Document 


Section/Sub-
section number 


Question / Request  


Please indicate who was contacted.  


Response 


Attach additional documents provided in response as 
Appendices and reference in relevant cells below. 


Action / Impact / 
Other comments 


The paper notes differences between recommended 
placements in USA and UK. 
There are settings that are more common than others.Can 
be in or outpatients. Most patients would be seen in a 
treatment room or radiology suite, and brought there for 
PICC placement – they could be in or out patients, but 
treated by same staff in same location. Some PICCs are 
placed at bedside. 


 Meeting with Sponsor at Cedar to demonstrate 
device. 


Notes attached in Appendix A  


 
Thank you for your offer to let us see the Sherlock 
system. For your visit on Tuesday, Cedar (postcode 
CF144UJ) is located in the Cardiff Medicentre at 
the University Hospital of Wales (UHW). In the 
attached map……(travel info) 


Chengetayi and I will look forward to meeting with you all 
at 10.00 on Tuesday next week. 
We will have the SherLock 3CG TCS system and Piccs with 
us so we can demonstrate the operation of the system. 
 


 


 
I have created an early draft of a table, intended to 
show the characteristics of the Sherlock 3CG TCS 
and its predecessor devices. The aim is to reflect all 
of the key developmental changes and to enable 
Cedar to make a judgement on whether evidence 
on previous device versions is applicable to the 
Sherlock 3CG TCS.  
Can you please check the draft table for factual 
accuracy? I suspect that I have not captured the 
full complexity of the devices and I may have made 


Many thanks to you and the team for meeting with Rachel 
and I this morning and affording us the opportunity to 
demonstrate how Sherlock 3CG works. 
  
Following on from our discussions this morning, please find 
attached the following:- 
  
The data pertaining to the Symington Study 
The information regarding the NHS Clinical Audit 
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Submission 
Document 


Section/Sub-
section number 


Question / Request  


Please indicate who was contacted.  


Response 


Attach additional documents provided in response as 
Appendices and reference in relevant cells below. 


Action / Impact / 
Other comments 


errors. I’d be grateful if you could respond with 
tracked changes. 


As agreed I will forward the following as it becomes 
available:- 
  
Confirmation of the various Sherlock versions 
Data for the Barton and Stewart abstracts 
Any additional information pertaining to the STAT-PICC 
study 


 
Thank you for your visit to Cedar.  


 I have attached some notes to document 
the discussion we had, please let me know 
if there are any inaccuracies or 
amendments you would like to make. 


 We also discussed the various versions of 
the device that are available and Andy has 
shared an initial table listing them. Since 
then I have looked at the FDA 510(K) 
database and added additional 
information. I would be grateful if you 
could check and correct this as necessary. 


 Could you also please forward contact 
details for the authors that you have been 
in touch with. 


 In addition, on the Bard website, there is 
mention of a clinical study:   


Please find below the answers (in red) to the queries raised 
in your emails received on 24/07/2014 
  
1. I have attached some notes to document the 


discussion we had, please let me know if there are any 
inaccuracies or amendments you would like to make. 


  
I have checked the notes and I can confirm that there are 


no inaccuracies or amendments to be made. 
  
2. We also discussed the various versions of the 


device that are available and Andy has shared an initial 
table listing them. Since then I have looked at the FDA 
510(K) database and added additional information. I 
would be grateful if you could check and correct this as 
necessary. 


  
Please find attached the corrected version of the table. 
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In a clinical study, 99.1% of 114 PICCs were placed 
at the CAJ or within +/- 1 cm using Bard® Tip 
Confirmation Technology. 


†Data on File (Bard Access Systems, Inc., Salt Lake 
City, Utah) http://www.bardaccess.com/imaging-
sherlock-3cg.php?section=Clinical Study accessed 
24/7/2014 


Do you know if this is publically available, and do 
you have further information on it? 


 


  
3. Could you also please forward contact details for 


the authors that you have been in touch with. 
  
Details were provided, and have been redacted.  
  
I have already forwarded the details from Ken Symington. 


Please find attached the data from Andrew Barton. I have 
not heard back from Fiona Stewart. 


  
4. In addition, on the Bard website, there is mention 


of a clinical study:  “In a clinical study, 99.1% of 114 PICCs 
were placed at the CAJ or within +/- 1 cm using Bard® Tip 
Confirmation Technology. †Data on File (Bard Access 
Systems, Inc., Salt Lake City, Utah) 
http://www.bardaccess.com/imaging-sherlock-
3cg.php?section=Clinical Study accessed 24/7/2014”. Do 
you know if this is publically available, and do you have 
further information on it? 


  
Due to the misunderstanding that I only had to submit data 
relating to Sherlock 3CG TCS and not its 
similar  predecessors, I had this study in the Clinical 
Evidence Submission as excluded. The study was done by 
Pittiruti et al, 2012 (The intracavitary ECG method for 



http://www.bardaccess.com/imaging-sherlock-3cg.php?section=Clinical

http://www.bardaccess.com/imaging-sherlock-3cg.php?section=Clinical

http://www.bardaccess.com/imaging-sherlock-3cg.php?section=Clinical

http://www.bardaccess.com/imaging-sherlock-3cg.php?section=Clinical
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positioning the tip of central venous catheters: results of 
an Italian multicenter study. Pittiruti M, Bertollo D, Briglia 
E, Buononato M, Capozzoli G, De Simone L, La Greca A, 
Pelagatti C and Sandro Sette P. Journal of Vascular Access. 
13(3):357-65) and Bard were able to obtain subgroup data 
from the authors which is what is referred to on the Bard 
website. I have attached the study. 
  
5. Looking at the summary of Audit data submitted 
by Rachel and Chengetayi there should be 6 sets of 
questionnaires returned, however in the email from Ailish 
on 17th July there were only 5 sets, the one from Oxford 
seems to be missing. Could either NICE or Bard please 
check that we have received the complete information? 
  
My apologies for the omission. Please find the Oxford 


questionnaire attached. 


 
Thank you for providing your responses and the 
attached documents. Megan is on planned leave 
and I’m trying to catch up with regard to which 
attachments relate to which issue. I’ve managed 
most of this but I can’t work out exactly what the 
pdf titled ‘Sherlock Trial’ relates to. Is it for 
example a particular centre’s case load in a 12 
month period for PICC placement? Can you please 


Many thanks for your email. That PDF data together with 
the word document titled database summary relates to the 
Barton 2014 abstract. Those are the PICCs he has placed 
using Sherlock 3CG 


PDF file of data not 
used by EAC as not 
possible to interpret 
in context of 
abstract. EAC 
contacted Andrew 
Barton separately. 
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clarify? 


 
did you intend to contact Nurse Consultant Fiona 
Stewart to request further data related to her 
abstract? If so did you have any luck? The abstract 
alone does not provide much information. I can’t 
seem to find an email address for her but I note 
that Professor Peter Klineberg may be easier to 
track down.  


Yes we did try to contact Fiona Stewart for additional 
information on her abstract, but unfortunately she did not 
get back to me. I had sent her contact details in the email I 
sent through on the 25th of July. Details were provided, 
and have been redacted. 
 


EAC sent email to 
Fiona Stewart and 
Peter Klineberg, but 
no responses. 


 
Regarding the audit data can you tell me if the 
response from the Royal Marsden is for both sites 
(Sutton and London)?  
  
Do you have contact details for the hospital sites 
not included in your survey?  We have the 
following questions for them: 
  
  


 How long has Sherlock 3CG TCS been used 


at your site? 


 Has training been completed for staff who 


use Sherlock 3CG TCS? 


 Approximately how many PICC procedures 


(in-patient and out-patient) have been 


We can confirm that the data collected from the Royal 
Marsden included both sites. 
  
Chengetayi is away until 1st September and she would be 
the person to confirm if we did in fact receive information 
from Oxford. 
  
The main contact at Oxford is Nicola York  (email was 
provided and redacted) should you want to contact her 
directly regarding the questions below. 
  
I shall be away myself next week and have added David 
Dawson to the mail should you need any information 
urgently. 
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carried out at your site? 


 Are chest x-rays routinely used with 


Sherlock 3CG TCS to confirm PICC 


placement at your site? 


 Do you have any comments to make about 


Sherlock 3CG TCS and your experience of 


using it? 


 


 
We would like to contact the hospital sites that use 
Sherlock 3CG TCS and were not included in the 
Bard survey. Please could you send Cedar contact 
details for the appropriate people at the following 
sites: 
 Cambridge University Hospitals NHS Foundation 


Trust (Addenbrookes) 


 Heart of England NHS Foundation Trust (Good 
Hope Hospital) 


 King’s College Hospital NHS Foundation Trust 
(King’s College Hospital) 


 Maidstone and Tunbridge Wells NHS Trusts 
(Maidstone Hospital) 


 Medway NHS Foundation Trust (Medway 


Please see the following table for the requested contact 
details: 
(these were provided to EAC in full with contact name and 
email, except Heart of England NHS Foundation Trust 
(Good Hope Hospital) were the post was currently vacant. 


EAC contacted the 
centres, response 


included in 
assessment report. 
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Maritime Hospital) 


 Royal Liverpool and Broadgreen University 
Hospitals NHS Trust (Royal Liverpool) 


 University Hospitals Birmingham NHS Foundation 
Trust (Queen Elizabeth Hospital) 


 Belfast Health and Social Care Trust (Belfast City 
Hospital, Belfast) 


 Western Health and Social Care Trust (Altnagelvin 
Area Hospital, Derry) 


For your information, the brief questions that we 
will be asking are:  
 How long has Sherlock 3CG TCS been used at 


your site? 


 Has training been completed for staff who use 
Sherlock 3CG TCS? 


 Approximately how many PICC procedures (in-
patient and out-patient) have been carried out at 
your site? 


 Are chest x-rays routinely used with Sherlock 3CG 
TCS to confirm PICC placement at your site? 


 Do you have any comments to make about 
Sherlock 3CG TCS and your experience of using 
it? 
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We would like to include a couple of images of 
Sherlock 3CG TCS. The ones below are both in the 
instructions for use. 
  
  
Are you happy to give permission for Cedar to use 
these in the report, and ideally if you have a good 
clean version of them, rather than what I have 
gleaned off the internet, that would be great. I 
would of course acknowledge them as Bard’s 
images. 


 


Please find the requested images attached – png’s with 
transparent BG and standard jpg’s. They are not high 
resolution so I will aim to source these but they may take a 
while so if these are acceptable then please proceed. 
I attach a short form that we require in conjunction for 
using any of our images which includes our required 
correct terminology. I sincerely hope this is not an 
inconvenience. 


 


Images included in 
report 


 
 Thank you for the images, I have attached the 
completed permission for use form. Could I please 
confirm that were it says: 
 
b. For a one year term beginning on the date of the 
last signature below (including the lifetime of the 
publication if applicable) 
 
that this means that once placed in the current 
report, the permission remains in place for it to 
stay in that report for the duration of the time that 


That is certainly my understanding. 
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it is on NICE’s website? 
 


 
 Could you please let me know if there is any of the 
information that you have passed to Cedar (eg 
from authors, or NHS sites) that should be marked 
as confidential in the assessment report?  
 


Thank you for your email. Please could you treat all the 
questionnaires provided by NHS sites and the additional 
data for the abstract by Andrew Barton as confidential. 


 


 


 
Would it be acceptable not to redact the 
questionnaire data if it was annonymised and 
centres weren’t identified? 


Yes that’s acceptable. 


 


Tables annonymised 
in report 


 
 Further to your recent emails to David Dawson regarding 


use of Bard images - please now find attached for your 
records the signed permission request form. 


 


 


Expert Advisers 
 


Name of Expert Adviser Job Title Professional Organisation/ Specialist Society Nominated by Ratified 


Mr Andrew Barton Clinical Nurse Specialist in 
Vascular Access, IV Therapy 
and OPAT Lead 


Nursing and Midwifery Council   


Dr Andrew Bodenham Consultant in Anaesthesia 
and Intensive Care Medicine 


National Infusion and Vascular Access Society   
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Dr Lisa Dougherty Nurse Consultant National Infusion and Vascular Access Society   


Dr Richard Leech Nurse Consultant National Infusion and Vascular Access Society   


Dr Andrew Johnston Consultant Anaesthetist  Royal College of Anaesthetists   


Dr Tim Jackson Consultant in Intensive Care. 
Medical Lead Vascular team   


Royal College of Anaesthetists   


Ms Dympna McParlan Consultant Anaesthetist National Infusion and Vascular Access Society   


Ms Elizabeth Efleet Infusion Services 
Coordinator 


Nursing and Midwifery Council   


 
Table 2. Collated responses from expert advisers to EAC questions  


Question 1: Sherlock 3CG TCS instructions for use state that ECG tip location is not reliable where the p-wave is unclear. At what point would this be 
identified?  Would Sherlock be used anyway making use of the magnetic tip location facility and then be followed by a chest x-ray for confirmation? 


Expert Adviser Response / Comment 


Dr Richard Leech Unless the patient had already been identified as being in Atrial fibrillation (most inpatients are), this would only be identified once 
the equipment had been attached to the patient. Patients who in Atrial Fibrillation do not have an identifiable p wave so the Sherlock 
3CG TCS would not be able to confirm the correct position of the catheter tip. The Sherlock would be able to identify if the catheter 
tip was advancing in the jugular vein. rather than towards the SVC.  However operator experience and ultrasound can also give some 
warning of malposition before Xray confirmation. In these patients the PICC could either be placed without the Sherlock and adjusted 
after XRay if necessary or under fluoroscopy. There is no real advantage using this technology just for the Sherlock without the 3CG 
confirmation of tip position. 


In patients who are paced, I would recommend that the PICC is placed under fluoroscopy because it can be very difficult to indentify 
catheter tip position on a plain Xray when there are so many other wires in the same location. Often movement of the PICC catheter 
in real time is the only way to correctly identify the tip position. 
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Dr Andrew Bodenham It may clear before starting if patient known to be in Atrial fibrillation or evident when ECG monitor set up. Yes electromagnetic 
element would still work. 


Dr Tim Jackson The absence of a P-wave would be clear if the patient had already had an ECG performed. The most common clinical situation in 
which this would be the case would be atrial fibrillation. In common with other ECG-based tip-location systems, this is the standard 
caveat to their use. I am aware that some authors recommend using alternative methods for tip location in patients who are known 
to have abnormal ECG rhythms which would adversely affect recognition of the P-wave, however others describe experience with 
ECG tip-location technology even in patients with atrial fibrillation, although I am not familiar with the precise basis for their clinical 
experience. 


The magnetic element of Sherlock's guidance could theoretically be used to provide guidance on correct direction, and precise tip 
location could be verified by chest x-ray as you have mentioned, although I am unsure as to whether Sherlock requires a valid P-wave 
to be verified before it will proceed to the real-time tracking of the magnietic tip. 


There will be a minority of patients who have unknown atrial fibrillation, and this will only be discovered during the process of setting 
up the Sherlock probe for use. I would expect this would be an unusual situation, as most patients are likely to have coincidentally 
had an ECG at some stage before a PICC line is inserted, but there will be occasions when either a patient has no coincident 
indication for an ECG (young patient with no comorbidity and not systemically unwell) or those in whom atrial fibrillation has 
developed recently prior to using Sherlock, and in whom such rhythm disturbances will have been missed by their previously normal 
ECG. 


In my view, the maximum benefit of a device such as Sherlock is that it brings an extra modality (magnetic tip tracking) to the consept 
of ECG tip location. This allows the practitioner to both follow the progress of the PICC as it passes through the central veins, but also 
provides greater precision in final tip positioning. It also allows those practitioners who may not be as confident at ECG interpretation 
(as is often reported by non-cardiac trained nurses, for example) to have an extra guidance modality to improve their confidence in 
such a technique. Therein lies an alternative interpretation of the term "when the P-wave is unclear" which might also include a P-
wave which is perfectly present, but the practitioner is less confident in that interpretation, and again, chest x-ray would always be 
used as a back-up option. 


There are those practitioners who use x-ray fluroscopy to guide their PICC placements (although I believe this is less common) and in 
a unit where this technique has been removed by the use of a device such as the Sherlock, then the logistical implications of the 
occasional need for fluroscopy in a patient in whom the P-wave was indistinct would be expected to be more complicated than 
merely obtaining a plain chest x-ray after the procedure. 


Dr Lisa Dougherty Identified: When ECG leads attached. Use Sherlock anyway: Yes that is what we would do 
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Ms Dympna McParlan We would still use Sherlock for tracking and check if the p-wave is clear. If not, a chest x-ray would be performed for confirmation? 


Question 2: We are unaware of current evidence on the number of PICCs placed annually in the NHS.  Hospital Episode Statistics data is available for the number of 
PICCs placed for inpatients, but not for outpatients. What approximate proportion of the total PICCs placed within the NHS are likely to be inpatients? (an educated 
guess is fine). Are there other data sources we should use? 


Expert Adviser Response / Comment 


Dr Richard Leech The number of PICCs placed in inpatients in our Trust is a relatively small number. Currently these patients are booked on a CEPOD 
list and the PICC is placed on an ad hoc basis. The main indication in this patient population is for prolonged antibiotic therapy (4-6 
weeks plus), treating conditions such as cellulitis, osteomyelitis, endocarditis etc. The vast majority of PICCs placed in our Trust (and 
probably the UK) are for out patient chemotherapy for the treatment of cancer. If the Trust is coding this properly the OPCS code for 
a PICC is L99.7. 


Dr Andrew Bodenham Numbers large and increasing at present vast majority inserted in hospital setting, but increasingly used outside.  Uncertain of data 
sources. 


Dr Tim Jackson I can only give you an educated guess, I would expect that in excess of 80% of PICCs are placed as inpatients. Many of those would 
possibly be sent home once their PICC was sited, but their treatment would continue on an outpatient basis. My experience is that 
most of the outpatient PICC insertions are likely to be performed in oncology patients, and as such I wonder if cancer networks have 
access to data which might further describe the total number. Failing that, there should be procurement data to describe how many 
PICCs are used in the NHS, which I would view as a surrogate estimate of the number of PICC insertions. One of the selling points of 
this technology is that it should reduce the number of failed insertion attempts, and I suspect the total number of PICCs used vs the 
number of patients having PICCs would be a crude reflection of the excess required due to failed insertions. 


Dr Lisa Dougherty really haven’t a clue – for us it is 80% outpatients but it might be 50/50 in acute trusts. Don’t know of other data sources. 


Ms Dympna McParlan Approximately 30% of PICCs placed within the NHS are likely to be inpatients. I am unaware of other data sources that could be used. 


Question 3: Some studies have a small percentage of patients where the Sherlock procedure stated that the catheter tip was placed correctly, but the chest x-ray 
found it was malpositioned. Once x-rays were no longer being carried out, what would the likely consequences be to these patients? Would the malposition be 
detected clinically? 


Expert Adviser Response / Comment 
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Dr Richard Leech Studies have shown that there is a marked variance in the interpretation of catheter tip position on Chest Xray depending on which 
doctor or radiologist is reviewing the Xray. The main difficulty is the due to the fact the Superior Vena Cava (SVC) joins the right 
atrium posteriorly. There are other cardiac structures superimposed over this area which can make Xray interpretation difficult. The 
3CG technology identifies where the Sino-atrial node is by the electrical signal generated by this specialised cardiac tissue. 
Theoretically this is a much more accurate method of correctly placing the catheter tip. 


Other long term vascular access catheters such as renal dialysis catheters are deliberately placed in the right atrium to ensure 
adequate blood flow during dialysis. Even if the PICC catheter tip was positioned in the right atrium it is unlikely to cause a major 
issue - it is a soft catheter. Malposition of the PICC so that the tip lies in the upper third of the SVC is more of an issue as this has been 
shown to increase infection and thrombosis risk. As far as I am aware PICCs placed with the Sherlock system are more likely to be 
"deemed" too long than too short on the confirmatory Chest Xray.  


Dr Andrew Bodenham Catheters can move on standing or later in days weeks ahead causing malfunction clinically or continue to work ok.  This is problem 
irrespective of how catheter sited originally. 


Dr Tim Jackson I would be suspicious of the logical basis of this statement. IF the assertion is that a chest x-ray RELIABLY concluded that the PICC tip 
was malpositioned this is a potentially significant conslusion, however published evidence suggests that ECG tip location technology is 
more reliable than plain x-ray confirmation, as there are more errors inherent in the interpretation of what are merely surrogate 
landmarks on a chets x-ray, therefore my initial interpretation of this comment is that (assuming the PICC inserter had used the 
Sherlock correctly) then I would doubt the significance of the chest x-ray finding. 


Alternatively, assuming the chest x-ray findings are valid, then the precise clinical significance of tip malposition would depend on 
various factors, from the degree of malposition - some authors use very tight criteria for tip positioning precision, others are more 
conservative; the more proximally a PICC tip is placed, the more the risk of luminal thrombosis, which is also associated with infection 
and subsequent occlusion of the central venous anatomy.  


These malpositions are unlikely to be detected clinically, unless the tip is positioned too far in (eg: inside the heart itself) in which 
case cardiac dysrhythmias can occur, and these may be detectable. Too proximal, and the formation of intraluminal thrombosis may 
be detectable if the patient had further ultrasound scanning to facilitate alternative intravenous access into a central vein. This 
problem is often clinically unapparent, and as such it is well recognised is under-diagnosed so that many clinicians do not fully 
appreciate the potential effects of catheter tip related thrombosis. 


Dr Lisa Dougherty Once x-rays were no longer being carried out, what would the likely consequences be to these patients? Would depend on where it 
was – could increase risk of DVT Would the malposition be detected clinically? Would be if it was in jugular as might get aural 
sensation, if too far then might get palpitations 
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Ms Dympna McParlan The likely consequence to a patient if the Sherlock procedure stated that the catheter tip was placed correctly, but the chest x-ray 
found it was malpositioned is delivery of infusate to the incorrect vein or increased risk of thrombosis. The outcome would depend on 
the type of infusate. The malposition may be detected through no venous return, discomfort expressed by the patient or chang in 
length of the device externally. 


Question 4: Do you feel that clinicians have confidence to abandon routine use of confirmatory chest x-rays if Sherlock 3CG TCS indicates that the PICC is correctly 
located? 


 


Expert Adviser Response / Comment 


Dr Richard Leech Like most advances in medicine there will be a period of scepticism when any new technology is introduced. Clinicians will soon 
realise that this is a more accurate method of placing all central venous catheters rather than using the ambiguity of the Chest Xray. 
In certain groups of patients with musculoskeletal abnormalities such as Kyphosis and Scoliosis where it can be impossible to 
interpret the Chest Xray it has a distinct advantage. 


Dr Andrew Bodenham Yes over time already happening. 


Dr Tim Jackson I believe that many clinicians will have confidence to change their practice to Sherlock-guided PICC placement, and indeed other 
forms of ECG-based tip-location technology. I believe the generic technology should be the way forward in improving precision in tip 
positioning. Nevertheles, our traditional reliance on the chest x-ray as the standard technique for confirming tip location will make 
this a leap of faith for many practitioners, and I have heard many place over-reliance on chest x-ray. I beleive there are the 
enlightened adopters of this (and similar) technology, but I also perceive there will be many who will take some convincing. 


Dr Lisa Dougherty Yes 


Ms Dympna McParlan Yes, I do feel that clinicians have confidence to abandon routine use of confirmatory chest x-rays when Sherlock 3CG TCS indicates 
that the PICC is correctly located if the method is properly evaluated. A thorough evaluation was performed using both methods in 
our department prior to abandoning routine chest x-rays. The results were demonstrated to clinicians and a decision was made to 
abandon routine chest x-rays based on the outcome of this evaluation. 


Question 5: How is the ECG trace from the external electrodes used during catheter placement? 


Expert Adviser Response / Comment 
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Dr Richard Leech This is used as a reference ECG. The p wave can then be compared with the p wave obtained as the catheter is advanced. When the p 
wave is maximal, the catheter tip is adjacent to the Sinoatrial node (SAN). It is becomes biphasic the catheter tip has advanced into 
the right atrium. Usually the operator will advance the catheter tip until the trace has become biphasic and then pull back to identify 
the point at which the p wave is maximal. 


Dr Andrew Bodenham Multiple electrodes needed to generate ECG trace 


Dr Tim Jackson This is an area that I have less knowledge of, having yet to have the chance to us ethe device "hands-on" but I believe they are used 
for comparison with the intra-catheter ECG electrode. This is analagous to the standard 3-lead electrode placement used for basic 
rhythm recognition on sick patients, instead one internal electrode is compared with 2 external ones. 


Dr Lisa Dougherty As a comparator for the internal trace 


Ms Dympna McParlan The ECG trace from the external electrodes is used during catheter placement to determine a baseline pre insertion and presence of 
a P-wave. It is used post placement to compare with the internal P-wave? 


Question 6: If a patient comes to a service that routinely uses Sherlock 3CG TCS who is known to have an unclear p-wave and be unsuitable for ECG tip confirmation 
using Sherlock 3CG TCS would you expect the PICC to be inserted using: 


 blind insertion plus chest x-ray 


 Sherlock insertion (using magnetic tip location) plus chest x-ray 


 fluoroscopy 


 other 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Sherlock insertion (using magnetic tip location) plus chest x-ray 


Dr Andrew Bodenham Any of the first three would be acceptable options.  Most centres are evolving and have mixed practice of theatre, ward and angio 
suite procedures.  Hospitals have not invested in staff or infrastructure to maximise efficiency of practices. 


Dr Andrew Johnston If it is a Power PICC, we would normally just use the Solo part of the technology. For patients who don’t need a Power PICC we insert 
blindly. All patients currently get a CXR after the procedure. 


Mr Andrew Barton Sherlock insertion (using magnetic tip location) plus chest x-ray 
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Dr Tim Jackson I do not work in a service that currently uses any form of ECG-based tip location technology, but I am familiar with the practice in 
some of the units that do, and my answer is based purely on that "second-hand" knowledge, and that of presentations on the subject 
at world conferences. I understand that there is variation in practice, but most units would tend to revert to their prior standard 
technique - this may include blind insertion plus CXR or fluoroscopy, the preference for which largely depends on historical practice 
and clinical skills. However there are a minority of units who have developed the skills to interpret the ECG in cases where the p-wave 
is indistinct (atrial fibrillation, for example) and can allegedly still use such technology even in these more challenging of cases. I do 
not know whether Sherlock units would use the magnetic element of Sherlock alone, and ignore the ECG element in such cases. 


Ms Dympna McParlan Sherlock insertion (using magnetic tip location) plus chest x-ray 


Question 7: Do you know your consumable equipment cost for blind insertion (without Sherlock) – not including ultrasound or x-ray. Preferably a complete cost for 
catheter, drapes, gown, dressings, lidocaine etc, but if this is unknown (don’t spend hours finding it), please give a cost for the PICC catheter that you use, if possible. 


Expert Adviser Response / Comment 


Dr Lisa Dougherty  Based on costings done for evaluation in 2013 


Old system (blind insertion) 


5Fr PICC at £80, MST at £36 and pack at £21 excluding VAT = £137 


4Fr PICC at £65, MST at £36 and pack at £21 excluding VAT = £122 


  


Sherlock 


5Fr SOLO PICC kit - contains full tray, MST, 3CG leads at £155.00 each excluding VAT 


4Fr SOLO PICC kit - contains full tray, MST, 3CG leads at £140.00 each excluding VAT 


Chloroprep (would need to be added to Bard packs) at 92p each  


  


We now add more as we don’t like certain items in the Bard pack  


Dr Andrew Bodenham I have no idea the procurement departments like to keep clinicians away from bidding processes as we might be considered biased. 


Mr Andrew Barton Previously to using Sherlock with SOLO PICCs the cost of the PICC I used which was a Bard Groshong PICC was about £65 and the PICC 
insertion pack which I had made by Vygon was around £18.00 plus  gloves and chloraprep the cost was approximately £95.  


Dr Tim Jackson I'll check this out and get back to you. 
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Ms Dympna McParlan The consumable equipment cost for blind insertion (without Sherlock) – not including ultrasound or x-ray was approximately £120.00 


Question 8: For the purposes of costing nurse time, how long would you estimate PICC insertion takes from opening the pack at the start of the procedure to fixing 
the catheter in place at the insertion point ready for use (with Sherlock) or x-ray. 


Expert Adviser Response / Comment 


Dr Lisa Dougherty  Using Sherlock 3CG TCS 20 minutes 


 Using blind placement 15 – 20 minutes 


Dr Andrew Bodenham Slightly more for Sherlock due to increasing set up time.  Our PICC nurses can do 4-5 procedures in a day to include all elements, 
depending on assistance available.  On half day list in theatre with full assistance one operator could to 8-10 cases if all set up, clean 
up etc done by others.  The insertion bit say 30 minutes is the quickest bit overall compared to setting up, cleaning up, admin, 
booking, discharge etc etc. 


Mr Andrew Barton  Using Sherlock 3CG TCS – 40mins 


 Using blind placement – 40mins - 1 hour 
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Dr Tim Jackson This can be very variable, however for a "typical" patient I would envisage a successful first-pass insertion to take less than an hour, 
but at least half an hour - including time for the XRay to be performed, developed and interpreted before the PICC is pronounced fit 
for use. assuming that such an easy insertion is similarly easy with Sherlock (and I see no reason why it shouldn't be) then I would 
envisage Sherlock would reduce that time by approximately 15 minutes in my clinical setting. 


It should be borne in mind that (as expanded in my answer to 6 below) that I practice in a unit which is largely Dr-led PICC insertion, 
performed in an operating theatre environment, and with the portable XRay machine coming to the patient within minutes of the 
completion of the insertion process. For many nurse-led procedures, the insertion occurs at the patient's bedside, and in this context 
radiation safety and logistics dictate that the patient is usually transferred to the Xray department to receive their Xray; anecdotally 
this can introduce a significant extra delay before the line is pronounced ready for use, and in this context the Sherlock poses 
potentially significant time-saving benefits. 


In terms of the "difficult" patient, I have known PICC insertion to take up to 2 hours of repeated attempts to insert, and thereafter it is 
possible that the Xray reveals malposition requiring a new attempt at insertion. The benefit of a device such as Sherlock in this 
situation is that Sherlock should alert the practitioner to the malposition before they resort to Xray, and hence those further attempts 
can be made at the same time. Sherlock doesn't make the procedure any easier in a difficult patient, it merely gives the practitioner 
more real-time information as to what the nature of the difficulty is, which should improve success and minimise time. I have no 
experience of how much time Sherlock could save in such situations, but it could well be significant in certain patients. 


Ms Dympna McParlan  Using Sherlock 3CG TCS – approx. 25mins 


 Using blind placement - N/A 


Question 9: If a PICC is identified as malpositioned (eg during chest x-ray), what method would be used to insert a new PICC: 


 blind insertion plus chest x-ray 


 Sherlock insertion (using magnetic tip location) plus chest x-ray 


 fluoroscopy 


 other 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Sherlock insertion (using magnetic tip location) plus chest x-ray – if I had used it to insert the PICC I would reuse to do a guide wire 
exchange or place a new one 


Dr Andrew Bodenham All of the above suitable plus flushing and changing patient position sometimes works. 
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Dr Andrew Johnston IF IT IS IN TOO FAR THEN IT IS SIMPLY A QUESTION OF PULLING THE PICC BACK. IF IT NEEDS COMPLETELY REVISING THEN THE 
DECISION REGARDING BLIND VS FLUROSCOPIC VS SHERLOCK 3CG WOULD DEPEND ON THE PATIENT. 


Mr Andrew Barton  If the PICC was placed without Sherlock in the first place, blind insertion plus chest x-ray would be used.  


 If the PICC was placed with Sherlock it would not be malpositioned.  


Dr Tim Jackson 4 Unfortunately, in my unit (blind insertion & CXR) there is little available alternative. First-pass success is related to the skill and 
experience of the practitioner, and therefore my general approach would be as follows: 


a) in certain specific cases of malposition (eg: internal jugular) attempt "power flush" technique then allow time for the patient's 
blood flow to re-position the line 


b) further attempt with more experienced practitioner at a 2nd sitting  


c) fluoroscopy in particularly challenging cases 


I assume that as your question presupposes a blind CXR technique, then I wouldn't be in a setting that is using Sherlock anyway, 
hence I have not included it in my answer. Clearly if I had used an ECG-based tip location device such as Sherlock, then I wouldn't 
routinely be performing the CXR that you mention unless there had been a failure of insertion in some way, and in that case, I would 
probably resort to fluoroscopy as I believe it is the gold standard to help define the precise nature of the obstruction to PICC 
advancement. 


Ms Dympna McParlan Sherlock 3CG TCS if the patient has a clear p-wave. Sherlock insertion (using magnetic tip location) plus chest x-ray would be used if 
the p-wave was not clear 


Question 10: When would you use fluoroscopy for PICC insertions at your site? Does this reflect wider NHS practice? 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Don’t use at all. In UK  may be used if PICCs inserted in a radiology department 


Dr Andrew Bodenham Either when routinely available on set piece list or when difficulties have arisen with blind placement or anticipated difficult. Yes see 
above discussion re organisation in hospitals. 


Dr Andrew Johnston IF WE KNEW THERE WERE VASCULAR ANATOMOY ABNORMALITIES OR IF WE CAN HAD A PREVIOUS MALPOSITION THEN WE MIGHT 
USE FLUOROSCOPY +- VENOGRAM. DEPENDS ON THE PATIENT 
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Mr Andrew Barton If the patient had difficult veins with a stenosis or such like, fluoroscopy would be used to visually guide the PICC into the correct vein 
using guide wires. This is common practice in the NHS and fluoroscopy is used in my Trust as a final resort when other techniques 
have been tried. In my Trust we place virtually no PICCs with Fluoroscopy. 


Dr Tim Jackson At my site, there are 2 circumstances in which fluroscopy would be used. 1 colleague routinely uses fluoroscopy as part of her 
standard practice. Although she acknowledges this is more costly and more complicated, she feels that it is the only way we currently 
have at our disposal of guaranteeing adequate tip location, and allows surveillance of catheter passage during the procedure. 
Otherwise, I personally reserve fluoroscopy for specific patients who are anticipated to be particularly difficult to pass the PICC, either 
due to known vascular anatomical abnormalities (rare) or if another practitioner has previously failed to successfully insert a PICC. As 
I am often referred the latter group of patients and my success rate is good without recourse to fluoroscopy, I rarely use this and my 
standard approach is ultrasound-guided venepuncture in the mid-arm, Seldinger technique and blind insertion followed by CXR. 
Overall, our unit's service is relatively in its infancy, and as such many of my colleagues are still on the learning curve. A recent audit 
has shown that tip-location accuracy is acceptable in approximately 50% of cases, and I aim to introduce some form of ECG tip-
location technology to improve this situation in due course. 


Ms Dympna McParlan We never use fluoroscopy for PICC insertions at our site. I am unsure if this is reflective of wider NHS practice 


Question 11: Who normally carries out PICC insertion at your site? Does this reflect wider NHS practice? 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Nurses, yes mostly nurses in UK 


Dr Andrew Bodenham in oncology majority by picc nurses 15-20 per week in ward without ecg or flourscopy guidance.  Other specialities patients in theatre 
or angios by medical/nursing staff with fluoroscopy.  If organisation invested in staff and service would likely to become largely ward 
based procedure for all specialities.  Similar issues across NHS I think, some hospitals much better organised with formal team etc 
than others 


Dr Andrew Johnston A TEAM OF SPECIALIST NURSES. 


Mr Andrew Barton Nurse led vascular access team.  
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Dr Tim Jackson PICC insertion is carried out by 2 groups of practitioners at my site - in our oncology outpatient unit it is carried out by a handful of 
experienced nursing staff. The service provided to all non-oncology patients in the organisation is provided by a group of consultant 
anaesthetists on an ad-hoc basis, in an operating theatre environment. I do not know exactly how reflective this is of wider NHS 
practice, however I believe that there is wide variety in the models of service provision around the country. I am not aware of any 
data to support this answer (although I am aware of audits that may be in progress to answer the question) and therefore my hunch 
(based on links with NIVAS and the general professional backgrounds of those attending specialist vascular access courses & 
conferences) would be that most dediacted PICC-placement services in the UK are provided by nurses, with a relative minority being 
anaesthetists, and an even smaller minority being interventional radiologists and specialist services (eg: nutrition teams etc) 


Ms Dympna McParlan The Infusional Services nurse always performs the PICC insertion at our site. This is reflective of the majority of wider NHS practice. 


Question 12: When searching the FDA (MAUDE) database of reported adverse events for Sherlock in the USA, we have found the following: 


 29 reports of the wire, wire tip or stylet being broken or damaged during use 


 23 reports of adverse patient reactions, usually involving shortness of breath and a flushed face, and resolved with minimal intervention and a brief delay to 
treatment. 


The FDA (MAUDE) database lists all reported events as entered by the reporting person, and are normally not verified, or with additional information available. The 
version of the device is not always known. 


Have you any experience of these or other adverse events using Sherlock 3CG TCS? 


Would you consider that they raise significant safety concerns for the device? 


Expert Adviser Response / Comment 


Dr Andrew Bodenham I have limited experience with kit.  Can I send this to colleagues who use it routinely for input? 


(EAC: I think it is better not to circulate the questions, we have also asked other expert advisors and had some response. Thank you 
for your willingness to help though.) 


Ok I am meeting with folk tomorrow on teaching day who use the devices and will just ask general questions re reliability for some 
informal feedback. 


Mr Andrew Barton I  can’t say I have experienced any adverse reactions using the Sherlock system but I did  have  6 failed ECG leads during the initial trail 


Ms Dympna McParlan No reports of the below or any other adverse events have been experienced in our department while using Sherlock 3CG TCS. 
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Dr Lisa Dougherty we haven’t had any adverse events involving the Sherlock and was surprised to read the reports. 


 I would consider the device to be very safe and all PICCs have a wire in so not sure what reported incidents PICCs have as a whole? 


Question 13:  (to Dr Lisa Doughty only) Can I just check about the wire in all PICCs - do all (non-Sherlock) PICCs have a guidewire along their entire length for the 
whole procedure process? 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Yes they do 


Question 14:  (to Dr Lisa Doughty, Andrew Barton, Dympna McParlan  only, sent 12/9/2014) For the patient, there is likely to be a longer time from the start of PICC 
insertion to tip confirmation if an x-ray is required, than if Sherlock 3CG TCS is used to confirm tip position at bedside. 


Would the PICC nurse be involved in the x-ray procedure at all (including accompanying the patient etc)? 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Would depend – I verify my own x rays but many nurses would need to seek a doctor to verify tip 


Mr Andrew Barton In my Trust I have accompanied the patient for a chest x-ray if I want to speed up the process but usually a porter is sent to bring the 
patient to radiology, the patient will placed in a queue and sent for when radiology are ready.  


Ms Dympna McParlan The only involvement the PICC nurse would have if an x-ray is required is interpreting the x-ray and signing off the patient. 


Question 15:  (to Dr Lisa Doughty, Andrew Barton, Dympna McParlan  only, sent 12/9/2014) 


Would the PICC nurse time be any different for a Sherlock 3CG TCS procedure where chest x-ray was still used for tip confirmation vs a Sherlock 3CG TCS procedure 
without chest x-ray? 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Only the extra time waiting for x ray to be done – I use the time to do my documentation so slightly less time if no CXR 


Mr Andrew Barton If Sherlock TCS was used without the ECG component of the procedure than achest x-ray would be indicated and take time however 
time and money would be saved in the long run because the PICC would not need to repositioned from the IJ etc.. 


Ms Dympna McParlan The PICC nurse time would be increased if a chest x-ray was used for tip confirmation vs Sherlock 3CG TCS as the patient would 
return to the department following x-ray for interpretation and signing off. While this usually happens quite quickly it is unpredictable 
depending on Radiology workload. 
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Dr Andrew Johnston (Johnston et al. 2013, 2014) 


 
In your paper you report various malposition rates for 
PICC based on retrospective review of chest 
radiographs by two independent observers. Do you 
have any data regarding the number of PICCs in the 
cohort that were actually re-positioned or the number 
that were removed and a second PICC inserted due to 
malpositioning? 


We only looked at primary malposition immediately post 
insertion and therefore I don’t know the number that 
were repositioned. Most of the malpositions were 
because they were too far and so only needed a simple 
‘pull back’. 


 


 


 
We have been reading the paper further and would be 
very grateful for some clarification of the tables 2 and 
3. In particular 


 is the category high right atrium, a subset of 
right atrium (total),  


 in table 3, are all right atrium placements 
included as a correct placement for the second 
criteria, and 


 how are the figures for placements that were 
too far and too short calculated in the 
paragraph after table 3? 


There seem to be some differences with how the 
positions are categorised compared with the previous 
paper “Defining peripherally inserted central catheter 


I’ve answered the questions below – you have correctly 
identified some mistakes in the manuscript which have 
now been corrected – the overall malposition rates are 
correct. 
We have been reading the paper further and would be 
very grateful for some clarification of the tables 2 and 3. 
In particular 


 is the category high right atrium, a subset of right 
atrium (total), 


 Unfortunately, a mistake has crept in to Table 2  - 
I have contacted the Editor to make the change 


 Right Atrium (total) should read High Right 
Atrium (upper 2 cm) (the values are still correct 
i.e. 63) 


Corrected in 
assessment 
report 
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tip position and an evaluation of insertions in one unit” 
published in 2013. In the 2013 paper, table 2 figures 
add up to give the total number of PICC placement only 
if the high right atrium figure is excluded, in the 2014 
paper the high right atrium placements must be 
included in the summation to give the total number of 
PICC placements. 
I am concerned that I may not be correctly interpreting 
what was found in your paper, and would appreciate 
your input.  


 


 High right atrium (upper 2 cm) should read Low 
Right Atrium (below 2 cm) (the value is correct 
i.e. 39). 


 All the malpositon calculations are correct 


 in table 3, are all right atrium placements 
included as a correct placement for the second 
criteria, and 


Table 3 is correct given the above information – only high 
RA positioning is deemed as adequate 


 how are the figures for placements that were too 
far and too short calculated in the paragraph 
after table 3? 


These figures should read: 
If a catheter was misplaced with the Sherlock 3CG, it was 
significantly more likely to have been inserted too far as 
opposed to left short (too far vs too short: 40/239 vs 
9/239, p < 0.0001). Again, the Editor has been informed 
of this 
 
There seem to be some differences with how the 
positions are categorised compared with the previous 
paper “Defining peripherally inserted central catheter tip 
position and an evaluation of insertions in one unit” 
published in 2013. In the 2013 paper, table 2 figures add 
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up to give the total number of PICC placement only if the 
high right atrium figure is excluded, in the 2014 paper the 
high right atrium placements must be included in the 
summation to give the total number of PICC placements. 
I am concerned that I may not be correctly interpreting 
what was found in your paper, and would appreciate 
your input. Hopefully this is now clearer given the above 
corrections 


 


Mr Andrew Barton (Barton, 2014) 


 
I have read your abstract from WoCoVA 2014, Berlin 
and in addition the sponsor, Bard, has forwarded some 
additional data that you have collected (attached). So 
that we may properly understand the data and present 
it correctly to NICE can you please help me with a few 
queries? Sorry for presenting you with a list of tedious 
questions, but it’s probably a sensible way to do it, as I 
have applied a degree of guesswork: 
 
1. Your abstract is clear that you evaluated 65 


procedures in the study, then continued to 225 
before routine x-ray was discontinued. In 
the  additional data (attached) does this represent a 
total series of 415 procedures (though the sum of 


 
1. From the 29/3/13 to 13/1/14 282 lines were 


placed. 37 of these lines were 3fr midlines or 
other vascular access devices. 225 we PICCs all 
placed with the Sherlock device. Of the 225 PICC 
placed with the Sherlock device all were x-rayed 
and were in the correct position. From the 
13/1/14 we went x-ray free. 
 


2. fr = the French of the catheter of the diameter. 
 


3. Tun = tunnelled line, not related to the Sherlock 
technology. 
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the cells above is 418)? If so does this represent a 
failure rate (tip cannot be located in the SVC) as 
follows? 
(1+11)/418 = 2.9% (i.e. 12 failures) 
I suppose we can’t derive a ‘success rate’ for the 418 
(or 415) procedures as only 225 of them had a 
confirmatory x-ray. Is this correct? 


2. Do the terms 3fr – 6fr simply refer to the PICC 
diameter (French / Charriere system)? 


3. Does ‘tun’ refer to a failed Sherlock attempt such 
that you then instead inserted a tunnelled central 
venous line (i.e. not a PICC)? 


4. Are there 11 cases where the PICC was located 
based on the magnetic tip sensor alone (no ECG)? 
Would these require confirmatory x-ray? 


5. It looks as though there were 5 cases of atrial 
fibrillation. Were these patients with known AF in 
whom Sherlock procedures were attempted, or 
were they incident cases of AF during (or caused by) 
the procedure? 


6. What do you class as failure of ECG electrodes (6 
cases) is that they won’t stick on / will fall off? 


 
4. They would be x-rayed, this is because either the 


electrodes didn’t work or the patient didn’t have 
a p wave.  
5 AF and 6 faulty electrodes = 11. 
 


5. The patient already had existing AF, known or 
unknown, the procedure would not induce AF 
 


6. The electrode connections were faulty. 


 


 


 


 


 
Dear Andrew, 
 
As you know, we have read your abstract from 


Dear Andrew, 
 
Thank you for the very helpful explanations yesterday. I 


Clarified 
information in 
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WoCoVA 2014, Berlin. Is there any other report on this 
work, either published or unpublished, or slides from 
the presentation that you would be able to share with 
us?  When necessary, information can be regarded as 
academic or commercial in confidence. This would be 
shared with the MTAC committee in private, but would 
be redacted from the published report. 
 
The abstract states that the confirmatory chest x-rays 
showed correct placement in 100% of the 65 trial PICCs 
and the subsequent 225 PICCs. I infer that these all 
PICCs where Sherlock 3CG TCS was used for placement, 
including use of ECG for confirmation of the tip 
position. We are also interested in the number of 
successful placements for total PICCS  
e.g. for all patients who had a PICC in that time period:  


 the number that were identified as unsuitable 
for Sherlock 3CG TCS (for instance unclear p-
wave),  


 the number where Sherlock 3CG TCS was set 
up, but ECG confirmation was not possible  


The database summary notes 5 cases of AF and 6 of 
electrode failure, could you confirm if this is in addition 
to the 290 in the abstract and if there are other cases 
where Sherlock 3CG TCS was not used for ECG 


will try to summarise the key points below, please let me 
know if there are any amendments you would like to 
make. There are a couple of queries in bold, where I’m 
afraid my notes didn’t make complete sense. 
 
Initial trial numbers: 65 PICCs placed using Sherlock 3CG 
TCS for tip placement confirmation, 100% successful 
placement, judged by chest x-ray 
Subsequent trial numbers: Total of 225 PICCS placed 
(including initial 65) using Sherlock 3CG TCS for tip 
placement confirmation, 100% successful placement, 
judged by chest x-ray 
Successful placement: Acceptable tip position judged by 
chest x-ray, with not replacement, repositioning or pull-
back of the catheter.  
Acceptable tip position: Lower third of Superior Vena 
Cave, or cavoatrial junction. Although the right atrium is 
not in the definition, it would not be a problematic 
placement, and in practice it is difficult to distinguish if 
the tip is in the right atrium, or the cavoatrial junction on 
the x-ray. 
When Sherlock isn’t used, or ECG is not possible for tip 
confirmation: 


 Where Sherlock 3CG TCS is not used at all for 
placement, then protocol for PICC placement 


abstract 
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confirmation of tip position during PICC placement? 
 
It might be easier to clarify this by telephone, if so 
please let me know when is a good time to contact you, 
or alternatively phone Cedar on the number below. 
Thank you for your assistance.  


 


would now be using fluoroscopy.  


 During the complete (n=225) trial period, an 
additional 2 PICCs were placed using fluoroscopy, 
not using Sherlock 3CG TCS (giving n(Total PICCs) 
= 227). All other PICCs placed in this period used 
Sherlock 3CG TCS. 


 From the introduction of Sherlock 3CG TCS to the 
latest completion of the database, only 11 
patients have required a chest x-ray due to 
failure of Sherlock 3CG TCS to confirm tip 
location. 5 were due to AF which was detected 
during the PICC procedure, 6 were due to faults 
in the electrode connections. For these patients 
Sherlock 3CG TCS was used for magnetic tip 
placement, and a chest x-ray was used for tip 
location confirmation. They did not require 
placement with fluoroscopy? 


 Sherlock 3CG TCS was used on two paediatric 
patients, outside the scope of Instructions for 
Use, and therefore these required a chest x-ray. 
Are these additional to the 11 above? 


 
Previous to using Sherlock 3CG TCS it was common 
practice to intentionally insert the catheter slightly 
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further than required and then pull back to the correct 
position after the chest x-ray. Pull back would have been 
performed in about 80% of cases, but now is not 
required. 
 
Very few patients are seen with AF in this location, it will 
vary from site to site, some may have much higher 
number of patients where ECG tip confirmation is not 
possible. 
 
Cedar will not use the additional information provided by 
Bard in the form of the database and database summary, 
as it does not cover exactly the same time frame as the 
trial, includes additional catheter insertions and does not 
give tip location outcomes.  
 
The change in the p-wave on the ECG trace is due to the 
position of the catheter tip relative to the sinoatrial node 
as the catheter enters the right atrium. There will be a 
difference between the two ECG traces on the monitor. 


 


Meinir Hughes 
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We are aware of your paper Reducing PICC migrations 
and improving patient outcomes in the British Journal 
of Nursing that includes cost data for PICC placement. 
 
 I would be very grateful if you could supply some 
additional information and cost breakdown for this 
statement under PICC migration in the cost analysis 
‘The cost of a single PICC placement (inclusive of staff 
and X-ray costs) is: £250.’ 
 
Also, is there any other report on this work, either 
published or unpublished that you would be able to 
share with us.  


Phone call to Meinir Hughes, resulting in sharing of 
costing for single PICC placement calculation, giving 2010 
cost of £250 per PIOC.  


Additonal 
information 
mentioned in 
assessment 
report. 


Questions to NHS sites using Sherlock 3CG TCS 


 
 How long has Sherlock 3CG TCS been used at your 


site? 


 Has training been completed yet for staff who use 
Sherlock 3CG TCS? 


 Approximately how many PICC procedures (in-patient 
and out-patient) have been carried out at your site 
using Sherlock 3CG TCS? 


 Are chest x-rays routinely used with Sherlock 3CG TCS 
to confirm PICC placement at your site? 


Responses are included in full in external assessment 
report. 
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 Do you have any comments to make about Sherlock 
3CG TCS and your experience of using it? 
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MT 234 Sherlock 3CG TCS: Supplementary Correspondence Log 


Late responses to a request for expert advice by the EAC – sent September 12 2014 


Sent to:  Andrew Barton 


  Dr Lisa Dougherty 


  Dympna McParlan 


  


Question 14:  (to Dr Lisa Doughty, Andrew Barton, Dympna McParlan  For the patient, there is likely to be a longer time from the start of PICC insertion to tip 
confirmation if an x-ray is required, than if Sherlock 3CG TCS is used to confirm tip position at bedside. 


Would the PICC nurse be involved in the x-ray procedure at all (including accompanying the patient etc.)? 


Dr Lisa Dougherty Would depend – I verify my own x rays but many nurses would need to seek a doctor to verify tip 


Mr Andrew Barton In my Trust I have accompanied the patient for a chest x-ray if I want to speed up the process but usually a porter is sent to bring the patient 
to radiology, the patient will placed in a queue and sent for when radiology are ready.  


Ms Dympna McParlan The only involvement the PICC nurse would have if an x-ray is required is interpreting the x-ray and signing off the patient. 


Question 15:  (to Dr Lisa Doughty, Andrew Barton, Dympna McParlan :Would the PICC nurse time be any different for a Sherlock 3CG TCS procedure where chest x-
ray was still used for tip confirmation vs a Sherlock 3CG TCS procedure without chest x-ray? 


Expert Adviser Response / Comment 


Dr Lisa Dougherty Only the extra time waiting for x ray to be done – I use the time to do my documentation so slightly less time if no CXR 


Mr Andrew Barton If Sherlock TCS was used without the ECG component of the procedure than achest x-ray would be indicated and take time however time and 
money would be saved in the long run because the PICC would not need to repositioned from the IJ etc.. 


Ms Dympna McParlan The PICC nurse time would be increased if a chest x-ray was used for tip confirmation vs Sherlock 3CG TCS as the patient would return to the 
department following x-ray for interpretation and signing off. While this usually happens quite quickly it is unpredictable depending on 
Radiology workload. 







[Double click to insert footer here]  37 of 40 
 
 


Appendix 1  


[MT 234 Sherlock 3CG TCS, Meeting with Bard 
Tuesday 22nd  July 2014 


 
Cedar:   Megan Dale, Andrew Cleves, Grace Carolan-Rees, Susan Peirce 
Bard:     Rachel Spiller, Chengetayi Pswarayi 


These are notes from the informal discussion, organised into topic headings. There is not attempt to comprehensively cover each topic, merely record the 


information passed to Cedar. 


When to use a PICC? 


 when the infusion would damage the vein otherwise eg nutrition, chemotherapy and some antibiotics 


 in intensive care where a lot of drugs need to go into the system quickly 


PICCs have a lower infection rate than insertion at the jugular vein. 


Insertion point is normally above the elbow, so arm movement doesn’t cause too many problems. Ultrasound is needed for insertion at this site. 


System components 


The PICC comes as a full sterile tray with all the disposables required including gloves, drapes, tape measures etc. This includes safety needles and safety 


scalpels. (There is a non-safety pack for doctors for some catheters, but this is not available for Sherlock). EPIC 3 guidelines require full drapes 


The stand, netbook, sensor and printer are available at a list price of £9,900 excl VAT. There is also a loan option, where the capital equipment is provided 


with a contract for consumables. Actual price paid will vary depending on volume and what other Bard products the Trust purchases. Many English Trusts 


buy such items via procurement Hubs. 
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The printer will produce an image of the ECG signal at the point of placement, or this can be saved and exported as an image file. The purpose of the 


external ECG was unclear to Cedar as the change in P-wave was described as occurring in both ECG signals simultaneously. 


Training is included in the purchase price. 


Sherlock 3CG TCS has also been introduced into Scandinavia, Italy, France and Spain at the same time as the UK. 


Catheters 


More lumens have a higher infection risk, as each lumen must be flushed even if only one is used for infusion. 


PowerPICC catheters can be used for CECT imaging, where a better image is obtained if contrast medium is injected fast, and under pressure. Traditionally 


PICC catheters were unable to be used for this, as they were not strong enough, however PowerPICC type catheters can be used. Where there are single or 


double lumens, any lumen can be used. For triple lumen PowerPICC catheters only one lumen is suitable for power injection. 


Using Sherlock 3CG TCS and system display 


Ultrasound is used to visualise the vein for insertion (NICE guidelines). In the UK this will be whatever system the centre currently uses and is separate to 


the Sherlock system. 


If there is no Sherlock the ultrasound can also be used on the jugular to check that the PICC has not gone here, but it will not always show up. 


The external ECG electrodes and connecting fin are disposable and included in the procedure pack. The fin slides onto the Sherlock sensor. This is then 


placed in a bag and secured to keep the device clean, and the device placed on the patient and covered with a drape. The ECG connection from the catheter 


connects to the fin by piercing through the drape and bag, to maintain the sterile field. 


The Sherlock display screen shows the position and orientation of the stylet relative to the external sensor and also, on a separate section of screen the 


depth of the stylet in the body. These positions are all relative to the sensor, so correct positioning is important. There is also an audio signal but most users 


turn this off. Depth may be misleading / difficult to interpret in morbidly obese patients. The device is for adult use only, however clinicians will make a 


clinical decision on how appropriate its use is, for example for a larger, older child. 
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Positioning the catheter 


The positioning that they teach is 2 cm from the cavoatrial junction. If it is in too far it may cause arrhythmias, if it is too short then it can irritate the smaller 


vessels. The exact positioning may depend on the patient and the use of the catheter. For oncology it may be in situ for more than 6 months with damaging 


drugs infused and the position is more important. In ITU where it will be in place for a couple of weeks the accuracy may not be as critical. 


Sometimes the catheter may double back on itself, for instance if it cannot pass through a valve, but still appear to feed into the vein.  


Malposition rate is very variable between hospitals. There are two main types: 


Gross malposition – the catheter may go into the jugular or contra-laterally. Techniques such as lying the patient’s head to one side or the valsalva 


manoeuvre may avoid or correct malpositioning in the jugular. PICCs are mainly inserted on the right hand side as the anatomy is easier to position the 


catheter correctly. 


Other – some teams will routinely place the PICC a bit longer, giving them the option of pulling out a small distance at X-ray. Some will expect to do this on 


up to 85% of PICCs, as this can be done easily. If the PICC is too short it would have to be removed and the procedure repeated. 


When using Sherlock the advice is that if there is any doubt about the position always get an X-ray. Practice following malposition varies across Trusts. If 


PICC placement by radiologists is common then fluoroscopy may be used. A ‘flip-down’ procedure with fluoroscopy may be attempted in which the patient 


performs a Valsalva manouvre in order to push the PICC tip downward. In other Trusts where only nurses place PICCs it is likely that the PICC will be 


removed and a new insertion procedure used. 


AP planar X-rays may not show catheter position unequivocally. Richard Williams at Liverpool has conducted a study evaluating the use of planar X-rays for 


checking catheter position. Without a system for checking the position, malposition may be identified by arrythmias, localised pain and difficulty 


withdrawing blood or infusing via the catheter. 


Malposition may also occur due to movement once the PICC is in place. Symptoms may include not being able to infuse easily, or to take blood. In this case 


an X-ray is required to investigate. On placing the PICC the amount of catheter remaining outside the insertion site is recorded, and therefore movement of 


the catheter into or out of the body can be ascertained. 
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Training 


In the UK it is mainly nurses who place PICCs. Some hospitals place around a 1000 PICCs annually. 


Bard have been holding training workshops for 19 years. 


On introducing Sherlock to a new setting the Bard trainer would be present over a two week period. they can also train new members of a team where 


Sherlock is already used. There is an online course, followed by a presentation including ECG interpretation, then practical demonstrations and training with 


patients. Different users will take different lengths of time before feeling confident with the Sherlock system and to stop using X-rays routinely.  


Trusts may require annual re-training (to account for new staff) and capability assessment. 


Training is included in the purchase of the Sherlock 3CG TCS system, including additional training for new staff members. 


Information to be forwarded by Bard when available, but by Friday 25th July at the latest: 


 information about the NHS audit – how and when the data was collected (done) 


 data for Symington, Strewart and Barton studies (done) 


dates for FDA approval of different version (please check against my table) 
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Medical Technologies Evaluation Programme 
 


MT 234 - Sherlock 3CG Tip Confirmation System for placement of peripherally inserted central catheters 
 


Expert Adviser Questionnaire Responses 
 
 


Name of Expert Advisers Job Title Professional Organisation/ 
Specialist Society 


Nominated by Ratified 


Mr Andrew Barton 


 


Clinical Nurse Specialist Nursing and Midwifery 
Council 


Sponsor Yes  


Dr Andrew Bodenham Consultant in Anaesthesia and 
Intensive Care Medicine 


National Infusion and 
Vascular Access Society 


Specialist society - 


Dr Lisa Dougherty Nurse Consultant  National Infusion and 
Vascular Access Society 


Sponsor Yes   


Ms Dympna McParlan Infusion Services Coordinator Nursing and Midwifery 
Council 


Sponsor Yes 


Dr Tim Jackson Consultant Anaesthetist National Infusion and 
Vascular Access Society 


Specialist society - 


Dr Andrew Johnston Consultant in Intensive Care. 
Medical Lead Vascular team   


Royal College of 
Anaesthetists 


Sponsor  Yes  


Ms Elizabeth Elfleet  Advanced Radiographer 
Practitioner  


Society of Radiographers  NICE Yes  


Dr Richard Leech Consultant Anaesthetist  Royal College of 
Anaesthetists 


Sponsor  Yes  


Professor Richard 
McWilliams 


Consultant Vascular Radiologist Royal College of Radiologists Sponsor Yes 
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YOUR PERSONAL EXPERIENCE (IF ANY) WITH THIS TECHNOLOGY 


Question 2:  Please indicate your experience with this technology? 


Expert Advisers 
I have had direct 


involvement with this 
I have referred patients 


for its use 


I manage patients on 
whom it is used in 


another part of their 
care pathway 


I would like to use this 
technology but it is not 


currently available to me 


Mr Andrew Barton 


Clinical Nurse Specialist   


Yes  Blank  Blank  Blank  


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Yes  Blank  Blank  Yes  


Dr Lisa Dougherty 


Nurse Consultant  


Yes  Blank  Blank  Blank  


Ms Dympna McParlan 


Infusion Services Coordinator 


Yes  Yes  Blank Blank  


Dr Tim Jackson 


Consultant Anaesthetist 


Blank Blank Blank Yes  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Yes  Blank  Blank Blank  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner  


Yes  Blank Blank Yes  


Dr Richard Leech 


Consultant Anaesthetist 


Yes  Blank  Blank  Blank  


Professor Richard McWilliams 
Consultant Vascular Radiologist 


Yes Blank Blank Blank 


Any Comments? 
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Mr Andrew Barton 


Clinical Nurse Specialist   


Blank  


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Blank  


Dr Lisa Dougherty 


Nurse Consultant 


Blank  


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank  


Dr Tim Jackson 


Consultant Anaesthetist 


Blank 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


The vascular access team at Addenbrooke's hospital has used this technology for many hundreds of 
PICC insertions - primarily in ICU patients who are know to have a higher PICC malposition rate that the 
general hospital population 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


I have attended the training for this equipment and intend you use it for my Professional Doctorate 
Research Project to evaluate the cost and patient benefit. The equipment will be on loan from Bard and 
is currently awaiting Directorate approval. 


Dr Richard Leech 


Consultant Anaesthetist 


I have attempted inserting 6 PICCs using this system. The catheter tip in 5 of them was perfectly 
positioned and confirmed with fluoroscopy. The Sherlock system correctly identified that the 6th 
catheter kept entering the left Internal Jugular vein instead of passing into the left subclavian (from the 
left basilic). Under direct fluoroscopy this proceeded to be a very difficult insertion due to a stenosis of 
the left subclavian vein. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


I support the venous access team who use this device. I have been involved in the process whereby 
this technology was introduced to our hospital and I am involved in the audit which will hopefully allow 
us to stop performing CXR after PICC insertion based on performance 


 


 


Question 3:  Have you been involved in any kind of research on this technology? If Yes, please describe? 


Expert Advisers Yes/No Comment 
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Expert Advisers Yes/No Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


No  Blank  


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


No  Blank  


Dr Lisa Dougherty 


Nurse Consultant 


No  Blank  


Ms Dympna McParlan 


Infusion Services Coordinator 


No  Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


No  Blank  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Yes  We have done a service evaluation of 250 ICU PICC insertions using the Sherlock 3CG 
technology and have compared the malposition rate (as defined with post insertion chest 
radiograph) with our own historical data which used anthropometric techniques for 
posiitioning PICCs. These data are due to be puiblished in a peer reviewed journal. This 
technology does reduce the malposition rate but does not remove it - in my opinion 
patients still need a post insertion chest radiograph. 


Ms Elizabeth Elfleet 


Advanced Radiographer 
Practitioner 


Yes  I am in the project planning stage of a Professional Doctorate and have completed a 
literature review of new technologies in PICC placement. 


Dr Richard Leech 


Consultant Anaesthetist 


No  Blank  


Professor Richard McWilliams 


Consultant Vascular Radiologist 
No I have been involved in research aimed at assessing the value of CXR in determining the 


location of the cavo-atrial junction. 


 
 


THIS PRODUCT (TECHNOLOGY) AND ITS USE 


Question 4:  How would you best describe this technology? 
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Expert Advisers 


It is a minor variation on 
existing technologies with little 
potential for different outcomes 


and impact 


It is a significant modification of an 
existing technology with real 


potential for different outcomes 
and impact 


It is thoroughly novel - different 
in concept and/ or design to any 


existing 


Mr Andrew Barton 


Clinical Nurse Specialist   


Blank  Blank  Yes  


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Blank  Yes  Blank  


Dr Lisa Dougherty 


Nurse Consultant 


Blank  Blank  Yes  


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank Yes  Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


Blank Yes  Blank  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


No  Yes  Yes  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


No  No  Yes  


Dr Richard Leech 


Consultant Anaesthetist 


Blank  Blank  Yes  


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Blank Yes Blank 


Any Comments? 


Mr Andrew Barton 


Clinical Nurse Specialist   


Blank  
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Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


There are other commercially available devices which provide 


1. ECG element of guidance e.g. Vygon device,  


2. and ultrasound which can provide some guidance of the device into the chest as an alternative to the 
electromagnetic sensor.  The cost effectiveness of these competing devices should be considered. 


Dr Lisa Dougherty 


Nurse Consultant 


Blank  


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


I understand this technology modifies the use of ECG tip location technology (available from other 
manufacturers) but includes magnet-based location to enhance the information given. 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Other manufacturers have introduced ECG technology for positioning PICCs, this is the only technology 
that combines the magnetic and ECG approach - both of these technologies contribute to the improved 
malposition rate. 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


This is a combination of two existing technologies - ECG tip confirmation and tip location to provide a 
complete replacement for radiographic confirmation. 


Dr Richard Leech 


Consultant Anaesthetist 


It is novel. Other systems on the market only identify where the catheter tip is positioned once it has 
entered the subclavian vein/superior vena cava. The Sherlock 3CG also identifies if the catheter tip 
passes above the clavicle, below the clavicle or to the opposite side of the chest within the vascular 
system. Correct tip position in the lower third of the SVC is then confirmed with ECG changes (peaked P 
wave) 


Professor Richard McWilliams 


Consultant Vascular Radiologist 
ECG guidance of tip position has been reported for years but the combination of navigation and P wave 
monitoring is novel. 


 


Question 5:  What is the most appropriate use (e.g. clinical indication) for the technology? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


The placement of PICC lines accuratley and safely, which removes the need to use x-ray or fluroscopy. 
The technology can be used to snsure the PICC is sited in the correct position so that at the end of the 
procedure the PICC line tip placemnt can be confirmed and the line used straight away. 
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Expert Advisers Comment 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Ward based insertion of PICCs where there is typically no xray guidance. 


Dr Lisa Dougherty 


Nurse Consultant 


We use this with all PICC placements  


Ms Dympna McParlan 


Infusion Services Coordinator 


Tracking and tip confirmation for placement of PICCs in Oncology/Haematology patients requiring 
chemotherapy and a variety of intravenous medications. 


Dr Tim Jackson  


Consultant Anaesthetist 


This device is intended for use with a specific make of PICC to aid bed side insertion to the correct 
length without need for any form of X-ray to confirm the position (?) . it is used in routine medium to 
longterm vascular access ( eg chemotherapy, antibiotic therapy, TPN) to ensure correct placement. 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Patients having PICCs inserted without fluoroscopic control would benefit from this technology. The 
only PICCs that can be inserted with this technology are Solo Power PICCs (valved PICCs that 
anecdotally may have a higher blockage rate) 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


This technology is applicable for any PICC line placement with the exception of patients where a 'P' 
wave is intermittent or not observed on their baseline ECG. 


Dr Richard Leech 


Consultant Anaesthetist 


Many patients would benefit from a PICC if they are receiving intravenous therapy for more than 7 days. 
The main advantage of PICCs (and other long term vascular access devices (LTVA)) is that the patient 
can be treated in the community rather than in hospital. The most common indications for clinicians 
requesting a PICC are: 
Oncology patients receiving chemotherapy 
Respiratory patients with long term conditions such as bronchiectasis 
Orthopaedic patients with osteomyelitis/joint replacement infections 
Medical patients with cellulitis 
Cardiac patents with subacute bacterial endocarditis 
Surgical patients requiring several weeks of TPN 
 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


PICC placement in hospital settings. I think this is ideally in a dedicated unit. 


 


COMPARATORS (including both products in current routine use and also “competing 
products”) 







 


Page 8 of 36 


Question 6:  Given what you stated is the appropriate indication (clinical scenario) for its use, what are the most appropriate 
"comparators" for this technology which are in routine current use in the NHS? 


Expert  Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


I am not aware of any other device or technology which comparable. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


1.  Placement of devices with no technological aids.  Experienced operators will use patient position, 
breathing, external measurements of tape measure laid over the arm and chest and experience to get 
catheters in a reasonable position in a high proportion of cases 90% plus. 


2. Other ECG guidance systems from other manufacturers. 


3. The use of ultrasound guidance to guide devices centrally.  Ultrasound is typically used to access 
upper arm veins so could be considered as already financed in most cases. 


4.  Any other commercially available magnetic or other guidance systems.  I have not searched all 
sources to identify these. I am aware of some transillumination devices. 


Dr Lisa Dougherty 


Nurse Consultant 


I am aware there are other systems that use ECG technology but not the tracking but otherwise we 
would send patient for a chest X ray 


Ms Dympna McParlan 


Infusion Services Coordinator 


Chest X-Ray 


Dr Tim Jackson  


Consultant Anaesthetist 


Static chest x-ray to confirm placement or fluoroscopy 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


1. Blind insertion using anthropometric techniques (a common technique but high malpositon rate when 
properly looked for). 2. Insertion under fluoroscopic control - expensive and not suitable for ICU 
patients. 3. Other ECG technologies - these do not use the magnetic Sherlock technology and are 
therefore inferior to this product 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


I would compare this technology to our current practice of fluoroscopically inserted lines. You are able 
to visualise the pathway of the tip with the tip location system in the same way you could track with 
fluoroscopy and you can accurately place the tip with the ECG technology in the same way you 
would visualise the final tip position on fluoroscopy. Within most healthcare settings the 
comparator would be the post insertion chest x-ray which is used to confirm tip position prior to 
line use. 
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Dr Richard Leech 


Consultant Anaesthetist 


PICCs are already used in the NHS. They tend to be inserted in one of two ways: The first is to insert a 
PICC and take a Chest Xray afterwards - this is less than ideal as it requires a skilled operator to 
correctly assess the correct length of catheter required and adjustment to the catheter if the tip 
positioning is inadequate. The second is to ensure that the catheter is placed correctly at the time 
of insertion so the PICC is inserted in the operating theatre under fluorsocopy - this is my current 
parctice. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


PICC insertion either with fluoroscopic guidance or without any imaging guidance other than US for 
venous access 
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Question 7:  "Competing products": Are you aware of any other products which have been introduced with the same purpose 
as this one? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


I am only aware of one other company who manufactures a version of this technology which only uses 
ECG to confirm placemnt it dose not have the tip location technology and can only be used with open 
ended PICC lines. The BARD technology is a combination of both and is much more accurate. I have 
tried both devices. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


As above  


Dr Lisa Dougherty 


Nurse Consultant 


No I have not seen any in the UK 


Ms Dympna McParlan 


Infusion Services Coordinator 


Vygon Nautilus® ECG tip location system 


Dr Tim Jackson  


Consultant Anaesthetist 


Teleflex ‘vasanova’ VPS, Vygon Nautilus®   


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


See above  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


No  


Dr Richard Leech 


Consultant Anaesthetist 


The Nautilus system produced by Vygon can also allow the operator to position the catheter tip of the 
PICC using ECG guidance. However it does not give a visual image of where the catheter tip is in relation 
to the patient's anatomy ie if the catheter has entered the internal jugular vein instead of the subclavian. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 
I am not aware of any. 
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POSSIBLE BENEFITS FOR PATIENTS 


Question 8: What are the likely additional benefits for patients of using this technology, compared with current 
practice/comparators? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


lower complications, lower malposition rates, no need for x-ray or fluroscopy, quicker insertion, don’t 
need to wait for confirmation beofre use. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Increased first time success rates in inserting catheters centrally, less duplicate use of devices or 
puncture sites, less exposure and inconvenience of Xrays, better central venous catheter position 
leading to less risk of thrombosis or other complications. 


Dr Lisa Dougherty 


Nurse Consultant 


benefits are that you can track the tip during insertion. ECG alone will tell you if it is in the right place or 
not but not where it has gone if not in SVC. The Sherlock tracking enables you to visualise if the tip is 
going up the jugular vein or coiling etc so you can then employ relevant techniques to prevent this and 
ensure tip is in SVC. 


Patients know at the time of insertion that it is all in correct place and they don't have to wait to have a 
chest xray and then find not palced correctly 


removes the need for a chest x ray, the cost and radiation exposure to the patient and the time delay in 
getting the X ray done and then verified 


Ms Dympna McParlan 


Infusion Services Coordinator 


Immediate confirmation of PICC tip position at insertion stage 
Increased placement efficiency and reduction in catheter malposition  
Eliminates repositioning and delay to therapy 
Reduced exposure of radiation to patients 


 


Dr Tim Jackson  


Consultant Anaesthetist 


Less radiation exposure, less time spent on injection, reduced complications due to malposition 
(?Vsxray 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Reduced malposition rate. Most malpositions using this technology are easily correctable by 
withdrawing the catheter 
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Expert Advisers Comment 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


Lines could be confidently placed at the bedside with a reduced rate of malposition. There would be no 
requirement to remanipulate the line which can lead to increased risk of infection, irritation of the 
access vein and discomfort to the patient. Patients would not need to be transferred to the 
Radiology Department for a chest x-ray. Repeat x-rays which are required in the case of 
malposition would not be required. The process of a chest x-ray can be very uncomfortable for 
patients who have to lie on the hard detector plate and this would not be required. Delays from 
waiting for a chest x-ray would be removed as the tip confirmation would occur at the time of 
insertion, as per fluoroscopic placement, and the line could be accessed immediately. Procedure 
times could be kept to a minimum, improving the patient experience. 


Dr Richard Leech 


Consultant Anaesthetist 


More accurate placement of catheter tip of PICC (Xray position reporting is very subjective). Xray 
confimation is not required - this has 2 benefits for the patient - no radiation dose and PICC insertion at 
the bedside. Increased availability for patients requiring PICC insertion and decreased waiting time. 
These could also lead to a reduced length of stay for patients whose conditions are amenable for 
treatment in the community. 


 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


If a unit does not use fluoroscopy then there is a number of cases where the tip is wrongly located and 
secondary procedures are performed and these should be avoided. 


 


Question 8.1:  Is each additional benefit likely to be realised in practice?  What are the likely obstacles? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


The only obsticle is if the patient has AF, a pacemeker or any other junctional rythum which make the 'p' 
wave unrelable or abscent the ECG portion of the technology cannuot be used by the tip location 
technology can still place the line in the SVC, but an x-ray will be required.   


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


I think it all comes down to overall cost benefits.  If the devices were less costly in disposables then I 
think there is little doubt that they would be used routinely to ensure rapid correct placment of devices 
in almost all cases. 


Dr Lisa Dougherty 


Nurse Consultant 


Yes at bedside. Only obstacle is if any reason they can't have tracking device used or ECG reading is 
unclear 
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Expert Advisers Comment 


Ms Dympna McParlan 


Infusion Services Coordinator 


Yes, benefits realised in practice  


Dr Tim Jackson  


Consultant Anaesthetist 


Yes I believe the benefit of current practice are likely to be realised; obstacles are (?)practice regarding 
X-Ray use-practitioner may need to be familiar with ECG interpretation.   


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


In my view patients will still need a chest x-ray after insertion. The equipment is relatively easy to use 
but staff will require a reasonable amount of training. The blockage rate with the new PICCs needs to be 
defined. 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


I feel the benefits would be recognised in practice. The likely obstacles are for operators to accept and 
feel comfortable that the technology can replace current practice and provide an improved service. 


Dr Richard Leech 


Consultant Anaesthetist 


Yes they could be - but to ensure that patients receive a PICC in a timely manner, hospitals would need 
to formally set up a vascular access service so that there are a number of nurses/clinicians available 
who can insert these lines. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


I think these potential benefits should be realised. It is important to note that the Sherlock system seeks 
to place the line tip at the cavo-atrial junction. CXR is not a perfect test to locate the cavo-atrial junction 
so that comparison of the Sherlock system and CXR with regard to precise tip location is not 
straightforward. 


 


Question 8.2:  How might these benefits be measured?  What specific outcome measures would enable assessment of whether 
additional benefits for patients are being realised? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


Through costs and time saved leading to higher productivity but also better patient outcomes. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


It needs a formal cost benefit analysis which to date I believe has not been performed. 


Dr Lisa Dougherty 


Nurse Consultant 


We have reviewed the number of malpositions before and since introduction of Sherlock and it is now 
rare that we have any malpositions 
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Expert Advisers Comment 


Ms Dympna McParlan 


Infusion Services Coordinator 


Reduced time for each placement. Improved statistics for reduction in catheter malposition and 
repositioning. Reduced pressure on radiology services allowing greater access for other patients. 


Dr Tim Jackson  


Consultant Anaesthetist 


Initially comparison of tip position with other modalities (x-Ray) ;patient satisfaction, complication-takes 
time to insert etc 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Units will need to know their baseline malposition rate and need to define how this is measured before 
they can be sure that this technology improves their mlaposition rate. In my opinion it does reduce 
malposition rates when compared with 'blind' insertion. 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


The benefits could be measured via procedure times and length of stay for patients. This system should 
reduce procedure times and therefore consequently allow operators to perform more procedures within 
a give timescale. The patient experience should also be improved and could be measured with patient 
satisfaction surveys. Procedural costs should also be reduced and can be calculated on a cost per case 
basis for comparison to existing practice. 


Dr Richard Leech 


Consultant Anaesthetist 


Reduced exposure to radiation dose (ie Xrays) is an obvious measure. Reduced number of cannulation 
attempts in patients with difficult venous access. Reduced use of central lines in patients with poor 
venous access which need to be replaced every 7 days due to the risk of catheter related infections. 
Reduced length of stay in hospital. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Satisfactory placement without the need for secondary procedures. 


 


 


Question 8.3:  How good is this evidence for each of these additional benefits? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


The evidence is good, following a trial in my Turst, the first 60 PICC lines placed with the technology 
also had a chest x-ray, all 60 were placed correctly. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


As above  







 


Page 15 of 36 


Expert Advisers Comment 


Dr Lisa Dougherty 


Nurse Consultant 


There are research papers demomstrating the effectiveness of ECG tip location. We evaluated the 
system using the technology and comparing it with CXR done as well and we found that both the 
tracking and ECG were accurate. 


Ms Dympna McParlan 


Infusion Services Coordinator 


A service database will demonstrate the above benefits, however it is difficult to measure the benefits of 
reduced exposure to radiation. 


Dr Tim Jackson  


Consultant Anaesthetist 


I believe the evidence for ECG –tip- location is of good quality. I am unaware of any specific evidence for 
this specific device.   


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


There is very poor evidence and no RCTs of the technology. We have done the only formal assessment 
and this is not yet published. The manufacturers have data but this has never been published or peer 
reviewed 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


The evidence for the benefits is available via company leterature only. There is little published data 
around Sherlock 3CG. The existing literature focuses on ECG or tip location and not a joint system.   


Dr Richard Leech 


Consultant Anaesthetist 


Saving lives documentation has highlighted the importance of reducing infection from the use of 
peripheral cannulas and central lines. There is much higher vigilance on the wards but the risk still 
remains. Infection risk with PICCs is lower when placed in a controlled environment by trained 
individuals. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Developing 


 


Question 8.4:  Please add any further comment on the claimed benefits of the technology to patients, as you see applicable 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


The technology has completely changed the process of PICC insertion for the better, now when i leave a 
patient after inserting the PICC i am confident it is in the correct place and can be used straight away. 
Patients feel more confident when the see the technology in use. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Blank  
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Expert Advisers Comment 


Dr Lisa Dougherty 


Nurse Consultant 


As stated above patients are relieved that we can inform them at placement that it is in correct position 
and it can be used immediately so no delays for treatment 


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


Blank  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Blank  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


Blank  


Dr Richard Leech 


Consultant Anaesthetist 


The main benefit I can identify is the reduced delay in PICC insertion because of not having to 
coordinate Xray and identify a suitable clinical room. The Sherlock 3CG would enable me to insert PICCs 
at the bedside. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Blank  


  


 
 
 
 


POSSIBLE BENEFITS FOR THE HEALTHCARE SYSTEM 


Question 9:  What are the likely additional benefits for the healthcare system of using this technology, compared with current 
practice/comparators? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


savings in time and money as not using x-ray or fluroscopy to place line and as malposition rates are 
virtually non-existant the cost of additional PICC equipment is a line needs to be changed. 
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Expert Advisers Comment 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Quicker more accurate procedures. 


Less repeat procedures 


Reduced number of Xrays 


Better catheter tip positions leading to lower risks of thrombosis and other complications 


Dr Lisa Dougherty 


Nurse Consultant 


Reduced need for Chest Xrays means less patietns having to attend radiology, less cost, less radiation 
exposure and less time dealys 


reduction in number of repeated procedures  when malposition discovered so saving time and cost of 
PICC and kit 


Ms Dympna McParlan 


Infusion Services Coordinator 


Improved accuracy in catheter tip location. Reduction in costs associated with radiology and greater 
throughput of patients. 


Dr Tim Jackson  


Consultant Anaesthetist 


Cost reduction-:direct=reduced costs of radiology ; reduced cost of injection times. Indirect:-Reduced 
complications 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Reduced PICC malposition rates and those that are malpositioned are probably easier to correct - this 
will will lead to fewer interventions and reduced morbidity 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


I would anticipate that there would be changes in practice which would lead to cost savings for the 
Healthcare System. 


Dr Richard Leech 


Consultant Anaesthetist 


Reducing the delay in inserting the PICC would potentially allow earlier discharge of patients from 
hospital. There may also be a reduction in infections related to peripheral cannulation or CVC insertion. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


It should speed up the process of line insertion and use. There are potential economic advantages if the 
need for fluoroscopy is avoided and post-procedural CXR is unnecessary and if treatment commences 
earlier. 


 


Question 9.1:  Is each additional benefit likely to be realised in practice?  What are the likely obstacles? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


initial cost of the technology can be expensive however this can be ofset by the money svaed over the 
year. 
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Expert Advisers Comment 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Blank  


Dr Lisa Dougherty 


Nurse Consultant 


Yes  


Ms Dympna McParlan 


Infusion Services Coordinator 


Yes, realised in practice 


Dr Tim Jackson  


Consultant Anaesthetist 


For those using BARD PICCs this will be maximal. For others this technology requires changing PICC’s 
which may be limiting. 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


See section 8  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


This will be variable and dependent on current practice but I feel cost savings will be achieved alongside 
an improved patient service. 


Dr Richard Leech 


Consultant Anaesthetist 


Community services would have to be in place to allow early discharge of patients to enable them to 
receive treatment at home (ie intravenous antibiotics for osteomyelitis/cellulitis) 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


I think so but I have not done an economic analysis in our unit. 


 


Question 9.2:  How might these benefits be measured?  What specific outcome measures would enable assessment of 
whether additional benefits for the healthcare system are being realised? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


The benfits for the technology can be measured in time saved, money saved from using radiation, and 
extra PICC's due to malposition. The only obsticle is the initial cost of the technology which can be 
recopued within a year 
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Expert Advisers Comment 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Formal cost benefit analysis 


Time duration of procedures 


DIsposables used 


Xrays used 


catheter position success 


Catheter lifespan 


Longer term complications in relation to catheter. 


Dr Lisa Dougherty 


Nurse Consultant 


Cost of Chest Xrays and number of previous malpositions costed out as what can be saved 


Ms Dympna McParlan 


Infusion Services Coordinator 


Accuracy of tip location can be demonstrated on the service database. Reduction in costs and 
throughput of patients can be estimated. 


Dr Tim Jackson  


Consultant Anaesthetist 


Cost of insertion: PICC+x-Ray+time +disposables +excess cost of re-positioning +cost of complications 
vs the same: x-rays, complication offset 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


See section 8  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


As in previous section 8  


Dr Richard Leech 


Consultant Anaesthetist 


Early discharge from hospital would significantly reduce hospital length of stay 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Health economic analysis 


 


Question 9.3:  How good is this evidence for each of these additional benefits? 


Expert Advisers Comment 
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Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


the technology has already be porven in America and in my Trust a buisness case was submitted 
showing at least a cost saving of £22,000 a year. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


There is reasonable evidence for ECG guidance for short term catheters and this technology is widely 
used on the continent.  Other elements as above are more uncertain. 


Dr Lisa Dougherty 


Nurse Consultant 


As before  


Ms Dympna McParlan 


Infusion Services Coordinator 


Robust  


Dr Tim Jackson  


Consultant Anaesthetist 


Cost savings should have a good business plan to support them. I suspect that the evidence for length 
of stay –complication rates is more difficult. 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


See section 8. There is no formal economic evaluation of the technology which is more expensive than 
others 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


As in previous section 8 


Dr Richard Leech 


Consultant Anaesthetist 


In my Trust alone, I have identified approximately 250 patients per year who could potentially receive the 
majority of their treatment at home if they had a PICC inserted in a timely manner after admission to 
hospital. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Developing 


 


Question 9.4:  Please add any further comment on the claimed benefits of the technology to the healthcare system, as you see 
applicable 


Expert Advisers Comment 
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Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist   


Blank  


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Blank 


Dr Lisa Dougherty 


Nurse Consultant 


As before  


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


Blank  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Blank  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


Blank  


Dr Richard Leech 


Consultant Anaesthetist 


Reduced hospital acquired infections (from cannulation), reduced radiology costs, reduced length of 
stay for many patients. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Blank 


 


FACILITIES, TRAINING AND FUNCTIONING 


Question 10:  Are there any particular facilities or infrastructure which needs to be in place for the safe and effective use of this 
technology? 
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Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist 


The technology can be adopted into existing services. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


See 11 


Dr Lisa Dougherty 


Nurse Consultant 


No the device is in all in one stand and only requires access to electric sockets. 


Ms Dympna McParlan 


Infusion Services Coordinator 


Increased space in clinical area required as a result in additional technology. 


Dr Tim Jackson  


Consultant Anaesthetist 


It only works with BARD PICC’s so any one (?) using it have to comfortable with the use and aftercare of 
this PICC. 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


PICC inserters will need training and it is very difficult to perform the procedure single handedly 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


The company have an excellent track record in the education and support of customers who use their 
products. Staff need to feel confident to use the technology and be familiar with the product but 
otherwise no particular facilities are required. Only trained PICC placers should use this technology. 
There is a common misconception than anyone can place a PICC line and direct visualisation of the 
chest x-ray allows poorly placed lines to be identified and rectified by appropriately trained personnel. 
This would not be the case with Sherlock 3CG and it would need to be clear that visualisation by the 
operator is not sufficient - a printed copy of the ECG within the patient's notes is required as per 
manufacturer's guidelines. 


Dr Richard Leech 


Consultant Anaesthetist 


Ideally as mentioned earlier, from the clinical governance perspective a vascular access team should 
lead and monitor this development. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Standard location for PICC insertion with space for the machine 
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Question 11:  Is special training required to use this technology safely and effectively? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist 


Yes, this was provided extensively by the company  


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Yes but no special skills are required just knowledge and experience of how the devices work and their 
limitations. 


Dr Lisa Dougherty 


Nurse Consultant 


Yes  


Ms Dympna McParlan 


Infusion Services Coordinator 


Yes, particularly in relation to cardiology training 


Dr Tim Jackson  


Consultant Anaesthetist 


I believe so, but haven’t had hands-on experience yet, so I am unsure as to how much 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


As above  


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


It is necessary for PICC placers to understand the physiology of an ECG and to recognise the patterns 
for accurate tip placement. The training I have received was delivered by Bard and there is support 
through the implementation stage until the operator feels confident in the use of the technology. The 
actual process of insertion and the PICC kit will be familiar to operators and just a slight variance in 
technique is required. 


Dr Richard Leech 


Consultant Anaesthetist 


Yes but it is relatively straightforward for any clinician who is trained to use ultrasound for vascular 
access (such as CVC insertion). 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Yes 


 


Question 12:  Please comment on any issues relating to the functioning, reliability and maintenance of this technology which 
may be important to consider if it is introduced 
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Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist 


I have had no issues 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


 


I have not used it enough to comment, but other devices using this technology have been used for many 
years reliably. 


Dr Lisa Dougherty 


Nurse Consultant 


The system has been reliable but have been using our own purchased systems for less than a year 


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


I have no experience 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Can only be used in patients in sinus rhythm 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


 I am not aware of any issues related to maintenance or reliability. 


Dr Richard Leech 


Consultant Anaesthetist 


I cannot comment on this at this stage. I have only placed 5 PICCs using this technology and have not 
experienced any issues so far.   


Professor Richard McWilliams 


Consultant Vascular Radiologist 


I think training of the staff is the important consideration as there is a learning curve associated with 
correct interpretation of the ECG trace. 


 


COSTS 


Question 13:  Please provide any comments on the likely cost consequences of introducing this technology.  In particular, 
please comment on the implications of this technology replacing the comparator/s you have described above 
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Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist 


initial costs can be ofset by the costsavings over the year from not using x-ray or fluroscopy. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


At current costs this is considerable as it would be needed to be used in every case, as one cannot 
reliably identify which cases are likely to be difficult. 


Dr Lisa Dougherty 


Nurse Consultant 


The technology does cost a lot but we also updated our ultrasound machines at same time so it cost 
more. I think over time this would results in cost savings. A cost issue is the remote control which can 
easily get lost in the waste and we have lost 3 so far and this incurs a cost of £150 each time. Needs a 
better system for attaching remote to machine so it is harder to mislay. The other outlays are ECG leads 
and the paper. 


Ms Dympna McParlan 


Infusion Services Coordinator 


Initial outlay on the new technology  


Dr Tim Jackson  


Consultant Anaesthetist 


I understand the unit/machine costs approximately £7000 each, with a small cost of consumables for 
each insertion.  For units which don’t currently use BARD PICC’s they are more expensive than most 
competitors and hence the switch incurs extra cost.  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


It is probably more expensive than blind insertion but there are potential cost savings. No formal 
economic evaluation has been performed. 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


In our case, Sherlock 3CG would present a cost saving. The aim of my research is to consider the cost 
benefits of this technology compared to our current practice alongside the perceived patient benefits. It 
is anticipated it would be significantly cheaper tah procedures performed within an angiography suite 
with the full staff available - radiographer, nurse, operator vs single operator for Sherlock 3CG 


Dr Richard Leech 


Consultant Anaesthetist 


Most hospitals will already have several portable ultrasound machines available for vascular access in 
the operating theatre and ICU. The 3CG equipment is approx £10,000 including printer. The PICCs are 
more expensive than conventional PICCs but the packs do include drapes, gowns etc. Savings would be 
made by reducing the number of Xrays taken and potentially discharging patients earlier by reducing the 
delay in PICC insertion. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


There are consumable costs per case and there is the additional cost of the Sherlock system. I do not 
think the machine is compatible with other manufacturers' US systems so existing machines may 
become redundant. 
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GENERAL ADVICE BASED ON YOUR SPECIALIST KNOWLEDGE 


Question 14:  Is there controversy about any aspect of this technology or about the care pathway? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist 


Some of the Doctors in my Trust felt that the PICC tip was placed to low in the SVC with the technology, 
however these conserns were removed when the technology was explained and demnostraighted. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Only in relation to the overall cost benefits of the technology 


Dr Lisa Dougherty 


Nurse Consultant 


Not to my knowledge  


Ms Dympna McParlan 


Infusion Services Coordinator 


No 


Dr Tim Jackson  


Consultant Anaesthetist 


Not that I am aware of  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


The technology specifically targets the low superior cava/caval-atrial junction - there isn't good evidence 
of how important this is. There is virtually no evidence to support the claims that it reduces malposition 
rates; however, I believe it does. The manufacturers claim that chest radiographs are no longer required 
- I don't think this is fully accepted or evidence based 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


I am not aware of any 


Dr Richard Leech 


Consultant Anaesthetist 


Not that I am aware of  


Professor Richard McWilliams 


Consultant Vascular Radiologist 


No 
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Question 15:  If NICE were to develop guidance on this technology, how useful would this be to you and your colleagues? 


Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist 


NICE guidance would provide supporting eveidence and validation to Tursts who wanted the 
technology. This would be useful in supporting buisness cases for funding and cnahnges in practice. 


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


Useful but needs to be considered in comparison to other technologies available not just this individual 
technology. 


Dr Lisa Dougherty 


Nurse Consultant 


It would be useful 


Ms Dympna McParlan 


Infusion Services Coordinator 


Extremely  


Dr Tim Jackson  


Consultant Anaesthetist 


I am intending to evaluate this technology for use in my unit, hence this would be very useful guidance. 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


More evidence would be required, otherwise it would be based on personal opinion 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


It would be very helpful 


Dr Richard Leech 


Consultant Anaesthetist 


It would facilitate the use of this system in NHS Trusts. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


This would be welcome 


 


Question 16:  Do any subgroups of patients need special consideration in relation to the technology (for example, because they 
have higher levels of ill health, poorer outcomes, problems accessing or using treatments or procedures)? Please 
explain why 
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Expert Advisers Comment 


Mr Andrew Barton 


Clinical Nurse Specialist 


No  


Dr Andrew Bodenham 


Consultant in Anaesthesia and 
Intensive Care Medicine 


 


There may be identifiable patient groups of patients who are at higher risk of catheter misplacement e.g. 
patients in intensive care as opposed to on a general ward.  Such patients may represent a group with a 
better risk benefit profile for this and other technologies. 


Dr Lisa Dougherty 


Nurse Consultant 


Only those that may have irregular heart rhythms which means that we cannot clearly verify exact tip 
location but can still use tracking system to ensure tip has headed in right direction. 


Ms Dympna McParlan 


Infusion Services Coordinator 


There are certain patient groups that this technology will not be suitable for i.e. patients with atrial 
fibrillation. However, the tracking device can still be used and we usually know these patients prior to 
commencement of the procedure. 


Dr Tim Jackson  


Consultant Anaesthetist 


As stated , any patients with abnormal ECG condition may adversely affect the reliability of this method. 


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Probably more efficacious in ICU patients but, again, limited evidence 


Ms Elizabeth Elfleet 


Advanced Radiographer Practitioner 


Patients with known cardiac arrhythmias and pacemakers are currently excluded because the 'P' wave 
may not be evident on the ECG. I am not aware of any other contraindications within patient groups. 


Dr Richard Leech 


Consultant Anaesthetist 


This technology is not suitable for patients whose underlying cardiac rthythm is not sinus rhythm or if 
they are pacemaker dependent. 


Professor Richard McWilliams 


Consultant Vascular Radiologist 


Those with cardiac rhythm disorders which preclude the use of P waves as a guide. 


 


CONFLICTS OF INTEREST 


Question 18.1: Do you or a member of your family have a personal pecuniary interest? The main examples are as follows: 
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Expert Advisers 
Consultancies or 


directorships 
Fee-paid work Shareholdings 


Expenses and 
hospitality 


Investments 
Personal non-


pecuniary 
interest 


Mr Andrew Barton 


Clinical Nurse Specialist 


No  No  No  No  No  Yes 


Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care Medicine 


Yes  Yes  No  Yes  No  No  


Dr Lisa Dougherty 


Nurse Consultant 


No  Yes  No  No  No  No  


Ms Dympna McParlan 


Infusion Services Coordinator 


No  No  No  No  No  No  


Dr Tim Jackson  


Consultant Anaesthetist 


No  No  No  No  No  No  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


No  No  No  No  No  No  


Ms Elizabeth Elfleet 


Advanced Radiographer 
Practitioner 


No  No  No  No  No  No  


Dr Richard Leech 


Consultant Anaesthetist 


No  No  No  No  No  No  


Professor Richard McWilliams 


Consultant Vascular 
Radiologist 


Yes No No No No No 


 


If you have answered YES to any of the above statements please describe the nature of the conflict(s) below. 
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Mr Andrew Barton 


Clinical Nurse Specialist 


I am the 2014 chair of the PICC Placers Preceptorship Group for London and the South East. This position is for 
a year only and then a new chair is elected who is a nurse specialist for another hospital. We receive $150 
expenses for this role. I have also spoken this year at WoCoVA where I presented an abstract about my 
Sherlock research. Bard sponsored the flights to Berlin. 


Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care Medicine 


I have received occasional lecture fee honoraria from venous catheter manufacturers including the 
manufacturer of this device.  I have also received consultancy payments from catheter companies.  I earn 
income from private medical practice and medicolegal work. 


Dr Lisa Dougherty 


Nurse Consultant 


Blank  


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


Blank  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Blank  


Ms Elizabeth Elfleet 


Advanced Radiographer 
Practitioner 


Blank  


Dr Richard Leech 


Consultant Anaesthetist 


Blank  


Professor Richard McWilliams 


Consultant Vascular 
Radiologist 


I have received fees for lecturing on venous access courses from Sonosite. 


 


Question 18.2: Do you have a non-personal interest? The main examples are as follows: 
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Expert Advisers 
Fellowships endowed by the healthcare industry 


 


Support by the healthcare industry or NICE that 
benefits his/her position or department, e.g. grants, 


sponsorship of posts 


Mr Andrew Barton 


Clinical Nurse Specialist 


No  No  


Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care Medicine 


No  No  


Dr Lisa Dougherty 


Nurse Consultant 


No  No  


Ms Dympna McParlan 


Infusion Services Coordinator 


No  No  


Dr Tim Jackson  


Consultant Anaesthetist 


No  No  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


No  No  


Ms Elizabeth Elfleet 


Advanced Radiographer 
Practitioner 


No  No  


Dr Richard Leech 


Consultant Anaesthetist 


No  No  


Professor Richard McWilliams 


Consultant Vascular 
Radiologist 


No No 


 


If you have answered YES to any of the above statements please describe the nature of the conflict(s) below. 


Mr Andrew Barton 


Clinical Nurse Specialist 


Blank  
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Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care Medicine 


Blank  


Dr Lisa Dougherty 


Nurse Consultant 


Blank  


Ms Dympna McParlan 


Infusion Services Coordinator 


Blank  


Dr Tim Jackson  


Consultant Anaesthetist 


Blank  


Dr Andrew Johnston 


Consultant in Intensive Care. 
Medical Lead Vascular team   


Blank  


Ms Elizabeth Elfleet 


Advanced Radiographer 
Practitioner 


Blank  


Dr Richard Leech 


Consultant Anaesthetist 


Blank  


Professor Richard McWilliams 


Consultant Vascular 
Radiologist 


Blank 
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Additional Expert Advice requested by NICE: 2 October 2014 
 


Name of Expert Adviser Job Title Professional Organisation/ Specialist Society 


Dr Andrew Bodenham Consultant in Anaesthesia and Intensive Care Medicine National Infusion and Vascular Access Society 


Dr Lisa Dougherty Nurse Consultant National Infusion and Vascular Access Society 


Dr Richard Leech Consultant Anaesthetist National Infusion and Vascular Access Society 


Professor Richard McWilliams Consultant Vascular Radiologist Royal College of Radiologists 


 


Question 1:  What would you consider to be the likely clinical consequences of a malpositioned PICC, and when would 
you expect these consequences to manifest themselves? 
 


Expert Adviser Response / Comment 


Dr Richard Leech 


Consultant Anaesthetist 


Malposition of the catheter tip can be subdivided further: 
  
The catheter tip in the Right Atrium or Atrial Appendage may cause: 
Cardiac arrhythmia - usually early complication but may be late 
Perforation of the heart wall leading to tamponnade - very rare but potentially catastrophic 
  
The catheter tip in the upper part of the SVC has been shown to increase the thrombosis risk in patients and is also 
associated with a higher infection rate - this may occur several weeks after insertion. 
  
The catheter tip in the contralateral axillary vein or internal jugular vein would also increase thrombosis and infection risk 
but has the added risk of drugs being injected into a vein with a progressively narrower lumen (lumen size would normally 
progressively increase as the PICC is advanced into the SVC). 
  
The identification of a malpositioned PICC often occurs after a nurse cannot draw blood from the PICC - A Chest XR would 
then confirm the malposition. 
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Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care 
Medicine 


IN the context of this type of guidance the focus is on correct positioning in the central veins rather than at the site of 
insertion in the arm.  It assumes the catheter is in the venous system as opposed to arterial system, pleura or other space 
which could give rise to the technology failing but this would be rare. 


  
The consequences of malposition are either:   
Early when the catheter is kinked or doesn’t flush/aspirate blood, catheter then needs to be repositioned.  
 Late when problems can occur with accelerated vein thrombosis with catheter failure and secondary complications, 
perforation with secondary complications, infection which is linked to thrombosis, arrhythmias and other rarer problems. 


Professor Richard 
McWilliams 


Consultant Vascular 
Radiologist 


The most likely consequence is that the PICC will be seen to have been wrongly positioned on a post-procedural 
radiograph and then it will be repositioned with a delay to treatment, inconvenience to the patient and cost. 
 


Dr Lisa Dougherty 


Nurse Consultant 


The consequences could be thrombosis and these might manifest anything form 3 days post insertion to weeks later 


 
Question 2: Would you expect to see different clinical consequences depending on the location of the malposition? If so, please 
describe. 


Expert Adviser Response / Comment 


Dr Richard Leech 


Consultant Anaesthetist 


See response to Question 1 


Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care 
Medicine 


Yes  
in heart e.g.  arrythmias, perforation, endocarditis 
In poor position in central veins perforation and thrombosis, embolus 


Professor Richard 
McWilliams 


Consultant Vascular 
Radiologist 


If it is placed too far then there is a risk of cardiac arrhythmia. If it is placed too high then there is a risk of venous 
thrombosis and poor flow rates. 


Dr Lisa Dougherty 


Nurse Consultant 


If the PICC was too short or flipped back down the arm the thrombosis might occur more quickly. 
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Question 3: Would the method of insertion of the PICC line have any impact on these effects, or would they be consistent across all 
methods of insertion? 


Expert Adviser Response / Comment 


Dr Richard Leech 


Consultant Anaesthetist 


The method of insertion would not impact directly on the clinical consequences - a malpositioned PICC would still cause the problems 


above. However a PICC placed with Fluoroscopy or ECG guidance would identify the malposition earlier so action could be taken 


immediately.  


Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care 
Medicine 


The method of insertion in the arm is a separate element of the procedure which is not altered by this technology.  Most 
centres use ultrasound guidance and fine bore needles and catheters to reduce risk of damage to veins, arteries and 
nerves at the insertion site and avoid elbow flexure. 


  


Passage of the catheter centrally can either be blindly, using ecg/electromagnetic guidance, or with xray imaging, 
ultrasound can also be used outside the central veins of the chest. 


Professor Richard 
McWilliams 


Consultant Vascular 
Radiologist 


Blind insertion makes the risk of malpositioning unavoidable. My expectation is that the Sherlock system should largely 
eliminate these events.  


Dr Lisa Dougherty 


Nurse Consultant 


Not sure what you mean by method – if you are talking about using micro introducer and ultrasound then only in that the 
PICC would be placed in a bigger vein and therefore less likely to have thrombosis. If you are meaning using the tracking 
versus CXR then no as you would know where the tip was located in both and if there was a malposition. Only with CXR 
you would have to wait till you had it done and reviewed it whereas with Sherlock you know at bedside and can rectify then. 


 
Question 4:  Are there any particular patient populations who you would consider to be particularly vulnerable to insertion-related 
adverse events? 


Expert Adviser Response / Comment 


Dr Richard Leech 


Consultant Anaesthetist 


Patients with cardiac problems (angina, cardiac arrthythmias etc) would be more prone to arrhythmias if the catheter tip was 


advanced too far. (Using ECG technology for PICC placement is relatively contraindicated in this group anyway) 
Patients with cancer receiving chemotherapy would be at higher risk of thrombosis and infection than the general population 


Dr Andrew Bodenham 


Consultant in Anaesthesia 
and Intensive Care 
Medicine 


Yes patients with very small fragile veins, those with abnormal vein or other anatomy, coagulopathy, pervious problems, 
smaller child etc. Other problems can be inherently unpredictable and there are some risks to all procedures. 
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Professor Richard 
McWilliams 


Consultant Vascular 
Radiologist 


I do not work in paediatrics but I would expect it to be most important in young children. I think there has been a DofH 
document on this years ago – due to adverse events from lines in the heart in children with severe consequences. 


Dr Lisa Dougherty 


Nurse Consultant 


If patients have low platelets or are on anticoagulants then they have a higher risk of haematoma, cancer patients and 
those with a history of thrombosis have a greater risk of thrombosis once in situ.  
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External Assessment Centre report 


The purpose of the External Assessment Centre (EAC) report is to review and 


critically evaluate the sponsor’s clinical and economic evidence and may 


include additional analysis of the submitted evidence or new clinical and/or 


economic evidence.  


This report was updated on 4th November 2014 with the following amendments to correct 


inconsistencies and errors. 


1. Where the text refers to the sponsor’s model using Blind PICC replacement at the bedside, this has 


been changed to PICC replacement at the bedside using the original insertion methods. This is to 


clarify that, in the sponsor’s model, if Sherlock 3CG TCS is used for the original insertion, it is also 


used for a replacement where the option of “adjustment at bedside” is selected. 


2. Table 4 contained a typographical error which has been corrected to  


Right atrium (upper 2cm) 63 26.4% 


Right atrium (lower than 2cm) 39 16.3% 


 


3. An error in the sponsor’s model was identified at a late stage, meaning that the model did not 


include the full cost of reinsertion with Sherlock 3CG TCS, where necessary. This does not impact on 


the sponsor’s base case which assumed reinsertion with fluoroscopy, or on the main EAC scenario, 


which assumed that there would be no reinsertions using Sherlock 3CG TCS. There is an impact for 


tables created by the EAC for Sherlock 3CG TCS with x-ray, where some reinsertions were included. 


This is particularly significant for the scenario using ICU data where the cost saving was reduced 


from £97.72 to £41.35. The following tables have been amended: Table 23,24, 25,26,28,29 and 30. 
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1 Summary 


1.1 Scope of the sponsor’s submission  


The scope of the sponsor’s submission agreed in most aspects with that published by NICE. The economic 


model is based on the population that require PICCs and are also suitable for ECG tip location technology. The 


original scope included all patients requiring PICCs. The sponsor’s clinical evidence did not include comparison 


with PICC placement under fluoroscopy, as there was no evidence available. PICC placement under 


fluoroscopy was included as a comparator for the literature search scope, and is also included as an option in 


the economic model. Although none of the outcomes were excluded from the sponsor’s submission, evidence 


was only available on the number of malpositions, time and cost.  


The sponsor restricted the submitted evidence to the current model of the device available in the UK, Sherlock 


3CG TCS, as specified by NICE. In the light of the small quantity and low quality of evidence available, the EAC 


widened the scope to include previous models of the device that included both magnetic tracking and ECG tip 


confirmation. This resulted in only one additional study reported as a Powerpoint presentation with 


insufficient detail to assess quality. 


1.2 Summary of clinical evidence submitted by the sponsor 


The sponsor concluded that Sherlock 3CG TCS reduces the incidence of PICC malpositions and subsequent 


repositioning, and that it eliminates the need for confirmation of placement by chest x-ray. The sponsor 


submitted four studies in either abstract or poster format as clinical evidence. In addtion a questionnaire of 


selected NHS sites using Sherlock 3CG TCS was submitted, although not analysed in the submission. 


1.3 Summary critique of clinical evidence submitted by the sponsor  


The EAC included one additional paper (Johnston et al. 2014) that was identified by the sponsor but not 


included as it became available online on the day before the submission date.  


The evidence apart from Johnston et al. (2014) was limited to posters or abstracts, giving very little 


information. Although all the evidence found that use of Sherlock 3CG TCS had reduced the number of 


malpositions, the lack of information and of peer review means it must be treated with great caution. The only 


full published paper (Johnston et al. 2014) also found a reduced number of malpositions, but the number of 


malpositions was much higher than the other evidence, at 20.5 to 56.1% depending on definintion of 


malposition. The PICCs described in Johsnton et al. (2014) are all placed in an Intensive Care Unit, which may 


be another source of differences. 


The available evidence concentrates on reporting malposition rates judged by chest x-ray after initial 


placement using Sherlock 3CG TCS tip confirmation. The studies are not comparative, therefore there is no 


information on the blind PICC placement malposition rates in the same setting. There is no information on 


what the consequences of the malposition were. We are unable to tell how many of the PICCs were adjusted, 







 
 


Page 9 of 91 
 


Sherlock 3CG Tip Confirmation System 
External assessment centre report 


how many of these were a simple pull-back, how many required reinsertion, and by what method. There is no 


evidence available as to the longer term consequences of inaccurate postioning using Sherlock 3CG TCS. 


Several of the sites from the published abstracts (Adams 2013, Stewart 2013, Barton personal communication, 


Parikh 2013, Symington 2011) report that routine chest x-rays are no longer used to confirm PICC placement. 


The sponsors report that 9 NHS sites using Sherlock 3CG TCS have had sufficient confidence in the device to 


remove the requirement for routine chest x-rays to confirm tip location. The EAC were able to confirm 4 of 


these, however the remaining 5 did not respond to information requests.  


1.4 Summary of economic evidence submitted by the sponsor 


The sponsor identified two posters with economic content and correctly assessed these as low quality, 


requiring the creation of a de novo economic model. The sponsor used a wider literature search to find 


evidence for the model, and in most cases model inputs were well documented, justified and used the best 


evidence available. 


1.5 Summary critique of economic evidence submitted by the sponsor 


The economic model produced was mainly appropriate for the NICE scope and evidence available. The model 


deviated from the population in the scope by including only patients requiring PICC placement who were 


suitable for Sherlock. It does not consider outcomes of PICC placement past the point of correct placement. 


Model inputs were well documented and in most cases from the best evidence available. The model 


assumptions are well documented, although the EAC has noted additional assumptions. There are some 


pathway assumptions, but most have limited impact on the results. One important issue is the use of different 


nurse times for treatment with Sherlock 3CG TCS without x-ray, vs blind placement with x-ray, with no valid 


evidence base. Removing this assumption makes the base case for Sherlock 3CG TCS vs Blind placement no 


longer cost saving. The sponsor provided extensive one-way, two-way and scenario sensitivity analysis, 


however the underlying differences in nurse time between branches reduces the utility of these.  


1.6 External Assessment Centre commentary on the robustness of evidence 


submitted by the sponsor 


The sponsor identified all available evidence and made some attempt to gather additional information by 


contacting an expert clinical advisor and NHS sites using the technology. 


The evidence available is very limited, both in the quality of the studies and the detail of the reporting. Only 


one study is fully reported as a peer reviewed paper (Johnston et al. 2014) 


There is no comparative evidence available, and none of the studies report on outcomes past the initial 


identification of PICC tip location. The number of repositions, replacements, complications or adverse events 


are not reported in any of the evidence. 
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The economic model is generally well executed given the evidence available, but contains a number of 


assumptions identified by the EAC which can change the outcomes from cost saving to cost incurring in some 


circumstances. 


1.7 Summary of any additional work carried out by the External Assessment 


Centre 


The EAC conducted an independent search for clinical and economic evidence relevant to the scope. In the 


light of the small quantity and low quality of evidence available, the EAC widened the scope to include 


previous models of the device that included both magnetic tracking and ECG tip confirmation. The EAC 


contacted 5 authors for additional information, and attempted to contact a further 8. 


The EAC identified additional assumptions in the submitted economic model and re ran the model with 


alternative inputs to examine their impact.  


THE EAC ran a critical care scenario using results from the Johnston et. al (2013) and Johnston et. al. (2014) 


papers in the sponsor’s model. The scenario was cost saving because of the significant reduction in the rate of 


malpositioned catheters between the two studies. As the data was all taken from a single centre, there are 


remaining questions about the generalisability of the findings.  
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Table 1 Abbreviations 


CAJ Cavo-atrial junction 


CVC Central venous catheter 


CXR Chest X-ray 


ECG Electrocardiogram 


FDA Food and Drug Administration (US regulatory body)  


ICU Intensive care unit 


IJ Internal jugular vein 


MAUDE Manufacturer and User Facility Device Experience, FDA database 


MHRA Medicines and Healthcare Products Regulatory Agency (UK regulatory body) 


PICC Peripherally inserted central catheter 


SVC Superior vena cava 


TCS Tip confirmation system 


TLS Tip location system 


TPS Tip positioning system 
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2 Background  


2.1 Overview and critique of sponsor’s description of clinical context 


The sponsor’s description of the clinical context is appropriate and relevant to the decision problem as 


described in the NICE scope. 


2.1.1 Current clinical management 


Central Venous Catheters are catheters with the internal tip located at the lower third of the superior vena 


cava (SVC), just above the junction to the right atrium, or within the higher right atrium (ESPN guidelines, 


Pittiruti 2009). The precise definition of correct tip location can vary between centres and countries.  


Peripherally Inserted Central Catheters (PICCs) are a subset of Central Venous Catheters (CVC) that use a 


peripheral vein as the insertion site, typically the brachial or cephalic vein in the upper arm. PICCs and other 


forms of CVC may be used in the following circumstances: 


 to take measurements of circulatory or heart functions 


 to provide a long term access route for infusions and blood tests 


 as a route for delivery of drugs that would damage thinner vessel walls e.g. chemotherapy 


 as a route for contrast medium that requires injection directly to this location. 


PICCs are inserted using ultrasound guidance into a vein in the arm. The ultrasound is used to ensure that the 


correct vein is located. The catheter is gently pushed through the vein without visual feedback, aiming to 


locate the tip in the correct position in the superior vena cava or right atrium. The standard procedure in the 


UK is to measure the distance from the insertion point to the final tip location desired on the patient using a 


tape measure and anatomical landmarks. When the catheter has been inserted to the correct length a chest x-


ray is used to confirm if tip placement is correct.  
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Figure 1 Diagram of heart showing venous system used for PICC placement via subclavian vein to access the 
superior vena cava and right atrium (Cardiff University Media Resources). 


Malpositions of the catheter can include diversion upwards into the internal jugular vein, or across into a 


contralateral vein, rather than downwards towards the right atrium. These would always be considered 


malpositions.  


In addition the catheter may be located slightly too distal or proximal to the intended location. In this case 


there may be differences of opinion on what is an acceptable tip location. Definitions may include all of the 


superior vena cava (SVC) and the upper portion of the right atrium, or be confined to the lower SVC and cavo-


atrial junction (CAJ). 


Ultrasound on the neck can be used to detect malposition in the internal jugular vein, however it may not 


always be detected by this method. 


If the catheter tip is inserted slightly too far, e.g. right atrium, it is a simple procedure to withdraw a small 


length of catheter and no repeat x-ray is normally required. 
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For malpositions such as the internal jugular vein it may be possible to move the catheter tip without 


reinsertion, for instance using patient positioning and flushing the catheter. 


If reinsertion is required, then this may either be attempted by the same method again, or by using 


fluoroscopy guided insertion. The method used will depend upon local protocol and clinical judgement. 


For any PICC, regardless of placement method, it is possible to have movement of the catheter tip after the 


initial placement. 


2.1.2 PICC placement using Sherlock 3CG TCS 


Sherlock 3CG TCS uses a conductive guidewire with a magnetic tip or stylet inside the catheter. The guidewire 


is inserted into the catheter prior to insertion in the vein, so that the tip is just inside the end of the catheter. 


The catheter, with the guidewire inside, is then inserted in the same way as a normal PICC procedure.  


Figure 2 Sherlock 3CG TCS sensor on patient chest, with ECG electrodes in place. © 2014 C. R. Bard, Inc. Used 
with permission. 


 


The progress of the magnetic tip is detected by a sensor placed on the patient’s chest above the sternum, 


allowing the operator to see the position of the tip relative to the sensor and the direction of travel. This can 


indicate for instance a diversion into the internal jugular vein or contra-laterally. A saline column within the 


catheter is used to transmit the internal ECG signal to the Sherlock 3CG TCS monitor. Two ECG electrodes are 


also placed externally on the patient for the reference ECG trace.  
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Figure 3 Screen shots of Sherlock 3CG TCS monitor showing progress of the stylet relative to the external 
sensor. © 2014 C. R. Bard, Inc. Used with permission. 


 


The internal ECG signal changes due to the relative position of the catheter tip within the electrical 


depolarisation of the right atrium. As the tip approaches the cavo-atrial junction the p-wave increases in 


amplitude. If the tip is advanced further the p-wave decreases in amplitude and may become inverted as it 


enters the right atrium. The operator would then normally withdraw slightly from the position of maximum p-


wave amplitude to approximately half the maximum amplitude, positioning the tip at the cavo-atrial junction,. 


The wire is then withdrawn and the catheter fixed in place. 


2.1.3 Clinical setting for PICC placement 


The clinical setting and staff for insertion of PICCs varies between different sites. From queries to clinical 


advisors it is apparent that PICCs may be inserted by nurse-led vascular access teams, or consultant led teams, 


they may be in theatre or at bedside. For some settings fluoroscopy may be used routinely for most PICCs, for 


others fluoroscopy would only be used for very complicated cases, or simply not available. Typical 


arrangements include: 


 Nurse-led vascular access teams inserting PICCs at bedside or outpatient clinics using blind insertion 


and x-ray confirmation. 
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 Consultant led vascular access in theatres with the option of fluoroscopy. 


 Radiologist led service using fluoroscopy. 


The options for both initial insertion and subsequent reinsertion will depend on the local arrangements and 


the patient population normally treated. 


2.1.4 UK prevalence for PICC placement 


The sponsor reports that UK PICC sales for 2013 were approximately 74, 490 (iData, 2014). The EAC does not 


have access to this report to comment on the figure, however it appears reasonable in light of data we do have 


available. Hospital Episode statistics (HES) for England were examined for 2012-13, and for inpatient 


procedures there were 31,437 procedures recorded (OPCS code L99.7 Percutaneous transluminal peripheral 


insertion of central catheter). An unknown, but substantial proportion of PICCs are placed in outpatient 


settings. HES records 1,222 outpatient PICCs being placed, however only the main procedures are recorded, 


and even these may be incomplete.  


In an attempt to look further at the number of PICCs being placed in the UK, a brief informal literature search 


was carried out. Reports of PICC numbers annually ranged from 40 to 460 for different settings. A summary of 


papers examined is in Appendix 2. 


2.2 Overview of sponsor’s description of ongoing studies 


There is one ongoing study, clinical trial NCT01969981. The sponsor identified the trial and reported the 


information as described on the clinicaltrials.gov.uk database. They did not submit any additional information 


concerning this trial. The EAC have contacted the principal investigator, but have not received any further 


information. The trial is an observational study in a single centre in France. The primary outcome measures are 


given as the efficacy and success rate of PICC placement using Sherlock 3CG TCS. Additional outcome measures 


include the number of repositions and acute complications. Longer term outcomes are not included. The 


clinicaltrials.gov.uk database states that it is due for completion in April 2014, but it also states its current 


status as recruiting. 


Study NCT01275430 is reported in clinical trials.gov.uk as terminated. This was a two part trial: 


 Phase 1: determine the location of the peripherally inserted central catheter (PICC) tip upon 


observation of maximum p-wave amplitude  


 Phase 2: determine the precision of PICC placement in the Sherlock 3CG group versus the standard 


PICC placement 


The study is described as a randomised controlled trial, and one of the secondary outcomes for Phase 2 is to 


record adverse events for 30 days.  
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 The sponsor informed the EAC that part 1 was completed but has not yet been reported, and that part 2 is 


going through an approval stage to commence. The study is taking place in the USA, with BARD as the sponsor. 


No additional information was submitted.  


2.3 Critique of sponsor’s definition of the decision problem 


2.3.1 Population 


The scope used by the sponsor matches that issued by NICE. The published evidence submitted by the sponsor 


has very limited information on the patient population, although they are generally adults suitable for PICC 


placement with ECG guidance e.g. no atrial fibrillation. In interpreting the evidence attention needs to be given 


to the population used in any accuracy calculations. For example, where a 95% accuracy is quoted for patients 


where ECG tip confirmation was carried out, the accuracy for the entire group of patients suitable for PICC is 


likely to be lower, as some will not have been suitable for ECG tip confirmation and have been excluded.  


Johnston et al. 2014 state that their patients are all in ICU, other evidence sources do not give patient details. 


It is clear from Johnston et al. [2013, 2014] that there are some differences between PICC placements for ICU 


and non ICU patients. The authors suggest that these may include the presence of ECG artefacts creating 


difficulties in tip location, difficulties of positioning patients, presence of other central venous catheters and 


differences in venous flow due to mechanical ventilation.  


2.3.2 Intervention 


The technology described in the sponsor’s submission matches the final scope issued by NICE. The submission 


was restricted to Sherlock 3CG TCS, the only version of the device that has received CE marking and is sold in 


the UK. Sherlock 3CG TCS is classified as a Class I Medical Device and obtained a CE mark in December 2011, 


this covers the sensor and all other parts that are external to the body. The sponsor has provided the EAC with 


a copy of the declaration of conformity dated December 2011. The Sherlock 3CG TCS magnetic stylet is 


packaged with the Power PICC SOLO catheters. These are a Class III Medical Device and obtained a CE mark in 


February 2012, with a declaration of conformity dated May 2012. The sponsor has satisfied the regulatory 


requirements and supplied the EAC with the necessary documentation. The sponsor states that the technology 


was launched in the UK in April 2013.  


The key mechanisms for the Sherlock 3CG TCS are  


 the use of a magnetic tracking system to visually follow the progress of the catheter and stylet 


(relative to the sensor placed on the patient’s chest) into the superior vena cava and towards the right 


atrium 


 the use of ECG to confirm correct positioning of the catheter at the cavo-atrial junction. 
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There are several different versions of the device that were FDA approved and available in the USA prior to 


Sherlock 3CG TCS. The EAC believes that it is reasonable to include evidence that is based on previous devices 


that use both magnetic tracking and ECG. 


Table 2 summarises the previous versions, highlighting which would be similar in concept to Sherlock 3CG TCS. 


Table 2 Previous technologies related to Sherlock 3CG TCS 


Device Name First FDA 
approval date 


Magnetic 
tracking 


ECG Appropriate 
for inclusion? 


Comments 


Sherlock Tip 
Locating 
System (TLS) 


14/4/2006 
additional 
approvals 
2/6/2006 and 
21/11/2006 


Yes No No Some papers refer to 
Sherlock II, this 
appears to be 
covered by the same 
FDA approval.  


Sherlock 3CG 
Tip Positioning 
System (TPS) 


07/08/2009 Yes Yes, 3 ECG 
electrodes 
(including 
stylet) 


Yes  


Sapiens Tip 
Confirmation 
System (TCS) 


20/9/2011 No, but can be 
used together 
with Sherlock 
TLS to give 
magnetic 
tracking 


Yes No, unless 
used with 
Sherlock TLS  


Previously Sapiens 
TLS, manufactured by 
Romedex 
International (FDA 
approved 15/7/2010) 


Sherlock 3CG 
Tip 
Confirmation 
system (TCS) 


19/3/2012 
and 


14/03/2014 


Yes Yes, 3 ECG 
electrodes 
(including 
stylet) 


Yes  


2.3.3 Comparator(s) 


The comparators used by the sponsor match the NICE scope: 


 PICC insertion followed by chest x-ray 


 Fluoroscopy to guide PICC insertion and confirm tip placement  


All evidence was based on the introduction of Sherlock 3CG TCS to a service and initially using chest x-rays for 


confirmation of tip location in addition to Sherlock 3CG TCS. Comparison was made between these techniques, 


but there was no evidence that compared blind placement with chest x-ray confirmation to Sherlock 3CG TCS.  


No evidence was found that considered the consequences of reported malpositions. This could include 


number of reinsertions actually performed, or occurrence of adverse events. 


The scope specifies the use of fluoroscopy as a comparator, this was also included by the sponsor, however no 


evidence was available. 
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The sponsor did consult a clinical expert and also send 7 questionnaires out to NHS sites that use Sherlock 3CG 


TCS. Details of this are reported in section 3.4.7. 


2.3.4 Outcomes  


The only clinical outcomes specified in the scope that were reported in any of the published evidence were: 


 accuracy of catheter tip placement 


 incidence of catheter malposition 


 treatment delay following catheter placement 


 change in staff time 


 requirement for confirmatory chest x-ray 


Additional outcomes that were reported included: the number of PICCs successfully placed in an acceptable 


location using Sherlock 3CG TCS, and the percentage of patients where Sherlock 3CG TCS could be used. In 


addition some papers reported cost and time savings.) 


The final scope listed additional outcomes, which were not reported in any of the published evidence 


identified. These were: 


 need for catheter re-positioning  


 impact of malposition-related complications such as infection / thrombosis 


 reduced in-hospital stay 


 requirement for fluoroscopy to correctly place the PICC tip 


 time taken to insert PICC 


  PICC failure / re-insertion rates 


 patient experience measures 


 quality of life 


 device-related adverse events  


2.3.5 Cost analysis 


The economic model is based on the population that require PICCs and are also suitable for ECG tip 


confirmation. The original scope included all patients requiring PICCs, those who do not use ECG tip 


confirmation will require a differnent approach and this should be included in the cost. It is likely that this 


would be either blind insertion and chest x-ray, or PICC insertion using Sherlock 3CG TCS combined with a 


chest x-ray for confirmation of tip position. The cost impact of this change would be low where there are small 


numbers requiring a different pathway and the pathways have similar costs.. 
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2.3.6 Subgroups 


No subgroups were identified in the scope, however the evidence (Johnston et al. 2014) does suggest that 


placement accuracy in ICU may be different from other situations (i.e. limited patient mobility makes the 


procedure more difficult). 


2.3.7 Special considerations, including issues related to equality 


No special considerations were identified in the scope. 


No equality issues were identified in the scope. Neither the sponsor nor the EAC have identified any further 


equalities issues. 
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3 Clinical evidence 


3.1 Critique of the sponsor’s search strategy 
The strategy has been assessed in accordance with the PRESS checklist (Peer Review of Electronic Search 


Strategies). The search strategy used by the sponsor is comprehensive using a range of Subject Headings and 


free-text terms together with Boolean and proximity operators. However the sponsor has not mapped the 


index terms to the various databases e.g. Embase uses the EMTREE thesaurus whereas Medline uses MeSH 


and these do not necessarily cross-match. It was noted that the sponsor assumed that the brand name would 


be contained within the title or abstract of relevant literature, lines 17 and 18 of search strategies. The EAC 


additionally identified Sainathan et al. (2014), albeit using Sherlock II TLS, which did not state the brand name 


in the title or abstract. Therefore a more general search string should have been incorporated to cover 


‘electromagnetic devices’. 


The sponsor limited the search to ‘English language’ and to studies published in the year 2000 or later. These 


are appropriate limits in that studies identified would be applicable to patients in England and cover the 


periods when the technology was launched. 


The sponsor searched the following Ovid databases: 


 MEDLINE 1946 to present 


 EMBASE 1988 to 2014 July 09 


 EBM Reviews – ACP Journal Club 1991 to June 2014 


 EBM Reviews - NHS Economic Evaluation Database 2nd Quarter 2014 


 EBM Reviews - Cochrane Central Register of Controlled Trials June 2014,  


 EBM Reviews - Cochrane Database of Systematic Reviews 2005 to May 2014, 


 EBM Reviews – Cochrane Methodology Register 3rd Quarter 2012,  


 EBM Reviews - Database of Abstracts of Reviews of Effects 2nd Quarter 2014,  


 EBM Reviews - Health Technology Assessment 2nd Quarter 2014 


The report indicates that Medline In-Process was searched although this is not clear and a strategy was not 


included for this database, it is likely that this database was searched simultaneously with Medline. The 


sources searched provide reasonable coverage of likely published evidence. Although conference abstracts 


were identified for this report a specific search of a conference proceedings database (e.g. Web of Science 


Conference Proceedings Science Citation Index) was not performed. 


The sponsor contacted NHS clinicians who were known to be using the technology as well as authors of 


identified relevant conference presentations. The sponsor searched the MHRA website and FDA (MAUD) 


database for adverse events. 
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Although the sponsor has identified the only ongoing trial it was not stated if a search of the WHO 


International Clinical Trials Registry Platform or ClinicalTrials.gov for ongoing studies was performed. The 


sources searched provide reasonable coverage of likely unpublished evidence however a search of the two 


clinical trials platforms together with a specific search of a conference proceedings database would have made 


the search for unpublished evidence more rigorous. The sponsor did not identify any unpublished studies. 


A flow diagram of study selection was clearly presented in the sponsor’s submission. 


We believe that the sponsor has identified all the relevant literature for this technology at the time of writing 


their report. They also identified relevant abstracts from grey literature that were not identified in the EAC 


search.  


3.2 Critique of the sponsor’s study selection 
The selection criteria were as specified by NICE in the published scope and these were appropriate. There was 


no selection based on study quality, and the EAC agree with this decision based on the very limited amount of 


evidence available.  


The sponsor restricted the submitted evidence to the current model of the device available in the UK, Sherlock 


3CG TCS, as specified in the scope. In the light of the small quantity and low quality of evidence available, the 


EAC widened the scope to include previous models of the device that included both magnetic tracking and ECG 


tip confirmation. This only resulted in one additional presentation that was of low quality (Symington 2011). 


The sponsor also sent questionnaires to selected NHS sites, but omitted to include this information in their 


submission. The information was provided separately to the EAC, and is summarised in table 7.  


A study by Johnston et al. 2014 was identified by the sponsor, but no details were included in the submission. 


This is presumed to be due to the publication of the study on the day before the sponsor’s submission. The 


EAC have included details of this study in the assessment report. 


3.3 Included and excluded studies 
Studies are described in more detail in section 3.4, including methodology and results. Table 3 summarises the 


papers that were included by the sponsor, and the additional information included by the EAC. None of the 


studies included by the sponsor were excluded by the EAC. 


 


 







 
 


Page 23 of 91 
 


Sherlock 3CG Tip Confirmation System 
External assessment centre report 


Table 3 Studies included by the sponsor and EAC 


Study  Patient population  Country Study design Technique used 
previously to 
study 


Number of 
PICC tips 
placed using 
Sherlock ECG 
TCS 


Included by sponsor 


Barton 2014 Adults with no 
atrial fibrillation 


UK (NHS) Case series  Chest x-ray 
confirmation 


65 in original 
study 


225 in follow 
up 


Adams 2013 Excludes patients 
without an 
identifiable p-
wave. 


USA Case series  Chest x-ray 
confirmation 


333 


Parikh 2013 Excludes patients 
with atrial 
fibrillation, atrial 
flutter, no 
discernable p-wave 
and those at 
increased risk of 
bleeding 


USA Case series, 
prospective 


Sherlock II TLS 
(magnetic 
tracking) plus 
chest x-ray 
confirmation  


209 in 
original study 


437 in follow 
up 


Stewart 2013 Not stated Australia Case series  Chest x-ray 
confirmation 


Unknown. 
Abstract 
states “over 
65” 


Included by EAC 


Johnston 2014 Excludes patients 
not in sinus 
rhythm. Setting is 
ICU. 


UK (NHS) Case series, 
retrospective 


Chest x-ray 
confirmation 


239 


Symington 
2011 


People in whom 
PICCS are inserted 


USA Case series Sherlock II TLS 
(magnetic 
tracking) plus 
chest x-ray 
confirmation 


63 


NHS 
Questionnaire 


Not stated UK (NHS) Questionnaire Chest x-ray 
confirmation 


unknown 


 


3.4 Overview of all included studies 
Only one study had a full published paper, all other evidence is based on conference abstracts and posters. 


Therefore critical appraisal could only be conducted for Johnston (2014) as the methodologies for the other 


studies were not sufficiently described.  


All of the studies are case series. The studies used a chest x-ray for confirmation of tip position, and the 


success rate is reported. For some studies it is unclear if the success rate relates to all PICCs placed, cases 
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where Sherlock 3CG TCS was attempted, cases where placement was ECG guided, or where ECG guidance was 


attempted. 


The definition of successful tip location varies between studies, and in some is not defined at all (Stewart 


2013). 


3.4.1 Johnston 2014 


Methodology 


Following the introduction of Sherlock 3CG TCS, a retrospective review of the first 250 patients to have PICCs 


placed was carried out. The included patients were all in the Intensive Care Unit (ICU), and this was the initial 


site for introduction of Sherlock 3CG TCS due to the high levels of malposition normally seen. PICCs were 


placed by the Vascular Access Team at the bedside, and a portable chest x-ray was used to confirm the tip 


location. If PICCs needed to be withdrawn to correct the location, this was done by the ICU team. If the PICC 


needed to be reinserted then the Vascular Access Team was used.  


From the first 250 patients, 11 were excluded from review because of failed insertions (2 cases), no chest x-


rays (2 cases), not possible to determine the tip position on the chest x-ray (2 cases), unable to interpret ECG 


criteria (4 cases), and catheter not long enough (1 case). For the review, two independent reviewers examined 


the chest x-rays and recorded the catheter tip location. It was noted that the arm was abducted for tip 


placement, and adducted for the chest x-ray, which may have caused movement of the catheter tip between 


placement and x-ray. 


Although there is no direct comparator for the intervention in this study, the same authors published a paper 


the year before Sherlock 3CG TCS was introduced (Johnston et al. 2013). This was a retrospective service 


evaluation reviewing records for patients both within ICU and non-ICU patients. The PICCs were placed using a 


blind anthropometric method, and then confirmed by chest x-ray. Data was collected on consecutive patients 


from ICU and every third non-ICU patient, since there were approximately three times as many non-ICU 


patients. Chest x-rays were reviewed by at least 2 out of 3 authors (1 of whom also reviewed chest x-rays for 


Johnston et al. (2014)).The study was at the same hospital with the same type of patient population and the 


same members of staff as Johnston et al. (2014). 


Critical Appraisal 


The paper clearly states the aims and methods of the study, patients are recruited consecutively and results 


are reported fully. There are no explicit exclusion criteria stated prior to the review. There were 11 patients 


excluded, and the reasons for exclusion given. For patients where malpositions were noted, there is no 


information about whether subsequent intervention to reposition the catheter was required, or whether a 


repeat procedure was needed (i.e. starting the process over again). No details of the patients included in the 


trial is given, other than they required PICC placement while being treated in ICU. No information about 
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adverse events is given. Declaration of interests is clearly stated – two authors have previously received 


honoraria from Bard, no external funding for the study or equipment was received. 


Results 


The abstract reports tip location, as judged by two independent chest x-ray reviews, for each of the 239 PICC 


placements where ECG was used for tip confirmation. Table 4 shows the number of PICCs placed in each 


position, together with the results from the period prior to introduction of Sherlock 3CG TCS, taken from 


Johnston 2013. 


Table 4 Results showing catheter tip locations, as defined by chest x-ray, both using Sherlock 3CG TCS and 
prior to its introduction (Johnston et al 2013, 2014) 


Tip position Using Sherlock 3CG 
TCS (Johnston 2014) 


Prior to Sherlock 3CG TCS (Johnston 2013) 


ICU ICU Non ICU 


 (n=239) % (n=246) % (n=233) % 


Malpositions
a
 above the superior 


vena cava (ipsilateral and 
contralateral) 


1
 c
 0.0%


 c
 51


 c
 20.7


 c
 33


 c
 14.2


 c
 


High superior vena cava 7 2.9% 27 11 26 11.2 


Mid superior vena cava 22 9.2% 42 17.1 25 10.7 


Low superior vena cava 58 24.3% 36 14.6 70 30 


Caval-atrial junction 47 19.7% 23 9.3 23 9.9 


Right atrium (upper 2cm) 63 26.4% 20 8.1 18 7.7 


Right atrium (lower than 2cm) 39 16.3% 35
c
 14.2


 c
 28


 c
 12.0


 c
 


Malpositions
b
 below the right 


atrium 
1


 c
 0.0%


 c
 5


 c
 2.0


 c
 5


 c
 2.1


 c
 


Others 1 0.4% 7 2.8 5 2.1 


a 
Malpositions include ipsilateral and contralateral positioning in the axillary vein, internal jugular vein, 


subclavian vein and brachiocephalic vein. 


b
 Malpositions include the right ventricle and inferior vena cava


 


c 
These figures were calculated by EAC from papers due to different presentations of figures between the two 


papers. 


The authors used two alternative definitions of acceptable placement to summarise the data. Criteria 1 is the 


low superior vena cava and cavo-atrial junction, reflecting the definition typically used in the USA. Criteria 2 is 


the mid and lower superior vena cava, cavo-atrial junction and the high right atrium, which is in line with 
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European guidelines (Pittiruti et al, 2009). Table 5 shows the results for prior and post the introduction of 


Sherlock 3CG TCS. 


Table 5 Number of catheter placements defined as malpositioned using two different criteria, both using 
Sherlock 3CG TCS and prior to its introduction (Johnston et al 2013, 2014) 


Definition of adequate tip 
position 


Using Sherlock 3CG TCS 
(Johnston 2014) 


Prior to Sherlock 3CG TCS (Johnston 2013) 


ICU ICU Non-ICU 


 (n=239) % and 
95% CI 


(n=246) % (n=233) %  


Criteria 1: Low SVC / CAJ  134 56.1% 
(50-62%) 


187 76.0% 140 60.1% 


Criteria 2: Mid and low SVC / CAJ / 
high RA (upper 2cm) 


49 20.5% 
(16-26%) 


125 50.8% 97 41.6% 


Johnston et al. (2014) also calculate malposition rates using different definitions of the acceptable portion of 


the right atrium. They show that the malposition rate would be as low as 4.2% (10/239) using Sherlock 3CG 


TCS if any position in the right atrium were considered acceptable.  


The malposition rate using Sherlock 3CG TCS is significantly lower than blind anthropometric placement for 


both criteria (p<0.0001), although caution is needed as the studies are not directly comparing identical 


populations. The malposition rate using Sherlock 3CG TCS is noticeably higher than that reported in the other 


studies (Pittiruti et al. 2012, Schweickert et al. 2009). Johnston et al. 2014) suggest several reasons for this. 


They noted that it was sometimes difficult to determine the exact point of a maximum p-wave or biphasic p-


wave, particularly with patients in ICU as they are likely to have ECG artefacts due to co-morbidities. They also 


note the possibility that the catheter tip moves with arm movement since the PICC is placed with the arm 


abducted, and the chest x-ray with the arm adducted. In an earlier paper Johnston et al. (2013) also show 


differences between ICU and non ICU for blind PICC placements with X-ray and suggest that factors could 


include the difficulty of patient positioning during catheter insertion, presence of other central venous 


catheters and differences in venous flow due to mechanical ventilation. 


The authors conclude that if a broader definition of an adequate tip position is considered acceptable, then 


Sherlock 3CG TCS can be used for tip confirmation without a routine chest x-ray. However if a narrower 


definition of tip position (low SVC / CAJ only) is required, then Sherlock 3CG TCS is inadequate without chest x-


ray. 


3.4.2 Barton 2014 


Methodology 


An abstract for an oral presentation from the World Congress Vascular Access 2014 reports on the 


introduction of Sherlock 3CG TCS to a nurse led PICC service at Frimley Park Hospital. Sherlock 3CG TCS was 


used for PICC placement in 65 patients, all adults with no atrial fibrillation. All patients had chest X-rays to 
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confirm the tip location. Following this first trial, an application to amend local protocol and remove 


mandatory chest x-ray following PICC placement was made, and during the application process a further 160 


PICCs were placed using Sherlock 3CG TCS and position confirmed using chest x-ray, giving a total of 225 


reported patients. The definition of acceptable tip position was the lower third of the SVC, or CAJ. Positioning 


in the right atrium would have been clinically unproblematic and may not be clearly distinguished using the 


chest x-ray (personal communication 2014). 


Critical Analysis 


Only a short abstract is available and therefore critical analysis is not possible. The information has not been 


peer reviewed. The author was contacted and added information on the acceptable tip position used and the 


number of patients where Sherlock 3CG TCS could not be used. 


The abstract reports the success rate of tip positioning in only those patients in whom the magnetic tip 


position plus ECG tip confirmation could be used. This did not account for cases where Sherlock 3CG TCS was 


not suitable, or where there was a failure of the ECG system, however the author has subsequently provided 


this information.  


Review of chest x-rays was by an independent physician. No declaration of interests was stated. 


Results 


Chest x-rays confirmed that the tip position was acceptable in 100% of the cases reported. The author reports 


that during the trial period only 2 patients were not suitable for Sherlock 3CG TCS and had PICCs placed with 


fluoroscopy. Since the introduction of Sherlock 3CG TCS to the hospital, 11 patients have required chest x-rays 


due to failure of the ECG system to provide tip confirmation. Of these, 5 cases were due to atrial fibrillation, 


and 6 cases were due to a failure of the electrode connections. Frimley Park Hospital has gone on to remove 


the requirement for routine chest x-ray 


3.4.3 Parikh 2013 


Methodology 


A poster from the Radiological Society of North America 2012 for a prospective case series, from October 2011 


to April 2012, reports on 247 PICCs that were placed in 221 patients, mean age of 62 (range 15-100). Sherlock 


3CG TCS was used for tip placement and confirmation, except for patients with atrial fibrillation, atrial flutter, 


no discernable p-wave and those at increased risk of bleeding (38/247). The tip position was confirmed by 


chest x-ray evaluated by 2 independent observers. A satisfactory tip placement was defined as the superior 


vena cava or cavo-atrial junction.  


The study was carried out in 2 phases: 


Phase 1 – Voluntary training consisting of a 1 hour PICC refresher, 3 hour online course, 1 hour taught course 


and 1:1 training with Bard nurse trainer (completed by 4 out of 7 nurses).  
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Phase 2– Mandatory completion of Phase 1 training plus performing 5 PICCs with observation by a Bard nurse 


trainer.  


Following the completion of the study, from November 2012 to May 2013, 567 further PICCs were placed, 437 


using Sherlock 3CG TCS.  


Critical Appraisal 


Only a poster is available, however it is quite detailed and contains sufficient information for some critical 


analysis. The patient population was clearly defined, as was the acceptable tip placement. Assessment of the 


tip position was by 2 independent observers who had not seen the clinical reports. Patients excluded are 


clearly stated, with reasons. The information has not been peer reviewed.  


No declaration of interests was stated. 


Results 


For Phase 1, 95.4% (62/65) of PICCs were placed using Sherlock 3CG TCS, 4.6% (3/65) were excluded from the 


results in line with the criteria. Successful tip placement was 83% (n=62) for those using Sherlock 3CG TCS. 


For Phase 2, 80.8% (147/182) of PICCs were placed using Sherlock 3CG TCS, 19.2% (35/182) were excluded 


from the results in line with the criteria. Successful tip placement was 96% (n=147) for those using Sherlock 


3CG TCS. 


Between November 2012 to May 2013, 567 PICCs were placed, of which 437 used Sherlock 3CG TCS for tip 


placement and confirmation. Of the 437 PICCs that used Sherlock 3CG TCS, 24.9% (109/437) still used chest x-


ray for confirmation. Reasons given included unclear baseline cardiac rhythm and difficult or complicated PICC 


placements. It is unknown if the PICCs that did not use Sherlock 3CG TCS required chest x-ray, however this is 


probable. 


The study highlights the need for thorough training in using the ECG tip confirmation technology. 


3.4.4 Adams 2013 


Methodology 


A poster from the Association of Vascular Access annual meeting 2013 reports on the introduction and 


evaluation of Sherlock 3CG TCS to the Eden Medical Centre, USA, prior to removing routine chest x-rays from 


the standard local protocol. Sherlock 3CG TCS was used over a 9 month period, to place PICCs in 333 patients, 


who all subsequently had a chest x-ray assessed by two radiologists. Correct placement was interpreted as the 


distal SVC or CAJ.  


Critical Analysis 


Only a short abstract and poster are available and therefore full critical analysis is not possible. The 


information has not been peer reviewed. The poster reported the number of occasions where Sherlock 3CG 
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TCS was used to confirm tip position, and the success rate of accurate tip position for these as reported 


separately by two radiologists. The poster also reports changes in waiting time and costs. 


No declaration of interests was stated. 


Results 


Sherlock 3CG TCS was used to confirm tip position in 83.5% of patients (278/333). In 16.5% (55/333) the ECG 


system could not be used to confirm tip position because of an abnormal p-wave, loose connections, poor 


electrode placement or similar. Abnormal p-wave accounted for 12.9% (43/333) of patients. 


Where Sherlock 3CG TCS was used to confirm tip position, the first radiologist found that 96.4% (268/278) 


were placed accurately and 3.6% (10/278) were malpositioned. The second radiologist found that 98.2% 


(273/278) were placed accurately and 1.8% (5/278) were malpositioned. 


Previous tip location had used Sherlock Tip Location System, with magnetic tracking and a confirmatory chest 


x-ray. Rates of malposition in 2011 were reported as 14%, it is unknown if these required a simple pull back of 


the catheter, or more intensive intervention such as a replacement catheter procedure. 


The poster reports that the PICC line was ready for infusion 61 minutes earlier when using Sherlock 3CG TCS 


than using chest x-ray and radiologist report for tip position confirmation. There is no information available on 


how this was measured, or if this resulted in infusions being given earlier, or if any gain in time was carried 


through to subsequent treatment. 


Cost savings are reported, however there are very few details provided. This is discussed in the economic 


evidence section 4.1.  


Chest x-rays are no longer mandatory for PICCs placed using Sherlock 3CG TCS at this health facility. 


3.4.5 Stewart 2013 


Methodology 


This abstract and poster from the Association of Vascular Access annual meeting, 2013, provided very little 


methodological information. The abstract states that between “Nov 2012-March 2013 we recruited over 65 


patients”. The PICCs were placed using Sherlock 3CG TCS and tip position confirmed using chest X-ray. No 


information is given on what tip positions were deemed acceptable, or who reported on the chest x-ray. 


Critical Appraisal 


Only a short abstract and poster are available and give minimal information. No critical analysis is possible. The 


information has not been peer reviewed. Information should be treated very cautiously since even the number 


of patients recruited is not accurately reported. 


No declaration of interests was stated. 
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Results 


The abstract reports that 100% of malpositions were corrected at the time of placement, 96% of ECG guided 


tip locations were within the CAJ, with 4% being within the right atrium. Discrepancies between locations 


reported by ECG and x-ray were noted, though these were resolved as experience with Sherlock was gained. 


A saving of the time between PICC and results of chest x-ray of 1 hour 51 minutes was noted. There is no 


information available on how this was measured, if this led to earlier treatment, or if any gain in time was 


carried through to subsequent treatments. 


Cost savings are reported, however there are very few details provided. This is discussed in the economic 


evidence section.  


3.4.6 Symington 2011 


Methodology 


A presentation is available, from the Association of Vascular Access annual meeting, 2011. Sherlock TLS and 


Sapiens TCS were used together at two sites and the results reported for the first 63 patients where the 


technology was technically successful. 


Critical Appraisal 


Only a presentation is available with minimal information on the trial, full critical analysis is not possible. The 


information has not been peer reviewed.  


The author is a paid presenter for Bard Access Systems, and this is clearly stated in the slides. The EAC 


contacted the author who confirmed that the system used was Sapiens TCS for ECG monitoring, and Sherlock 


TLS for magnetic tracking. These are earlier versions whose technologies were subsequently combined to give 


the Sherlock 3CG TCS.  


Results 


The presentation reports that approximately 5% of patients were not “technically successful”. The reasons 


given were quoted as:“ could not cannulate vein; could not advance catheter; would not go down with 


Sherlock II detector; too short; occluded veins”. These patients were excluded from the 63 reported results, 


where 62/63 were within the accepted tip location. Only 1 was reported as being too short due to a pseudo or 


accessory SA node.  


At the time of the presentation Symington reports a total of 604 PICC placements having been completed 


using Sherlock TLS / Sapiens TCS, and that routine chest x-rays were no longer required if ECG tip confirmation 


was used. 
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3.4.7 NHS Questionnaire 2014 


Methodology 


For the purposes of this evaluation, the sponsor sent questionnaires to 8 centres (2 centres covered by 1 


contact) in the UK that currently use Sherlock 3CG TCS, 6 questionnaires were completed.  


Critical Appraisal 


Not all the questions were clearly worded, and they have been answered in different formats by different 


centres making any summation of the numerical results difficult. The information has not been peer reviewed. 


The sponsor states that the questionnaire was sent to the sites that had been fully trained in the use of 


Sherlock and that had considerable experience of using the device. Sherlock 3CGTCS is currently used in 14 


sites in NHS England and 2 sites in the NHS in Northern Ireland. There was a risk of bias in the responses since 


not all sites were surveyed, and those with the most positive views may be those with the most experience of 


using the device. To investigate this, the EAC sent a brief set of questions to the 7 of the remaining 8 sites (one 


did not have a co-ordinator in post) plus the site who had not responded to the sponsor. The 6 responses 


received are summarised in table 9.  


The sponsor reports that 9 sites have discontinued the routine use of chest x-ray confirmation, where Sherlock 


ECG TCS is used for PICC placement. The EAC was only able to confirm 6 of these from the sponsor 


questionnaires and EAC questions due to missing data. 


Results 


The results are presented in full in table 10. Due to different interpretations of the questions and the variation 


in services and protocols it is not meaningful to aggregate the responses, however they do highlight the wide 


variety of different practices that occur across the UK. Actual variation will be even greater since the responses 


are from services that are already set up in such a way that utilising Sherlock 3CG TCS fits into their practice. 


All 6 responses had nurse-led PICC placement services and previously used chest x-ray to confirm PICC tip 


location. When asked the number of malpositions prevented by using Sherlock 3CG TCS 5/6 gave a positive 


number, 1/6 did not respond. The numbers cannot be interpreted with confidence since the question is not 


clear if these should be reported on a per week basis, or since starting to use Sherlock 3CG TCS.  


 For repositioning if the tip is too long (judged by chest x-ray) 5/6 sites said they pulled back the PICC to the 


correct length, 1/6 did not respond. 2/6 said that they would carry out a repeat chest x-ray, 2/6 did not 


mention using a repeat chest x-ray and 1/6 would sometimes x-ray again. 


When the tip is malpositioned in the internal jugular vein, contralateral vein, or above the SVC , 3/6 would 


remove and replace the PICC, 2/6 would wait overnight if the malposition was IJ, and 1/6 would pull the PICC 


back and use as a midline catheter. Only 1/6 said they would immediately use the fluoroscopy suite (if 


available) 
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Table 6 Responses to sponsor questionnaire survey part 1 


1. Practice before the introduction of Sherlock 3CG TCS 


Centre 1 Centre 2 Centre 3 Centre 4 Centre 5 Centre 6 
1.1 How is your PICC service currently set up (Nurse/Radiographer/Radiologist/Anaesthetist let, location of PICC service, days you offer service, day case/inpatient)? 


Nurse- led 
service 


Nurse-led with 4 PICC placers The PICC service runs 5 days a week from 8-4pm. 
It is a Nurse led service with 99% of all PICCs 
being inserted by the Clinical Nurse Specialist for 
Vascular Access. The Consultant Interventional 
Radiologists provide supportive clinical guidance 
and assistance should a complication occur. The 
most common complication was malposition, 
although in the last 6 months they have not had 
to reposition any PICCs placed with Sherlock 3CG. 
The Nurse led PICC service covers every 
department of the Trust including outpatients, 
ITU, Oncology, haematology, Parenteral nutrition 
etc. 


Nurse led/ Medical Day Unit’s 
and Minor Procedure Suite/ 
service Monday to Friday/day 
case and inpatients 


Nurse led 3 days 
per week both day 
case and inpatient. 


Nurse Led , 
non-
emergency 
service, 5 days 
a week  


1.2 What was the current method of PICC placement (devices used to aid placement etc)? 


Ultrasound Ultrasound and micro-introducer Prior to using Sherlock 3CG PICC lines were 
placed at the bed side using the site rite and 
asking the patient to perform placement 
manoeuvres, tucking chin to the left or right etc. 
Placement was confirm via a chest x-ray, If the 
PICC was malpositioned in the IJ or contra 
laterally then the PICC would be repositioned or 
reinserted in interventional radiology with 
fluoroscopy by the CNS for vascular access or by 
an Interventional radiologist.  


Siterite5 Ultrasound and MI 
kit for upper arm placement 


Currently using 
Sherlock 3CG 


Upper arm 
placement 
using 
Ultrasound  


1.3 What was the current method of PICC tip confirmation? 


Chest X-ray CXR CXR CXR CXR CXR 
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1.4 How many patients in last 12 months prior to Sherlock 3CG TCS had delay in their treatment waiting for a confirmation X-ray? 


1.4a Number of patients 


All patients had 
PICC insertion 
prior to 
admission for Rx 


As we place next to the x ray 
department this is difficult to estimate 
as our CXR’s are done quickly. We do 
get a regular delay of an hour wait 
each Monday as we place just prior to 
lunch which frequently means that x 
ray is closed over lunch. Patients are 
booked closely together which means 
that we have to wait for the CXR 
before starting the next patient this 
can be an additional 15minutes on 
each PICC placement 


425 30 N/A as still training, 
however no 
overwire changes 
or re CXR required. 
still able to use 
Sherlock 3cg with 
patients that have 
cardiological 
morbidity e.g. atrial 
flutter pacemaker. 


none 


1.4b Average wait time (hours) 


No response No response 1 hour 2 Sending pts to x-ray 
knowing tip is down 


No response 
given 


1.4c minimum wait time hours 


No response No response 20 mins 0.5 Sending pts to x-ray 
knowing tip is down 


No response 
given 


1.4d maximum wait time hours 


No response No response 48 hours 6 Sending pts to x-ray 
knowing tip is down 


No response 
given 


1.5 What was your procedure for PICC malposition (malposition defined as PICC in IJ / contra lateral vein / above SVC)? 
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Removal of the 
PICC and a new 
line placed 


We bring the patient back into the 
PICC room and try and reposition the 
picc then do a second cxr. If the picc is 
still in the incorrect position for 
instance IJ then we would pull the PICC 
and go to the opposite arm or refer for 
a tunnelled line under fluoroscopy. 


The PICC would be adjusted or re-inserted in the 
Fluoroscopy suite if one was available. If 
Fluoroscopy not available, the PICC would be left 
unused for up to 12hours and re-x-rayed, if the 
PICC was still in the wrong place an fluoroscopy 
suite would be sought again and the PICC 
reinserted, if fluoroscopy unavailable still, the 
PICC would be removed and re-insertion 
rescheduled with fluoroscopy.  


IJ- leave in overnight and 
check X-Ray the next day. 
Contralateral- remove and 
replace. Above SVC- over 
guidewire exchange. 


Await 24hours and 
re xray if IJ, 
alternatively 
overwire change, 
new procedure, 
then cxray if still 
misplaced referred 
skin tunnelled line. 


Pull back PICC 
to use as 
midline  


1.6 Please indicate the number of patients (or %) with the following 


1.6a PICC in IJ 


2% 40% including poor position in SVC and 
PICC in IJ 


10% 7 15 4 


1.6b PICC in contralateral vein 


0.50% No response 1% 1 0 No response  


1.6c PICC above SVJ 


10% 40% including poor position in SVC and 
PICC in IJ 


5% 3 2 no response  


1.7 What was your procedure for PICC repositioning when Chest X-ray confirms PICC tip is too long? 


Pull back the 
line and re-X-
ray 


We are able to measure on the CXR 
and pull back the amount needed. If 
over 5cm then we do a second CXR 


The PICC would be measured on the X-RAY and 
pulled back accordingly, this would be 
documented and them the PICC could be used.  


Pulled back to suggested 
length, sometimes re-x-rayed 


67 Ward nurses 
pull back PICC  


1.8 What patient demographic do you place PICC for (disease area only)? 


Malignant and 
non-malignant 
Haematology as 
well as oncology 


Oncology and Haematology Oncology, Breast CA, Haematology, Respiratory, 
Gastroenterology, ITU (single and multi-organ 
failure), CFU, Paediatrics, ambulatory care, 
orthopaedic bone infections, surgical site 
infections, Parenteral Nutrition, All patients who 
require vascular access and fulfils the criteria for 
PICC insertion.  


Cancer Oncology 
haematology, 
parenteral 
nutrition, long term 
iv antibiotics. 


Oncology , 
haematology , 
antibiotics, 
access  


1.9 What was your hospital policy for PICC confirmation? Please attach a copy or paste a link below, if appropriate 
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No response We aim to place picc in the low svc The picc line was considered safe to use if the tip 
of the picc was placed in the lower 3


rd
 of the svc, 


or 5cm below the carina.  


Patients must not be 
discharged back to the ward 
until a post-procedure check 
cxr has been reviewed by the 
individual who performed the 
procedure. The tip of a cvad 
should be verified on chest x-
ray prior to use and the exact 
location of the tip 
documented in the medical 
notes. 


Cxr Vascular 
access nurses 
check tip 
placement 
after 
achieving 
competencies,  
and irmer 
course  


 


Table 7 Response to sponsor questionnaire survey part 2 


2. Placing PICCs without Sherlock  


 Centre 1 Centre 2 Centre 3 Centre 4 Centre 5 Centre 6 


2.1 Average number of PICCs placed (BEFORE 
Sherlock 3CG; Quantity per week) 


4 650 PICCs per year 9 PICCs per week 
between April12 
and April13 


12 296 per annum 21.9 


2.2  Malpositions (quantity in 12 months)* 30 Estimated total of 
40% 


   No response  


2.2a   PICC in IJ No response No response 42/425 7 15 No response 


2.2b  PICC in contralateral vein No response No response 4/425 1 0 No response 


2.2c  PICC above SVC No response No response 21/425 3 2 No response 


2.2d  PICC length too long No response No response 62/425 28 67 No response 
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2.3Average wait time for confirmation X-ray in 
hours 


1 We have a minimal 
wait for CXR as 
PICC room placed 
next to CXR 


1 hour 30-60 mins 1-4 hours No response 


2.4 Repositioning tip position after X-ray 
(quantity in 12 months) 


20 No response 108/425 28 82 No response 


* these questions were also asked in section 1.6, and answered by more respondents 


Table 8 Response to sponsor questionnaire survey part 3 


3. Placing PICCs with Sherlock 3CG  


 Centre 1 Centre 2 Centre 3 Centre 4 Centre 5 Centre 6 


3.1 a Quantity of PICCs placed to date with 
Sherlock3CG 


25 100+ 217 460 50 56 


3.1b PICC placement using Sherlock - no per 
week 


5 to 6 10 to 15 10 15 12 1.5 


3.1c Malpositions quantity No response No response  16  No response  


3.1d PICC in IJ No response None None 4 0 No response  


3.1e PICC.in contralateral vein No response None None 1 0 No response  


3.1f PICC above SVC No response None None 0 0 No response  


3.1f PICC length too long 1 (p wave not 
consistent, so 
wasn't appropriate 
for Sherlock) 


None None 4 0 No response  


3.1g Quantity of malpositions prevented with 
Sherlock 3CG? (Number) 


9 20 (see additional 
data) 


217 16 10 No response  


3.1h Repositioning after chest X-ray (Number) 1 (see 3.1f) None None 4 0 No response  
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3.1j After how many piccs placed with Sherlock 
3CG did you stop using confirmation X-ray? 


Not happened yet Still using CXR The first 100 x-rays 
have been used to 
verify Sherlock 
3CG. 


330 Currently still using 
both during 
training 


No response  


3.1k If you are still using confirmation x-ray 
after how many PICC placements do you plan to 
stop? (Number) 


35 Yes ( number not 
provided) 


Waiting for the 
final sign off of the 
first 100.  


N/A 100 No response  


 


Table 9 Reponses to EAC questions 


Brief questions sent by EAC to NHS sites using Sherlock 3CG TCS who had not received sponsor questionnaire 


Centre A Centre B Centre C Centre D Centre E Centre F 


1. How long has Sherlock 3CG TCS been used at your site?    


Since 01/04/14. Since 10th March 2014. Since April 2013 Since March 2014. 


 


Since April 2013 


 


Since Jan 2014 


2. Has training been completed yet for staff who use Sherlock 3CG TCS? 


5 staff have now reached 
competency and 
practicing without 
supervision.  


Yes training has been 
completed with the 
exception of one staff 
member who was off on 
leave but will have training 
completed by September. 


Training completed within 
2 weeks of commencing 
use although all our 
placers were already very 
experienced 


 


There are 2 nurses who are 
now competent in using the 
SHERLOCK and 1 who will be 
soon. 


 


Training has been 
completed for all 6 staff in 
the department who use 
Sherlock 3CG TCS 


 


Yes 


3. Approximately how many PICC procedures (in-patient and out-patient) have been carried out at your site using Sherlock 3CG TCS? 


235 lines have been 
placed in our outpatient 
oncology service and 150 
lines in our inpatient 
service using the Sherlock 
3CG TCS.  Both are nurse 
led services. 


81 PICC procedures have 
been carried out to date. 


1185 


 


Approximately 150 since 
March 2014. 


 


1359 PICC procedures (in-
patient and out-patient) 
have been carried out at 
our site using Sherlock 
3CG TCS 


 


Approx 35 
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4. Are chest x-rays routinely used with Sherlock 3CG TCS to confirm PICC placement at your site? 


No. We only perform CXR 
to confirm Tip position on 
those patients that have 
AF or if there is any 
query/concern that the tip 
may not be in the correct 
position. 


Currently an audit is being 
carried out with chest x-rays 
being used with Sherlock 
3CG to confirm tip 
placement but it is hoped 
that we will  stop using 
chest x rays in the near 
future. 


Yes 


 


We used chest x-rays for the 
first 40 to ensure the nurses 
were competent in placing 
with the ECG. We use x-rays 
if we are uncertain of the tip 
position but this is minimal. 


Chest x-rays are not 
routinely used with 
Sherlock 3CG TCS to 
confirm PICC placement at 
our site. A chest x-ray will 
only be performed if a P 
wave is not evident. 


Yes 


 


5. Do you have any comments to make about Sherlock 3CG TCS and your experience of using it? 
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We believe that the 
Sherlock 3CG TCS is a 
reliable way of confirming 
a PICCs position within the 
SVC. It enables the 
inserter to visually direct 
the line using the 
magnetic navigation 
system and then double 
check this by utilizing the 
ECG confirmation system. 
However what is essential 
is that the inserter is 
properly trained in the use 
of the system and 
recognises its limitation 
and is fully aware of when 
a chest X-ray is required 
for confirmation. Bard do 
offer a comprehensive 
training program and work 
very closely with each 
individual trainee to 
ensure that competency is 
achieved. I strongly 
believe that this training is 
equally as important as 
the technological 
advancement that this 
system offers.  


Absolutely love the new 
technology and look 
forward to learning more 
and becoming more 
confident in using this latest 
piece of equipment. 


 


Our thoughts about it are 
covered in the discussion 
of our Anaesthesia paper 
(Johnston et al, 2014) 


The use of SHERLOCK 
enables a relatively 
comfortable procedure as 
many are done at the 
bedside, family can stay 
with them.  


A comment from a patient 
was “Why does it take a 
doctor and 2 nurses in 
Interventional radiology and 
you manage on your own?” 


Clinic patients (usually 
oncology) are relieved they 
don’t have to go for x-rays 
as there can be a wait 
involved. 


 


Our experience to date 
about Sherlock 3CG TCS 
has been very positive. It is 
a very accurate system 
that streamlines the PICC 
insertion process 


 


The only issue I would have 
is that you have to switch 
off all the plugs around the 
site to stop electrical 
interference. That is the 
only issue I have.  
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3.5 Overview and critique of the sponsor’s critical appraisal 
The sponsor only included four conference abstracts for the clinical evidence submission. The sponsor 


attempted to perform a critical appraisal of each conference abstract, in accordance with the submission 


template, using an adapted Critical Appraisal Skills Programme (CASP) checklist. Critical appraisal of conference 


abstracts cannot be undertaken if insufficient detail is reported within abstracts. 


3.6 Results summary 
The results from section 3.4 are summarised in table 10 for each study. 
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Table 10 Key outcomes from studies 


Study  Country Review of PICC Number of PICCs 
placed using ECG 


Acceptable position 
stated 


Number of PICCs placed 
using ECG that were in 
acceptable position 
judged by x-ray 


Number of PICCs placed with 
Sherlock that could obtain ECG 
placement 


Included by Sponsor 


Barton 2014, abstract 
+ additional 
information from 
author 


UK x-ray with review 
by independent 
consultant chest 
physician 


65 assessed in initial 
study period and 225 
in total before x-ray 
was discontinued 


Lower 1/3 of SVG or 
CAJ 


100%  During trial 2 patients required 
fluoroscopy for placement. 


Adams 2013, abstract 
and poster 


USA Review of x-ray by 
a second 
radiologist 


333 Distal SVC or CAJ 96.4% on 1
st


 review 


98.2% on 2
nd


 review 


16.5% were not able to confirm 
tip placement using Sherlock 


Stewart 2013 abstract 
and poster 


Australia Unknown “over 65” Unknown 96% within CAJ,  


4% within RA 


Not reported 


Parikh 2013 abstract 
and poster 


USA Chest radiograph 
assessed by 2 
independent 
assessors 


247 PICCs, 221 
Patients 


Phase 1: 62 included, 
3 excluded 


Phase 2: 147 
included, 35 
excluded 


SVC or CAJ Phase 1: 83% correct 


Phase 2: 96% 


2012-2013: 567 PICCs placed 


437 using Sherlock 3CG TCS 


109/437 required x-ray (25%) 
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Study  Country Review of PICC Number of PICCs 
placed using ECG 


Acceptable position 
stated 


Number of PICCs placed 
using ECG that were in 
acceptable position 
judged by x-ray 


Number of PICCs placed with 
Sherlock that could obtain ECG 
placement 


Additionally included by EAC 


Johnston 2014 peer 
reviewed paper 


UK Chest x-ray 
reviewed by two 
independent 
assessors 


239 PICCs. From 
initial 250, 11 
excluded: 


C1: low SVC or CAJ 
(based on American 
practice) 


C2: mid/low SVC, CAJ 
or high RA  


(based on preferred 
UK practice) 


Criteria 1: 134 catheters 
(56.1%; 95% CI 50–62%) 
were malpositioned. 


Criteria 2: 49 catheters 
(20.5%; 95% CI 16–26%) 
were malpositioned. 


250 PICCs reviewed, 11 
excluded:  


 failed insertions (2);  


 no chest radiograph after 
procedure (2);  


 not possible to determine tip 
position chest radiograph (2);  


 unable to interpret ECG 
criteria(4);  


 and catheter not long enough 
for adequate insertion length 
(1).  


NHS Questionnaire 
from sponsor 


UK Chest x-ray, 
reviewers unknown 


Various Not stated Various,  


Symington 2011 USA By author 63 during study Sweet Spot, as 
defined by author 


98.4% (62/63) reported that about 5% of 
attempts were not successful  
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3.7 Description of the adverse events reported by the sponsor 
The sponsor found no adverse events reported in any studies, or in the publically available search of the MHRA 


website, and the EAC agree with this finding. 


The sponsor searched FDA (MAUDE) using the search terms Sherlock 3CG or Sapiens and retrieved 51 records. 


The sponsor did not provide details of these records, but commented that they were not necessarily device-


related complications or adverse events. 


The EAC replicated the search, but using the terms Sherlock AND Bard or Sapiens AND Bard. We retrieved a 


total of 100 records. The EAC did not carry out any search for other types of PICC insertions and therefore the 


comparable rate of adverse events for blind PICC insertion with chest x-ray is unknown. The adverse events 


reported may be common to all types of PICC insertion. 


The FDA (MAUDE) data base details reports of device adverse events as they are submitted, in some cases the 


manufacturer will respond to the report. There is no mechanism for verifying reports, or ensuring details are 


entered correctly and that they are not duplicated.  


There were a number of event types that appeared repeatedly, and the EAC has attempted to summarise 


these in table 11. The events are summarised based on the descriptions submitted to FDA (MAUDE) and have 


not been verified in any way, they may be events that are common to other types of PICC line insertion. 


There were 29 occasions reporting the wire tip or stylet being broken or damaged during use. Sherlock 3CG 


TCS instructions for use state that the stylet should be positioned just inside the tip of the catheter to avoid 


damage to it.  


On 23 occasions adverse patient reactions were noted, these were usually during the insertion process and 


resolved with minimal intervention and a small delay to allow patient recovery. Typical symptoms appeared to 


be shortness of breath and a flushed face. Treatments included administration of oxygen or anti-histamine. 


There were 18 cases of catheter malfunction reported. These included 14 reported leaks, splits or holes plus 


one blockage, one insertion failure and two cases of knots in the PICC. 


Malposition of the PICC tip was reported in 14 cases. It appears that some of these may be problems during 


initial positioning, and some may have either been detected subsequently or have occurred subsequently due 


to PICC movement. There is not enough information reported to draw any further conclusions. 
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Table 11 Adverse events related to versions of Sherlock, reported in MAUDE 


Description of reported adverse events Number of records 


Wire tip or stylet broken or deformed during use, no long term 
complications reported. 


29, of which 21 stated that 
intervention was required.  


Patient reaction, no long term complications reported.  23 


Catheter malfunction 18, of which 1 event resulted in a 
patient developing sepsis 


Malposition 14 


Packaging 1 


Unclear 3 


Repeat reporting  11 


Irrelevant report 1 


Total 100 


3.8 Description and critique of evidence synthesis and meta-analysis carried 
out by the sponsor 


No evidence synthesis or meta-analysis was carried out. This was appropriate for the evidence available. 


3.9 Additional work carried out by the External Assessment Centre in 
relation to clinical evidence 


EAC literature search 


The EAC conducted an independent search for clinical and economic evidence relevant to the scope. The 


methods are presented in Appendix 1. Briefly, we searched the following sources: Medline, Medline In-


Process, Embase, The Cochrane Library, HEED, EconLit, Web of Science, National Technical Information Service 


database, NHS Evidence, Pubmed, Cost Effectiveness Analysis registry, EconPapers, International Clinical Trials 


Registry Platform, Clinicaltrials.gov, MAUDE, MHRA and EMA. In addition, citation tracking of relevant studies 


was performed in either Web of Science or Google Scholar and the reference lists were checked for other 


relevant publications. Both these steps were also carried out for the sponsor’s included studies. Figure 4 shows 


the EAC’s study selection process. 


In the light of the small quantity and low quality of evidence available, the EAC widened the scope to include 


previous models of the device that included both magnetic tracking and ECG tip confirmation. 


The EAC included: 


 5 clinical studies: Adams 2013, Barton 2014, Johnston 2014, Parikh 2012, Stewart 2013, Symington 


2011 


 NHS Questionnaire 


 100 adverse incident reports 


 1 ongoing study 
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The EAC contacted authors Barton, Johnston and Symington for additional information. In addition the EAC 


attempted to contact authors of abstracts identified by the EAC literature search as possibly relevant, however 


this was not successful. 


The EAC requested information from NHS sites using Sherlock 3CG TCS and compiled responses. 


The EAC requested information from the sponsor concerning the claim on their website of “In a clinical study, 


99.1% of 114 PICCs were placed at the CAJ or within +/- 1 cm using Bard® Tip Confirmation Technology”. This 


was based on a paper by Pittiruti et al (2012) which looked at a number of devices to confirm PICC tip location 


using ECG, including Sapiens TCS. The sponsors had analysed the subset of patients where Sapiens TCS was 


used to obtain this result. Sapiens TCS does not include a magnetic tracking component, and Sherlock II TLS (or 


equivalent) was not used with Sapiens TCS, therefore information from this study was not included. The EAC 


have not carried out any critical analysis of either the paper by Pittiruti et al. (2012), or the information from 


Bard taken from this study. The study was not included in the manufacturer submission.  
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Figure 4 EAC's study selection flowchart 


Records identified through database 
searching – duplicates & irrelevant 


records removed  
(n =380) 


Additional records identified through 
other sources  


(n = 102)  


First screen in duplicate: title/abstract  
(n = 482) 


 


Records excluded  
(n = 365)  


Second screen: assessed for 
eligibility at full text  


(n = 16)  


Full-text articles 
excluded, with 


reasons  
(n = 15) 


Publications 
included in clinical 


evaluation  
(n = 1) 


 


Publications 
included in 
economic 
evaluation  


(n = 0) 


Included: adverse 
event reports 


(n=100) & ongoing 
studies (n=1) 
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3.10 Conclusions on the clinical evidence 


3.10.1 Completeness of sponsor’s submission 


The sponsor identified and included all relevant evidence, however there were no details of the one full peer-


reviewed paper (Johnston et al, 2014) due to its availability the day prior to the sponsor’s submission.  


The sponsor sent 7 questionnaires to NHS sites that use Sherlock 3CG TCS, however the variability of service 


provision between the sites makes it impossible to draw any conclusions from the data. The questionnaire and 


subsequent correspondence with additional sites shows that several sites have now proceeded to use Sherlock 


3CG TCS without requiring routine chest x-rays to confirm tip placement. 


The only available evidence is from case studies reporting the accuracy of PICC placement judged by chest x-


ray for PICCs that were placed using Sherlock 3CG TCS. There is no comparative evidence for either blind PICC 


placement using chest x-ray or PICC placement using fluoroscopy.  


None of the available evidence looks at the consequences of malpositioning, either in terms of necessary 


interventions to correct it, or adverse events. There is no follow up of patients reported after tip position 


confirmation by chest x-ray.  


3.10.2 Sponsor interpretation of clinical evidence 


The sponsor reported that the studies found that Sherlock 3CG TCS is an accurate method of placing PICCs and 


confirming the final tip position; that it is time saving compared to the use of chest x-ray; safe to use and not 


associated with any adverse effects or complications. 


Although the sponsor looked at all available evidence, the quality was extremely poor and it is impossible to 


draw a strong evidence based conclusion. All evidence submitted was broadly in favour of Sherlock 3CG TCS 


improving tip location accuracy, as were the NHS sites contacted by both the sponsor and the EAC. The lack of 


comparative evidence, and the poor reporting of existing studies means that we cannot tell the extent of the 


improvement in PICC positioning that is due to use of Sherlock 3CG TCS. 
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4 Economic evidence 


4.1 Published economic evidence 


4.1.1 Critique of the sponsor’s search strategy 


The strategy has been assessed in accordance with the PRESS checklist (Peer Review of Electronic Search 


Strategies). The search strategy used by the sponsor is comprehensive using a range of Subject Headings and 


free-text terms together with Boolean and proximity operators. The free text terms cover instances where 


specific device names have been reported in the title and abstract as well as those instances where the 


technology is not specified. The index terms have been mapped to the various databases. The sponsor limited 


the search to ‘English language’ and to studies published in the year 2000 or later. These are appropriate limits 


in that studies identified would be applicable to patients in England and cover the periods when the 


technology was launched. 


The following databases and websites were searched: 


• MEDLINE (1946 to present) and MEDLINE In-Process via OvidSP 


• EMBASE (1974 to 2014 July 02) via OvidSP  


• Econlit (1886 to May 2014) via OvidSP 


• NHS Economic Evaluation Database (Issue 2 of 4, Apr 2014) via Cochrane Library/Wiley Interscience 


• Health Technology Assessment Database (Issue 2 of 4, Apr 2014) via Cochrane Library/Wiley 


Interscience 


• Health Economic Evaluations Database via EBSCOhost 


• CEA (Cost-Effectiveness Analysis) Registry via https://research.tufts-nemc.org/cear4/Home.aspx 


• ClinicalTrials.gov via https://clinicaltrials.gov/ct2/home 


• International Clinical Trials Registry Platform (ICTRP) via http://apps.who.int/trialsearch/ 


• metaRegister of Controlled Trials (mRCT) via http://www.controlled-trials.com/mrct/ 


• Conference Proceedings Citation Index- Science (CPCI-S) - 1990-present via Web of Science 


The sources searched provide good coverage of likely published and unpublished evidence and included 


searches for conference abstracts, via Conference Proceedings Citation Index and websites of key conferences, 


and ongoing trials. In addition, websites of key relevant organisations, a search of Google and communication 


with Bard were also conducted. 
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4.1.2 Critique of the sponsors study selection 


A flow diagram of study selection was clearly presented in the sponsor’s submission, and the EAC believes that 


this was appropriate. 


4.1.3 Included and excluded studies 


The sponsor’s search identified 13 records for full text scrutiny, but 11 of these were excluded and reasons 


given.  


The EAC did not find any additional economic studies that should have been included by the sponsor. 


4.1.4 Overview of methodologies of all included economic studies 


Two economic studies (Adams 2013 and Stewart 2013) were included by the sponsor. Both were poster and 


abstract and included simple cost comparisons between ECG tip location and blind insertion with x-ray 


confirmation.  


The Adams (2013) study was set in the USA and included 333 PICC placements. Sherlock 3CG was used in 


83.5% of these and in the remainder there was either unusable ECG (12.9%) or the Radiologist said the PICC 


was improperly placed (1.8%) or the radiology decision was reversed after review by a second radiologist 


(1.8%). The costs included PICC insertion kits, X-ray including radiologist time, capital cost of Sherlock 3CG and 


the costs of repositioning mal-positioned PICCs. The analysis showed a cost saving for Sherlock 3CG of 


US$82.57 per PICC (=£54.50)(www.oanda.com rate for July 1 2013). 


The Stewart (2013) study was set in Australia. The authors reported that ‘at least 65 patients were included’ 


and that 96% of ECG guided placements were successfully positioned within the cavo-atrial junction based on 


chest x-ray, while 4% were placed in the right atrium. The costs included the PICC placement pack, x-rays 


including radiologist time to read the x-ray, time to correct malpositioned PICCs. The analysis showed a cost 


saving for 800 PICCs per year of AUS$314,400 (= £188,640) or AUS$393 per PICC (=£235.80) (www.oanda.com 


rate for July 1 2013). This cost saving is heavily influenced by the assumption that 50% of the PICCs placed 


without Sherlock 3CG TCS would need a second x-ray and this would lead to an additional day in hospital. 


Without this assumption the cost saving would be AUS$93 (=£55.80) 


4.1.5 Overview and critique of the sponsor’s critical appraisal for each study 


The sponsor completed a quality assessment on the selected poster and abstract publications and found that 


both studies were low quality cost-comparison studies based outside the UK. The sponsor concluded that the 


studies were of limited relevance and had methodological limitations making them unsuitable for the decision 


problem. The EAC agrees with the sponsor that there is limited value in the studies.  



http://www.oanda.com/

http://www.oanda.com/
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4.1.6 Does the sponsor’s review of economic evidence draw conclusions from the data 


available?  


The sponsor proposed that a de novo model is required because only low quality published studies from non-


UK settings were identified. The EAC supports this decision. 


4.2 De novo cost analysis 


4.2.1 Patients 


The population defined in the scope is ‘adult patients undergoing PICC insertion’. The sponsor has included in 


the de novo model ‘adults undergoing PICC insertion who do not have medical conditions that contraindicate 


them for insertion with Sherlock 3CG TCS’. This is a deviation from the scope, and patients not suitable for 


Sherlock 3CG TCS will still need to have the PICC inserted by some other means. This is inconsistent with the 


scope in the sponsor’s clinical evidence submission. An economic model from the perspective of the NHS and 


PSS should include all patients undergoing PICC insertion. For the Sherlock 3CG TCS pathway, patients not 


suitable for insertion guided by Sherlock 3CG TCS should be included by adding costs of standard insertion for 


the proportion of the cohort not suitable for Sherlock 3CG TCS.  


4.2.2 Technology 


The technology in the scope is ‘Sherlock 3CG TCS tip confirmation system’ and the sponsor has developed the 


model in accordance with this. 


4.2.3 Comparator(s) 


The sponsor’s model is based upon two comparators as given in the scope  


 Blind bedside placement with confirmation x-ray and  


 Fluoroscopy to guide PICC insertion and confirm tip placement.  


The sponsor did not present any evidence in the clinical section of the submission in which Sherlock 3CG TCS 


was used in place of fluoroscopy guided PICC placement. 


4.2.4 Model structure 


The model is a decision tree with four main branches:  


1) bedside PICC placement with Sherlock 3CG TCS with confirmation x-ray  


2) bedside PICC placement with Sherlock 3CG TCS without x-ray  


3) blind bedside placement with x-ray  


4) placement with fluoroscopy  
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The decision tree is illustrated in figure 5 taken from the sponsor’s submission. 


Figure 5 Decision tree for the sponsor’s model 
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positioning. The sponsor has included this based upon the published abstract data in which there was a 


comparison with the chest x-ray, usually while the technology was being introduced to the service. 


If ECG confirmation is not possible while using Sherlock 3CG TCS, then the PICC would be placed using 


magnetic tracking and anatomical landmarks, and a chest x-ray used for tip confirmation. 


The PICC re-placement with fluoroscopy may not be appropriate as a base case, since the sponsor’s clinical 


adviser indicated that the normal re-placement procedure would be standard PICC insertion with x-ray 


confirmation. However there appears to be diversity of practice and fluoroscopy may be used for replacement 


PICCs in some areas. The sponsor stated that fluoroscopy as the re-placement method is conservative, but this 


is incorrect since the model requires a greater number of re-placements for the comparator technologies and 


fluoroscopy is the most expensive option. The sponsor has included an option in the model for re-placement at 


the bedside using the original insertion method, with x-ray. 


4.2.5 Clinical parameters and variables 


The time horizon used in the model was the period up until accurate PICC placement was achieved. It would 


have been better to have longer term follow up of patients to include actual numbers of repositioning or 


replacement, consequences of inaccurate placement or adverse events, but no evidence or data was available 


for this. Because of the short time horizon discounting is not applied and this is appropriate. 


Clinical data was taken from four published studies Adams (2013), Barton (2014), Parikh (2012) and Stewart 


(201), but data from Johnston et al. (2014) was not included in the model. The sponsor stated this was because 


‘the proportion of patients specifically requiring reinsertion was not reported’. This is not a good reason to 


exclude the only full peer-reviewed paper available and the included abstracts and posters do not clearly 


report the proportion of patients specifically requiring reinsertion. The sponsor points out that in the Johnston 


et al. (2014) paper all patients were critically ill in intensive care units and included all patients who required 


PICC insertion, regardless of whether they were suitable for insertion using Sherlock 3CG TCS. The EAC 


considers that the critical care group is an important group and could be treated as a sub-group or included in 


sensitivity or scenario analysis based upon the data from the Johnston et al. (2014) paper. Patients receiving 


chemotherapy could also be considered as an important subgroup were evidence available. 


Only intermediate clinical outcomes (accurate placement based on chest x-ray) were used in the model 


because no studies reported final clinical outcomes. The outcomes used in the model were determined 


retrospectively in the publications by reading chest x-rays taken after placement. None of the studies followed 


patients up and determined what actually happened to the patients, so it is not known how many of the 


misplaced catheters identified on x-ray were adjusted, removed and replaced or left in place, nor whether 


there were any clinical sequelae. 
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4.2.6 Model assumptions 


In the submission the sponsor has listed 15 assumptions of the model. These are listed in table 12 below with 


accompanying EAC comments. 


Table 12 Assumptions listed by the sponsor with EAC comments 


Assumption listed by sponsor in submission EAC comments Impact on model 


The time taken to achieve successful 
placement with Sherlock 3CG TCS is equal to 
the time for successful placement at the 
bedside without the technology. 


The EAC agrees with this assumption, 
but this does not match the inputs in 
the model. The same nurse times 
were used for Sherlock with x-ray 
and blind placement, but a shorter 
time was used for Sherlock without 
x-ray. The staff time taken for the x-
ray is accounted for separately. 


Significant impact 


Model inputs favour 
Sherlock 3CG TCS 
without x-ray. 


The sponsor has clarified that the 
assumption above should read “The time 
taken to achieve successful placement with 
Sherlock 3CG TCS with x-ray is equal to the 
time taken for successful placement at the 
bedside without the technology.” 


This now matches the input in the 
model, and is a reasonable 
assumption. However the EAC still 
believe that there is no valid reason 
to assign a shorter nurse time to 
Sherlock 3CG TCS without x-ray. It is 
plausible that the patient pathway 
might be shorter, however the time 
for insertion of the PICC will remain 
similar. The cost of x-ray (including 
radiologist time) is costed separately 
(both in the model and in the data 
source (Walker et al. 2013).   


As above  


 


There is no benefit to patients resulting from 
more rapid PICC line placement with Sherlock 
3CG TCS in the scenario where no 
confirmatory x-ray is required. This is a 
conservative assumption as there may be 
benefit to some patients of receiving 
required drugs sooner.  


In a cost-consequences approach the 
clinical benefits are not included in 
the cost model. Final clinical 
outcomes are not included in the 
time horizon of the model. 


 


Model is appropriate 


X-rays are assumed to read with 100% 
accuracy, meaning that no consequences of 
misread X-rays are captured in the model. 
This assumption was made as the clinical 
evidence did not provide information on the 
consequence of misread X-rays. 


The model is based on intermediate 
outcomes (accurate PICC placement) 
and a short time horizon. The clinical 
consequences of misplaced catheters 
not identified on x-ray or by ECG 
confirmation are not considered in 
any branch of the model. 


Model is appropriate, 
as there is a lack of 
clinical evidence to do 
otherwise. 


All model inputs are the same for bedside 
insertion with Sherlock 3CG TCS with X-ray 
and bedside insertion with Sherlock 3CG TCS 
without X-ray, with the exception of the 
initial cost of PICC insertion and tip 
placement. 


There is no rationale for a difference 
in the initial cost of PICC placement 
using Sherlock with and without x-
rays. The only difference should be 
the cost of the x-ray and a 
proportion of re-insertions for the x-
ray branch only.  


Significant impact, 
due to different nurse 
times used. 


Model inputs favour 
Sherlock 3CG TCS 
without x-ray. 


Reinsertion of PICC lines following failure 
with other methods (bedside placement with 
Sherlock 3CG TCS (with or without X-ray) or 


The EAC agrees it would be 
unreasonable to add an overnight 
stay for reinsertion by fluoroscopy, 


Model is appropriate 
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blind bedside placement with X-ray) does not 
involve an additional overnight stay in 
hospital. This is a conservative assumption as 
more patients in the bedside placement arm 
without Sherlock 3CG TCS require reinsertion 
due to higher failure rates and could 
therefore incur additional costs due to 
potential overnight stays. 


or any other method. There is no 
evidence for this. 


Where insertion with Sherlock 3CG TCS is 
unsuccessful reinsertion is assumed to take 
place with fluoroscopy. Clinical advice has 
indicated that in some cases patients may 
have reinsertion at the bedside (with X-ray), 
however as the cost of bedside placement is 
lower than fluoroscopy (and still effective in 
around 93% of patients at first insertion 
attempt) using the cost of fluoroscopy 
insertion in the model is a conservative 
assumption. 


The EAC agrees with the clinical 
adviser that reinsertion is unlikely to 
be fluoroscopy-guided for most 
settings, but there is variation in 
practice. We disagree with the 
assertion that using fluoroscopy for 
re-insertion is conservative because 
in the model more patients in the 
comparator (blind x-ray) have re-
insertion than in the Sherlock 3CG 
TCS arms. The sponsor has 
considered bedside placement for 
re-insertion in sensitivity analysis but 
only for the Sherlock 3CG TCS 
branches of the model.  


Significant impact 


Model favours 
Sherlock 3CG TCS. 


Costs other than those included are assumed 
to be the same for Sherlock 3CG TCS and the 
comparators. 


There is an underlying assumption 
that centres have a bedside PICC 
service in place, as the costs of 
setting up a new service are not 
included. If the comparator is 
fluoroscopy guided PICC insertion 
this assumption may not be valid. As 
set-up costs (for example employing 
new nurses) are specific to local 
circumstances the EAC has not 
explored this further. 


The existing model 
may favour Sherlock 
3CG TCS compared to 
fluoroscopy for a 
short term outlook. 


The cost of an X-ray for placement with 
Sherlock 3CG TCS (table C6) is assumed to 
consist of the time cost of the radiographer 
(i.e. no equipment costs) as is the case in the 
cost analysis conducted by Walker et al.  The 
cost for X-ray is not listed within NHS 
reference costs due to the high volume and 
low cost nature of the procedure. A NHS 
Scotland cost for X-ray was identified 
(£54.79); however this cost includes a 
number of radiological procedures and is 
likely to be an overestimation (ISD Scotland, 
2013). Therefore, to ensure consistency 
between the treatment and comparator only 
the staff cost has been included. 


This is a conservative assumption. 
The EAC has found some alternative 
costs for a chest x-ray ranging from 
£13.33 to £49.09 (Khan et.al 
2008,Beavan et. al. 2010)and this 
input was explored by the sponsor in 
sensitivity analysis. 


Model is appropriate 


It is assumed in the base case that 3 nurses 
are trained per Sherlock 3CG TCS device. This 
is explored in the sensitivity analysis. 


This is a reasonable assumption. Model is appropriate 


The cost of an ultrasound scan used in the 
micro costing all PICC placement (table C6 


This is a reasonable assumption. Model is appropriate 
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and C7) was assumed to be equivalent to the 
NHS reference cost for diagnostic imaging 
cost for anaesthetics (RA23Z: Ultrasound 
scan, less than 20 minutes). The ultrasound 
required to locate the vein in PICC placement 
will be short and of a small area, therefore 
this cost was judged to be most appropriate. 


Complications occurring post PICC line 
insertion, such as infection, were not 
included within the model and are therefore 
assumed to be equal for each comparator. 
Walker et al. state that infections should not 
occur if staff and patients are educated on 
the best ways to minimise infection risk. 
Therefore, it was judged there are 
confounding factors influencing infection 
rates (aside from the method of PICC tip 
placement). 


Complications may be linked to mal-
positioning of the PICC resulting in 
e.g. catheter dysfunction or may be 
asymptomatic in the short term. Lack 
of data on the final clinical outcomes 
is a weakness. 


Possible impact, but 
lack of evidence 
means the direction is 
unknown.  


Not possible to 
include in model. 


Device risks are not included within the 
model and are therefore assumed to be 
equal for each comparator. These were not 
included within the clinical evidence. 


Adverse events may be listed on FDA 
Maude, but this does not give rates 
of adverse events. There is no 
reliable data on adverse events to 
include in the model. 


Possible impact, but 
lack of evidence 
means the direction is 
unknown.  


Not possible to 
include in model. 


Within the model it is assumed that nurses 
and radiologists are trained in PICC line 
insertion and additional training required 
relates to learning how to use Sherlock 3CG 
TCS only. 


The model includes a branch for 
fluoroscopy guided PICC insertion as 
a comparator. If a service changed 
from fluoroscopy guided PICC to 
Sherlock 3CG TCS at the bedside, 
there would be additional set-up 
costs to train the PICC teams. These 
are not included in the model. As the 
set-up costs (for example employing 
more nurses) are site specific the 
EAC has not explored this further. 


The existing model 
may favour Sherlock 
3CG TCS compared to 
fluoroscopy for a 
short term outlook 


The Sherlock 3CG TCS device is assumed to 
either be stored within the ward or 
department where it is used and therefore 
time is not spent fetching it. Or, in hospitals 
running a mobile intravenous service the 
device will be brought to the ward with the 
specialist nurse using it meaning no 
additional time is required to fetch the 
device. This assumption has been made as in 
current NHS practice the small device is 
carried around with the nurse responsible for 
inserting PICC lines. 


This is reasonable for centres already 
operating a bedside PICC insertion 
service provision, but not for centres 
who do not have a nurse led PICC 
team in place. 


The existing model 
may favour Sherlock 
3CG TCS compared to 
units without nurse 
led PICC teams. 


All other assumptions that have been made to populate model input parameters are specified in tables C5, C6 
and C7 (of the sponsor submission). 


Assumptions identified by EAC, not listed by 
Sponsor 


EAC Comment Impact on model 


All PICCs identified as malpositioned by a 
retrospective chest x-ray were removed 


There is no information about what 
happened to PICCs that were classified 
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and replaced as malpositioned in any of the 
evidence. Some may have been left in 
situ, or pulled back slightly. 


A fluoroscopy service can be compared to a 
bedside PICC placement service 


Where both services are in place in 
one location then this is reasonable. 
Where there is no bedside PICC 
placement service existing, then the 
cost of changing the service should be 
considered in the short term.  


High impact over a 
short time period (e.g. 
1 year) for sites with 
no bedside PICC 
service.  


83.5% of patients requiring PICCs would be 
treated using Sherlock 3CG TCS, the 
remainder would be treated by a different 
method, no Sherlock 3CG TCS consumables 
or devices would be used for them, and 
they are not costed in the Sherlock 3CG TCS 
route. 


The correct interpretation of Adams 
(2013) is not clear. The EAC believe 
that 100% of patients may have been 
treated with Sherlock 3CG TCS, 
however ECG tip confirmation 
technology was not successful in 
16.5%. In this case all patients would 
have used the device and consumables 
and it should be costed appropriately. 


If the interpretation is as the sponsor 
believes, then the cost of treating 
those not appropriate for ECG tip 
confirmation should be included in the 
Sherlock 3CG TCs branch of the model. 


Impact is very small if 
the assumption is 
made that the 
remaining 16.5% 
would be treated with 
blind PICC placement, 
and the costs are 
similar to Sherlock 
3CG TCS. 


If the alternative was 
fluoroscopy the 
impact would be 
greater and make 
Sherlock 3CG TCS 
more costly. 


 


It is assumed that the study outcomes based on retrospective analysis of chest x-ray to determine whether the 


PICC was accurately positioned reflect actual interventions in terms of adjustment and re-positioning of PICCs. 


There was no identified evidence to relate the PICC tip location as determined by chest x-ray to actual 


repositioning or replacement procedures. 


4.2.7 Resource identification, measurement and valuation 


The EAC asked expert advisors for information on PICC placement costs and the range of responses are 


covered in the sponsor’s sensitivity analysis. A further source was found from Hughes (2014) who calculated a 


cost of £250 for blind PICC placement and chest x-ray, this is also included in the range of sensitivity analysis. 


Table 13 Sponsor list of resources for Sherlock with x-ray with EAC comment 


Items Value  Source EAC comment 


Price of the 
technology per 
PICC line 
insertion  


£6.39 Unit cost of Sherlock 3CG = £9,990 
(Bard, 2013).  


Life span = 4 years (conservative 
assumption, usually last 8 years)  


468 potential uses per year per 
Sherlock 3CG TCS device (mid-value 
from survey conducted by Bard).  


83.5% of patients requiring PICC lines 
are suitable for Sherlock 3CG TCS 
(Adams, 2013). This is known pre-ante, 


Agree.  


Includes assumption that 16.5% of 
patients are not suitable for Sherlock 
3CG TCS and Sherlock 3CG TCS is not 
used. Impact is negligible. 
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so consumables are not wasted on 
these patients.  


(£9,990/4)/(468*0.835) = £6.39 


Consumables 
(if applicable) 


£189.91 Pack including PICC, sterile maximum 
barrier, procedure tray and ECG leads 
(£175-£200). Mid-point of £187.50 
used in base case 


Printer paper: £120 for 1,000 sheets 
(12p each and 2 sheets per insertion). 


Other consumables not included in 
PICC pack = gloves, lidocaine, saline 
10ml, 2 ECG electors and Chloraprep 
3ml applicator = £2.17 


Agree 


Maintenance 
cost  


£1.52 Annual maintenance cost = £595 
(Bard, 2013).  


468 attempted uses per year (mid-
value from survey conducted by Bard).  


83.5% of attempted patients are 
suitable (Adams, 2013) 


£595/(468*0.835) = £1.52 


Agree.  


Includes assumption that 16.5% of 
patients are not suitable for Sherlock 
3CG TCS and Sherlock 3CG TCS is not 
used. Impact is negligible. 


Training cost £1.42 Training cost covered by Bard.  


Requires 4.5 hours of nurse time: £34 
per hour of non-face-to-face contact 
time (PSSRU, 2013) 


4.5*41 = £184.50 to train one nurse (in 
use of Sherlock 3CG TCS).  


Assumed 3 new nurses trained per 
year per device = £553.5.  


83.5% of 468 PICCs placed per year 
with Sherlock 3CG TCS. 615/391 = 
£1.42 per patient to train nurses 


Error in calculation. £1.17 used in 
model is correct.  


Includes assumption that 16.5% of 
patients are not suitable for Sherlock 
3CG TCS and Sherlock 3CG TCS is not 
used. Impact is negligible. 


Other costs £111.15 Ultrasound = £18 (NHS reference costs 
(2012-13). Diagnostic imaging, 
anaesthetics. RA23Z - ultrasound scan, 
less than 20 minutes 


Radiographer time for X-ray = 10 
minutes (Walker et al., 2013) 
multiplied by the cost of radiographer 
= £34 per hour - Hospital radiologist 
PSSRU, 2013) = £5.67 


Nurse day ward: £84 per hour of face-
to-face contact (PSSRU, 2013) 
multiplied by 62.49 minutes (assumed 
to be equal to bedside placement time 
reported by Walker et al., 2013) = 
£104.15 


Ultrasound – agree. 


Radiographer cost – agree. 


Nurse cost – should be the same for all 
of the bedside modalities. 


Total cost per 
insertion 


£310.15   
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Table 14 Sponsor list of resources for Sherlock without x-ray with EAC comment 


Items Value  Source EAC comment 


Price of the 
technology per 
PICC line 
insertion  


£6.39 Unit cost of Sherlock 3CG = £9,990 
(Bard, 2013).  


Life span = 4 years (conservative 
assumption, usually last 8 years)  


468 potential uses per year per 
Sherlock 3CG TCS device (mid-value 
from survey conducted by Bard).  


83.5% of patients requiring PICC lines 
are suitable for Sherlock 3CG TCS 
(Adams, 2013).  This is known pre-
ante, so consumables are not wasted 
on these patients.  


(£9,990/4)/(468*0.835) = £6.39 


Agree 


Includes assumption that 16.5% of 
patients are not suitable for Sherlock 
3CG TCS and Sherlock 3CG TCS is not 
used. Impact is negligible. 


Consumables 
(if applicable) 


£189.91 Pack including PICC, sterile maximum 
barrier, procedure tray and ECG leads 
(£175-£200). Mid-point of £187.50 
used in base case 


Printer paper: £120 for 1,000 sheets 
(12p each and 2 sheets per insertion). 


Other consumables not included in 
PICC pack = gloves, lidocaine, saline 
10ml, 2 ECG electors and Chloraprep 
3ml applicator = £2.17 


Agree 


Maintenance 
cost  


£1.52 Annual maintenance cost = £595 
(Bard, 2013).  


468 attempted uses per year (mid-
value from survey conducted by Bard).  


83.5% of attempted patients are 
suitable (Adams, 2013) 


£595/(468*0.835) = £1.52 


Agree 


Includes assumption that 16.5% of 
patients are not suitable for Sherlock 
3CG TCS and Sherlock 3CG TCS is not 
used. Impact is negligible. 


Training cost £1.42 Training cost covered by Bard.  


Requires 4.5 hours of nurse time: £34 
per hour of non-face-to-face contact 
time (PSSRU, 2013) 


4.5*41 = £184.50 to train one nurse.  


Assumed 3 nurses trained per year per 
device = £553.5.  


83.5% of 468 PICCs placed per year 
with Sherlock 3CG TCS. 615/391 = 
£1.42 per patient to train nurses 


£1.17 used in model is correct. 


Includes assumption that 16.5% of 
patients are not suitable for Sherlock 
3CG TCS and Sherlock 3CG TCS is not 
used. Impact is negligible. 


Other costs £83.83 Ultrasound = £18 (NHS reference costs 
(2012-13). Diagnostic imaging, 
anaesthetics. RA23Z - ultrasound scan, 
less than 20 minutes 


Nurse day ward: £84 per hour of face-
to-face contact (PSSRU, 2013) 
multiplied by 39.5 minutes (Adams et 
al., 2013)= £65.83 


Ultrasound – agree 


Nurse cost should be the same as with 
x-ray. 
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Total cost per 
insertion 


£272.30   


 


Table 15 Sponsor list of resources for Blind PICC insertion with EAC comment 


Items Value  Source EAC comment 


Cost of the 
comparator  


N/A   


Consumables (if 
applicable) 


£163.18 Equipment cost for nurses £195.81 (Walker 
et al. 2013) with VAT (at 20% removed) 


This includes the cost of additional 
consumables that may be required during 
adjustment as calculated by Walker et al. 
(2013) for example if a PICC is too long and 
has to be pulled back and an additional 
sterile pack may be required.  


Agree 


Maintenance 
cost  


N/A   


Training cost N/A   


Other costs £111.15 Ultrasound = £18 (NHS reference costs 
(2012-13). Diagnostic imaging, anaesthetics. 
RA23Z - ultrasound scan, less than 20 
minutes 


Radiographer time for X-ray = 10 minutes 
(Walker et al. 2013) multiplied by the cost 
of radiographer = £34 per hour -  Hospital 
radiographer PSSRU, 2013) = £5.67 


Nurse day ward: £84 per hour of face-to-
face contact (PSSRU, 2013) multiplied by 
62.49 minutes (Walker et al. 2013) = £87.49 


It is unclear if this time includes time taken 
for PICC lines to be pulled back (i.e. 
adjusted), however as the time taken for 
PICC placement used to cost successful PICC 
placement at the bedside and the 
proportion of successful PICC lines placed 
we both taken from Walker et al. 2013 we 
can assumed they defined and calculated 
consistently.  


Ultrasound – agree 


Radiographer – agree 


Nurse – should be the 
same for blind PICC and 
Sherlock 3CG TCS with or 
without x-ray 


Total cost per 
treatment/ 
patient 


£274.33   


 


Table 16 Sponsor list of resources for fluoroscopy guided PICC insertion with EAC comment 


Items Value  Source EAC comment 


Cost of the 
comparator  


N/A   


Consumables (if £217.88 Equipment cost for radiology (Walker et Agree 
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applicable) al. 2013) with VAT (at 20% removed) 


Maintenance 
cost  


N/A   


Training cost N/A   


Other costs £579.05 Radiologist time to insert PICC = 40.13 
minutes (Walker et al. 2013) multiplied 
by the cost of radiologist = £99 per hour 
-  Hospital consultant (PSSRU, 2013) = 
£66.21 


Nurse team set up of room: 10 minutes 
to set up room (Walker et al. 2013) 
multiplied by cost of nurse = £34 per 
hour – Nurse day ward non face-to-face 
time (PSSRU, 2013) = £5.67 


Theatre cost = £507.18 (Walker et al. 
2013) 


Radiologist – agree 


Nurse team – this is just for 1 
nurse not a team 


Theatre – cost estimate from 
Walker 2013 seems very 
high. EAC propose £101 


Total cost per 
treatment/patie
nt 


£814.93   


The sponsor identified time resource needs in relation to PICC positioning and re-positioning as the relevant 


resource issue and conducted an additional search to identify published studies relevant to this issue. The 


sponsor’s approach of undertaking a pragmatic and focussed search was acceptable. A good range of 


databases were searched using an appropriate range of Subject Headings and free-text terms together with 


Boolean and proximity operators. The searches were appropriately limited to the English language. 


The sponsor undertook a questionnaire survey of 8 centres currently using Sherlock 3CG TCS. The other 8 of 16 


centres were not sent the questionnaire and this selection of centres could have introduced bias into the 


survey response. The sponsor justified their choice by saying they chose the first seven centres they engaged 


with to ensure the most complete and extensive data would be included, subsequently the EAC contacted the 


other centres and the probability of bias appears low (responses in table 9). The survey data was used to 


inform some of the inputs to the model. Based upon the questionnaire survey, the sponsor identified a mean 


of 468 attempted uses of Sherlock 3CG TCS per year. The EAC calculates this to be 490 cases from the same 


data, but the number of PICCs placed per year varies greatly between sites.  


The sponsor has assumed Sherlock 3CG TCS was used for PICC insertion in 83.5% of patients based on Adams 


(2013). It is not clear from the Adams (2013) poster and abstract whether: 


 Sherlock 3CG TCS was used for PICC placement, but ECG tip confirmation was not possible, potentially 


incurring the cost of a chest x-ray, or 


 PICC placement was not attempted using Sherlock 3CG TCS because of known problems with ECG tip 


confirmation for that patient.  


The sponsor has assumed placement was not attempted using Sherlock 3CG TCS in 16.5% of patients requiring 


PICC. A more ‘representative of real life’ case mix of patients requiring PICC and those who were eligible would 
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have been ideal. The impact on the existing model structure is minimal since the data was only used to 


calculate the cost of the device, device maintenance and training. Ideally the possibility of some patients not 


being able to use Sherlock 3CG TCS would have been reflected in the model structure. 


The number of patients treated per year was calculated from these figures and this was used to calculate the 


equipment costs per patient. However the sponsor did not account for the remaining 16.5% of patients 


requiring a PICC in the Sherlock 3CG TCS branches of the model. There is lack of clarity in the denominator 


(population) when calculating percentage rates, in both the published abstracts and in the model. The success 


rate for PICC placement using Sherlock 3CG TCS is given as 96% in the model, but since 16.5% of patients were 


deemed unsuitable for Sherlock 3CG TCS this is not the percentage of the total patients requiring PICC 


placement. The overall success rate for PICC insertion using Sherlock 3CG TCS is 80% of the patients requiring 


PICCs 


The nurse time taken to insert the PICC is from two different sources. For blind insertion at the bedside the 


time was taken from Walker et. al.(2013), and assumed to be the same for Sherlock 3CG TCS insertion at the 


bedside with confirmation x-ray. In the study, PICC placement was blind and confirmed by x-ray with nurse 


time taken for PICC insertion of 62.5 minutes. The 62.5 minutes does not include time taken for x-ray. For 


insertion using Sherlock without x-ray the nurse time was taken from Adams (2013) and was 39.5 minutes. 


These differences may be due to different experience of the nurse teams or other institutional differences. 


There is no clear rationale why there should be a longer time taken to place the PICC using Sherlock 3CG TCS 


with x-ray compared to without x-ray given that the time taken for the x-ray confirmation is accounted for 


separately. Communications with expert advisors indicate that times for all three of the bedside placement 


options are likely to be similar, with varying opinions as to whether Sherlock 3CG TCS or blind insertion is 


slightly longer. Given the variable times in the publications it would be more sensible to use the same time for 


PICC insertion by nurse at the bedside with or without Sherlock 3CG TCS.  


The results of the model for bedside procedures are strongly driven by the nurse time. Nurse time is included 


in the sponsor’s sensitivity analysis, bundled within total procedure cost, but this does not address the 


assumption of different times for the procedures. 


The sponsor did not include a Tornado chart illustrating the sensitivity analysis results in the submission or in 


the model outputs, which would have been very useful in identifying the key drivers of the model. 


4.2.8 Technology and comparators’ costs 


The list price for the technology is given by the sponsor as £9,990 excluding VAT. This is a fixed cost for the 


purchaser i.e. it does not vary with the number of patients treated with Sherlock 3CG TCS. Other fixed costs 


include the total cost of training 3 staff in the use of Sherlock 3CG TCS of £553.50, and the annual maintenance 


costs for Sherlock of £595. There are no fixed costs for the blind PICC placement with x-ray confirmation, 


assuming the hospital already has a bedside PICC placement service. Therefore the sponsor has calculated the 
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minimum number of patients per year before the Sherlock 3CG TCS with no x-ray becomes cost saving 


compared with bedside PICC placement with x-ray confirmation to be 103 patients using the base case inputs. 


The sponsor assumes a 4 year lifespan for the device and that 468 patients require PICC insertions per year of 


whom 83.5% are suitable for Sherlock 3CG TCS. There are some small differences in the calculations of costs 


listed in table C6.1, C6.2 and C7.2 of the sponsor submission and those used in the model. The correct values 


as intended by the sponsor are used in the model. The only final calculated cost that is different between the 


submitted tables and the model is nurse training cost per patient, at £1.42 in table C6.1, and the correct value 


of £1.17 in the model. The cost of a chest x-ray was calculated from radiographer time only by the sponsor as 


£5.67. This is likely to be an underestimate. The NHS reference costs do not include a cost for a chest x-ray as it 


is incorporated in general care costs within the relevant codes. The EAC has found a number of estimates for 


the cost of a chest x-ray between £13.33 and £49.09 (Khan et.al 2008,Beavan et. al. 2010). The sponsor 


includes cost of a chest x-ray from £3 to £54.79 in sensitivity analysis. 


The equipment cost for blind PICC placement of £163.18 was taken from Walker et. al.(2013) with VAT 


removed and is based on the inventory of equipment actually used by nurse teams. The Walker et. al.(2013) 


paper is a good source for identifying and quantifying resources, and costing equipment, but possibly less 


useful for costing staff and theatre time. The sponsor based staff costs on the daily rates from Curtis (2013) 


which is appropriate. 


The equipment cost and staff time for fluoroscopy was also taken from Walker et. al.(2013) with VAT removed. 


Equipment costs were calculated from an average for 3 consultants based on all items used for the procedure. 


Staff resources included 40 minutes of Radiologist time and also 10 minutes of nurse time to set up the 


theatre. Theatre time was costed by Walker et. al.(2013) at £757.10 per hour, which appears very high. The 


author kindly supplied further details to the EAC. The cost was estimated from a discussion between 


consultants and the finance team at Raigmore Hospital. As the theatre cost forms a large part of the cost for 


the fluoroscopy branch of the model it is an important element for this comparator. The National Schedule of 


Reference Costs 2012-13 gives an average cost for all NHS Trusts and Foundation Trusts for contrast 


fluoroscopy procedures >40 minutes of £101 (code RA18Z). This code covers a variety of procedures and 


specialisms and is averaged for 69,778 procedures. It is therefore a more robust value to use and more 


generalisable to the rest of the UK. The sponsor did submit a scenario which included removing all theatre cost 


for fluoroscopy (table C13). 


4.2.9 Sensitivity analysis 


The sponsor has included one-way sensitivity analysis on a number of model inputs. A tornado chart was not 


provided and this would have been very helpful in identifying the key drivers of the model. 


In addition the sponsor has included five two-way scenario-based sensitivity analyses.  
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4.3 Results of de novo cost analysis 
Base-case analysis results 


The sponsor base case results are given in tables 17 and 18 below, extracted from table C11 of the 


sponsor submission: 
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Table 17 Sponsor’s base case results compared with Blind PICC placement 


 Total cost Cost difference 
compared with Blind 
PICC insertion with x-ray 


EAC comment 


Blind PICC insertion with x-ray 
confirmation 


£330.56   


PICC insertion with Sherlock 3CG 
TCS and no x-ray 


£304.90 -£25.67 Due to differences in 
nurse time, equipment 
cost and malposition rate 


PICC insertion with Sherlock and x-
ray confirmation 


£342.75 +£12.19 No difference in nurse 
time compared with 
Blind PICC placement. 


 


The most valid comparison is Sherlock 3CG TCS (no x-ray) with blind PICC placement and x-ray confirmation. 


The sponsor’s base case shows a small cost saving for Sherlock 3CG TCS. 


Table 18 Sponsor's base case compared with fluoroscopy 


 Total cost Cost difference 
compared with PICC 
insertion with 
fluoroscopy 


EAC comment 


PICC insertion with fluoroscopy £814.93   


PICC insertion with Sherlock 3CG 
TCS and no x-ray 


£304.90 -£510.03 Substantially due to no 
theatre cost. 


PICC insertion with Sherlock and x-
ray confirmation 


£342.75 -£472.18 Substantially due to no 
theatre cost. 


 


In comparing PICC placement using Sherlock 3CG TCS with PICC insertion using fluoroscopy, the sponsor is 


combining savings made by moving PICC placement from the fluoroscopy suite to the bedside with the cost 


saving directly attributable to the Sherlock 3CG TCS technology. The majority of the cost saving in the model 


comes from the change of location and this could also be achieved by changing from fluoroscopy to blind PICC 


placement with x-ray confirmation. The model does not include the cost of setting up a bedside PICC 


placement service for hospitals with an existing fluoroscopy service. Costs might include employing, or 


redeploying staff in the new and old services, training nurses in PICC insertion (in addition to use of Sherlock 


3CG TCS, training other staff in the new pathway, managing the service changes etc. Patients having 


fluoroscopy guided PICC placement may be the more complex cases. 


In the model the Sherlock 3CG TCS with x-ray will always cost more than Sherlock 3CG TCS without x-ray 


because of the additional cost of the x-ray and because the nurse time is set as longer for the with x-ray 


branch. All other inputs are equal for these 2 branches.  


The sponsor provides a breakdown of the cost comparisons in table C12.3 of the sponsor submission. Part of 


this is reproduced here in table 19 with EAC comments added. 
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Table 19 Sponsor’s base case summary of costs by category per patient for Sherlock 3CG TCS with no x-ray vs 
blind bedside placement plus x-ray 


Item Blind PICC 
with x-ray 


Sherlock 
(no x-ray) 


Increment          
(+ if Sherlock 
costs more) 


EAC comment Impact 


Equipment 
costs 


£181.18 £215.82 +£34.64   


Staff costs £93.15 £56.47 -£36.68 Nurse time for PICC 
insertion should be 
equal 


If nurse time equal 
(62.49 min) 
increment is:  


-£4.49 


Re-insertion 
costs 


£56.23 £32.60 -£23.63 Re-insertion cost should 
be zero for Sherlock 
since without x-ray there 
is no way to know that 
the catheter is mal-
positioned. 


If  0% malposition, 
increment:  


-£56.23 


Note: fluoroscopy 
being used for 
reinsertion in 
comparator arm. 


Total £330.56 £304.90 -£25.67  With both changes 
implemented: 


-£26.08 


 


In the sponsor’s model, the additional equipment costs for Sherlock 3CG TCS are offset by cost savings from 


lower staff costs and lower costs for re-insertion. The EAC considers that the nurse time should be set equal. 


The only difference in staff cost arises from the radiographer time for chest x-ray. For Sherlock 3CG TCS with 


no x-ray the centre would assume that the catheter was correctly positioned using TPS and ECG guidance. 


There would be no way to identify any mal-positioned catheters without the x-ray. Therefore there should be 


no cost for re-positioning in this branch. The re-positioning is assumed to be by fluoroscopy in the base case, 


but clinical advisers suggest this is often by blind placement with x-ray confirmation. The EAC considers the 


theatre cost for fluoroscopy to be high. Therefore the additional cost for re-positioning is too high in the base 


case. 


4.3.1 Sensitivity analysis results 


One-way sensitivity analysis and threshold diagrams 


Variables used in one-way sensitivity analysis are shown in table 20 below with EAC comments. 
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Table 20 Variables used in the sponsor’s one-way sensitivity analysis 


Variable Base-
case 
value 


Range of 
values 


Explanation of range used EAC comment 


Bedside insertion with Sherlock 3CG TCS (with or without X-ray)  


Proportion of 
successful 
placements  


96%  92%-100% Highest value in literature = 100% 
(Barton et al. 2014) and lowest = 
96% (Parikh et al. 2012 and Stewart 
et al. 2013) for trained staff. 


Lower values were considered to 
represent clinical practice that may 
be poorer than those in studies. 


This excludes the 
16.5% of patients 
deemed not suitable 
for Sherlock.  This is 
low impact where 
costs for alternative 
treatments are 
similar. 


Values from the only 
full paper(Johnston et 
al. 2014) were not 
included 


Proportion of 
successful 
adjustments/ 


replacements after 
initial 
misplacement 


0%  0-100% In base case all go to fluoroscopy 
after initial failure. Range considers a 
scenario where all Sherlock 3CG TCS 
patients with unsuccessful 
placement have replacement with 
Sherlock 3CG TCS and cost is £310.15 
with X-ray and £272.30 without X-
ray.  


In many settings, 
most will go to blind 
PICC placement at 
bedside with x-ray. In 
the model, the 
comparator is still 
replaced by 
fluoroscopy. 
Consequences are 
limited due to small 
numbers affected. 


Cost of insertion at 
bedside (with X-
ray) 


£310.15 £227.40 - 
£499.24 


In order to calculate the range, each 
the following inputs have been 
varied as follows: 


Number of insertions per year per 
device: +/-10%; 


Proportion of patients utilising 
device: +/- 10 percentage points; 


Life span of device: 2 to 8 years; 


Nurses using device: 2 to 8; 


Hours of training: 4 to 5; 


Ultrasound cost: £0 to £51; 


Consumables: £178-203; 


Time to insert PICC: 30-120 minutes; 


X-ray cost: £3 - £54.79. 


This does not address 
the structural 
assumption of 
different nurse time 
for insertion with x-
ray and without x-ray.  


There is no 
explanation of why 
the range for 
Ultrasound is £0 to 
£51 with x-ray, but 
£18 to 51 without x-
ray or blind. 


Cost of insertion at 
bedside (no X-ray) 


£272.30 £210.40 - 
£374.45 


In order to calculate the range, each 
the following inputs have been 
varied as follows: 


Number of insertions per year per 
device: +/-10%; 


Proportion of patients utilising 
device: +/- 10 percentage points; 


Life span of device: 2 to 8 years; 


This does not address 
the structural 
assumption of 
different nurse time 
for insertion with x-
ray and without x-ray. 
A lower range of 
times has been used 
for this pathway. 
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Nurses using device: 2 to 8; 


Hours of training: 4 to 5; 


Ultrasound cost: £18 to £51; 


Consumables: £178-203 


Time to insert PICC: 20-70 minutes. 


Cost of reinsertion 
with fluoroscopy 
after initial failure 


£814.93 £607.78 - 
1,054.67 


Range calculated as specified below.  See comments below 
on fluoroscopy 


Blind insertion at bedside with X-ray  


Proportion of 
successful 
placements  


93.1%  91%-95% Reported in Walker et al., 2013 
introduction. 


 


Proportion of 
successful 
adjustments/repla
cements after 
initial 
misplacement 


0% 0-100%  In base case all go to fluoroscopy 
after initial failure. Range considers 
scenario where all patients have 
replacement at bedside and cost is 
£274.33 


May all go to blind 
PICC placement at 
bedside with x-ray. 
There is considerable 
variation in practice. 


Cost of insertion £274.33 £209.86 - 
£453.29 


In order to calculate the range, each 
the following inputs have been 
varied as follows: 


Equipment cost: +/-10% 


Time to insert PICC: 30-120 minutes; 


Ultrasound cost: £18 to £51; 


X-ray cost: £3 - £54.79. 


This does not address 
the structural 
assumption of 
different nurse time 
for insertion with x-
ray and without x-ray. 


Cost of reinsertion 
with fluoroscopy 
initial failure  


£814.93 £607.78 - 
1,054.67 


Range calculated as specified below. See note below 
regarding fluoroscopy 


Insertion with fluoroscopy   


Cost of insertion 
with fluoroscopy  


£814.93 £607.78 - 
1,054.67 


In order to calculate the range, each 
the following inputs have been 
varied as follows: 


Equipment cost: +/-10% 


Radiologist time: 20-60 minutes; 


Ultrasound cost: £18 to £51; 


Theatre cost: +/-30% 


EAC considers this 
cost is too high based 
on too high theatre 
cost. Range +/- 30% is 
too narrow and 
should go much 
lower.  


 


The sponsor used the inputs and ranges for the one-way sensitivity analysis to produce a large number of 


threshold graphs. It is important to remember that the findings only remain true if all the sponsor’s 


assumptions and base values are accepted other than the one being analysed. The numbers given are more 


useful as an indication of the drivers of the model. An example of this is for PICC placement with Sherlock 3CG 


TCS (no x-ray). The threshold graph shows that it becomes cost-incurring when Sherlock 3CG TCS has less than 


93% successful placements, but also it can become cost incurring if blind placement has more than 96% 


successful placements. The model depends more on the difference in these success rates and this was 
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explored in the two-way sensitivity analysis. As the sponsor identifies in their two-way sensitivity analysis the 


important factor is the increase in accuracy when using Sherlock 3CG TCS. 


Two-way sensitivity analysis 


For the two-way scenario analyses the sponsor has produced tables of results showing the results for each 


combination of values, with cost-saving scenarios coloured green and cost incurring scenarios coloured red. 


This allows the reader to see at a glance the outcomes of the 2-way scenarios. The sponsor has summarised 


the scenario results in a table and part of this is reproduced in Table 21 below for the comparison of Sherlock 


3CG TCS without x-ray and blind PICC placement with x-ray confirmation. 


Table 21 Results from sponsor’s 2-way scenario analyses 


Sherlock 3CG TCS (no X-ray) v. blind bedside placement with X-ray 


 Cost difference 


(+ve if Sherlock 3CG TCS costs more) 


EAC Comment 


Costs increased from base case 
by 25% 


-£32.55 per patient  


Costs reduced from base case by 
25% 


-£19.72 per patient  


Costs relating to Sherlock 3CG 
TCS increased from base case by 
25% 


+£50.20 per patient  


Costs relating to Sherlock 3CG 
TCS reduced from base case by 
25% 


-£102.12 per patient  


Theatre cost excluded -£10.96 per patient  


Bedside replacement of PICC line 
for failed Sherlock 3CG TCS 
patients 


-£45.04 per patient EAC find this to be -£56.90 as 
modelled, or -£19.60 if bedside 
replacement is the route for 
both arms of the model. 


Healthcare professional costs 
using costs with qualification 
costs included 


-£32.87 per patient  


Sherlock 3CG TCS is cost saving in the scenarios except when the costs relating to Sherlock 3CG TCS are 


increased by 25%. In the scenario with bedside replacement of PICC line for failed Sherlock 3CG TCS patients, 


the PICC line replacement for the comparator is using fluoroscopy as in the base case and this favours Sherlock 


3CG TCS. 


4.3.2 Subgroup analysis 


No sub-group analysis was undertaken. The EAC considered that critical care patients could be considered a 


sub-group and could have been modelled using data from the Johnston (2014) paper. 







 
 


Page 69 of 91 
 


Sherlock 3CG Tip Confirmation System 
External assessment centre report 


4.3.3 Model validation 


The sponsor states that one economist created the model and a second economist checked it. A third 


economist quality assessed the economic submission. A clinical expert was consulted on resource assumptions 


within the model. Published economic evidence was limited but the sponsor reported that Sherlock 3CG TCS 


was cost saving consistent with the sponsor’s model. 


4.4 Interpretation of economic evidence 
The sponsor reports that the results of the de novo model are consistent with the two selected economic 


studies, finding cost savings for Sherlock 3CG TCS. The sponsor acknowledges the low methodological quality 


and limited relevance of the published studies. The sponsor claims to have considered all settings for 


inpatients and outpatients in scenario and sensitivity analysis. In the sponsor submission the sponsor identified 


the key strength as the conservative approach to parameter values in the model. Questionnaire responses 


from some UK centres currently using Sherlock 3CG TCS were used to support this, but the questionnaire 


survey was selective as only 8 of 16 centres using Sherlock 3CG TCS were invited to take part. This introduces 


potential bias. Another claimed strength of the submission is the extensive sensitivity analysis and scenario 


analysis undertaken to overcome limitations in the quality of data available for modelling. The EAC considers 


that extensive sensitivity analysis was undertaken, but structural assumptions in the model, were not 


thoroughly investigated. The lack of comparative trial data was identified by the sponsor as a weakness of the 


submission. The EAC considers this is a major weakness and has made recommendations for research to 


produce good quality data. Lack of data from outpatient and tertiary centres was also identified as a limitation, 


mitigated by using clinical advice. 


The sponsor identifies the key drivers of their model as the cost of PICC line insertion for each method and the 


success rate of initial PICC insertion. They state that where the success rate of Sherlock 3CG TCS is above 


97.5% it becomes cost saving. Elsewhere in the submission the sponsor’s two-way sensitivity analysis indicates 


that a difference of 4.5% in success rate for Sherlock 3CG with x-ray compared with blind PICC placement was 


cost saving. This is confirmed by the EAC in the critical care scenario. 


In the sponsor’s interpretation of economic evidence, the sponsor asserts that ‘insertion with Sherlock 3CG 


TCS (no x-ray) only has to be as effective as blind bedside placement to be cost saving’. This is consistent with 


the model as submitted, where the cost per PICC insertion is lower for Sherlock 3CG TCS without x-ray than 


blind PICC insertion. This is due to the shorter nurse time assigned to Sherlock 3CG TCS by the sponsor. 


Equipment costs for Sherlock 3CG TCS are higher than blind PICC insertion.  


4.5 Additional work undertaken by the External Assessment Centre in 
relation to economic evidence 


The EAC has quality checked the sponsor economic model (appendix 3).  
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Table 22 Model inputs changed by EAC results and impact for Sherlock no x-ray 


Input Sponsor value EAC value Sponsor 
result  


EAC result Impact 


Nurse time 62.49 minutes for 
blind PICC and for 
Sherlock 3CG TCS 
with x-ray 


39.5 minutes for 
Sherlock without x-
ray 


Set all equal to 
62.49 minutes 


-£25.67 


 


+£ 6.52 


 


+£32.19 


Mal-position rate 
for Sherlock 3CG 
TCS with no   x-ray 


4% 0% (since there 
is no way to 
identify a mal-
positioned PICC) 


-£25.67  


 


-£58.26  


 


-£32.59 


Re-placement of 
misplaced PICC  


100% Fluoroscopy 100% Bedside 
PICC placement 
using original 
method 


-£25.67 


 


-£19.60 


 


+£6.07 


Theatre costs for 
fluoroscopy 


£507.18 £101 -£510.04 -£120.10 +£389.94 


If nurse time is set equal to 62.5 minutes (or 39.5 minutes) for all bedside procedures then Sherlock 3CG TCS 


without x-ray becomes cost incurring +£6.52 compared with blind PICC placement and x-ray confirmation 


The EAC also calculated the effect on the base case results of including all patients requiring PICC including 


those not suitable for Sherlock 3CG TCS in the Sherlock 3CG TCS branch. This means taking the total number of 


patients in the model as 468. Of these 391 patients follow the Sherlock branch as laid out in the model. The 


remaining 77 patients deemed unsuitable for Sherlock 3CG TCS follow the Blind PICC placement with x-ray 


branch of the model. We add up the total costs for all of these patients and divide the result by 468. This 


changes the base case result for Sherlock (with no x-ray) from £304.90 to £309.12. Although this is a small 


change in the result for Sherlock 3CG TCS and does not on its own alter the outcome of the base case, the 


outcome of the model is marginal as to whether Sherlock 3CG TCS is cost saving.  


The effect of the EAC changes to the model inputs are shown for each combination of model branches in 


tables 23 to 26. 


  







 
 


Page 71 of 91 
 


Sherlock 3CG Tip Confirmation System 
External assessment centre report 


Table 23 Blind PICC vs Sherlock (no x-ray) - impact of EAC input changes on sponsor base case  


Scenario 


 


Blind PICC 
with x-ray 


Sherlock 3CG 
TCS no x-ray 


Cost 
Difference 


EAC comment 


Base Case  £330.56 £304.90 -£25.67  


Nurse time = 62.49 minutes £330.56 £337.08 +£6.52  


No malpositions for 
Sherlock without x-ray 


£330.56 £272.30 -£58.26 (Malpositions with blind 
PICC are treated with 
fluoroscopy as per base 
case) 


Re-placement is by the 
original method for all 
bedside PICC placement 


£293.26 £283.19 -£10.07   


Including cost of blind PICC 
where Sherlock not suitable 


£330.56 £309.13 -£21.43  


All above changes £293.26 £302.63 +£9.37  


 


Table 24 Impact of EAC changed inputs for blind PICC vs Sherlock with x-ray 


Scenario 


 


Blind PICC 
with x-ray 


Sherlock 3CG 
TCS with x-ray 


Cost 
Difference 


EAC comment 


Base Case  £330.56 £342.75 +£12.19 Nurse time already 62.49 
for both scenarios 


Re-placement is by the 
original method for all 
bedside PICC placement 


£293.26 £322.56  +£29.30   


Including cost of blind PICC 
where Sherlock not suitable 


£330.56 £340.74 +£10.18  


All above changes £293.26 £317.73  £24.47   
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Table 25 Impact of EAC changes to inputs on comparison of Fluoroscopy vs Sherlock (no x-ray) 


Scenario 


 


Fluoroscopy Sherlock 3CG 
TCS no x-ray 


Cost 
Difference 


EAC comment 


Base Case  £814.93 £304.90 -£510.03  


Nurse time = 62.49 minutes £814.93 £337.08 -£477.85  


No malpositions for 
Sherlock without x-ray 


£814.93 £272.30 -£542.63  


Re-placement is by the 
original method for all 
bedside PICC placement 


£814.93 £283.19  -£531.74  


Including cost of blind PICC 
where Sherlock not suitable 


£814.93 £309.12 -£505.81  


Theatre cost for fluoroscopy 
£101 


£408.75 £288.65 -£120.10  


All above changes £408.75 £302.63 -£106.12  


 


Table 26 Impact of EAC changes to inputs on comparison of fluoroscopy vs Sherlock with x-ray 


Scenario 


 


Fluoroscopy Sherlock 3CG 
TCS with x-ray 


Cost 
Difference 


EAC comment 


Base Case  £814.93 £342.75 -£472.18 Nurse time already 62.49 


Re-placement is by the 
original method for all 
bedside PICC placement 


£814.93 £322.56 -£492.38  


Including cost of blind PICC 
where Sherlock not suitable 


£814.93 £340.74 -£474.19  


Theatre cost for fluoroscopy 
£101 


£408.75 £326.50 -£82.25  


All above changes £408.75  £317.73 -£91.02  


 


4.5.1 Scenario using data from Johnston et al. (2013) and Johnston et al. (2014). 


The EAC ran a scenario for patients in critical care using data from two papers from the same unit and author. 


Johnston et al. (2013) describe the outcomes for blind PICC insertion with x-ray confirmation for ICU patients 


prior to the introduction of Sherlock 3CG TCS. The Johnston et al. (2014) paper describes the outcome for a 


similar patient cohort following the introduction of Sherlock 3CG TCS. The use of historical controls is not ideal 


and could introduce bias, but as no other comparative data is available this is potentially a useful comparison 


drawn from data from the same centre. Since there remains a large proportion of patients with mal-positioned 


catheters using Sherlock in these complex patients the EAC has assumed that the technology is Sherlock 3CG 


TCS with x-ray confirmation and the comparator is blind PICC placement with x-ray confirmation. Re-
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placement of PICC was by the original method in all cases. The inputs for the scenario taken from the papers 


are shown in tables 27 and 28. 


Table 27 Inputs for the EAC scenario for ICU patients 


Input Value Source 


Proportion of patients able to use 
Sherlock 3CG TCS 


95.6% Johnston et al. (2014) 11/250 
patients were excluded from 
analysis. 


Effectiveness Sherlock 3CG TCS 
with x-ray 


79.5% Johnston et al. (2014) 


Effectiveness blind PICC placement 49.2% Johnston et al. (2013) 


Nurse time taken 62.49 for all interventions  


Proportion of successful re-
placements at the bedside 


100% assumption 


Results of the ICU scenario are shown in table 28 below. 


Table 28 Results of the EAC scenario for ICU patients 


 Blind PICC 
insertion 
with x-ray 
confirmation  


PICC insertion 
with Sherlock 
3CG TCS with x-
ray 


Cost difference  EAC comment 


Total cost £413.69 £372.35 -£41.35 Based on sponsor base 
case model with ICU 
accuracy rates. 


In the ICU scenario Sherlock 3CG TCS with x-ray confirmation is significantly cost saving compared with blind 


PICC placement with x-ray because of the significant reduction in the proportion of mal-positioned catheters 


that needed to be re-positioned. The limitations of this scenario are:  


 the data is taken from a single centre and may not be generalisable  


 the comparison data was historical data from the same centre 


 the study only includes intermediate outcomes, the actual number of replacements is not reported 


4.6 Conclusions on the economic evidence 
In conclusion the economic model shows that: 


 switching from fluoroscopy to bedside PICC placement using either Sherlock 3CG TCS or blind 


placement with x-ray is cost saving 


 the best quality available evidence provides a case for Sherlock 3CG cost saving for ICU patients based 


on a lower malposition rate of 20% compared with blind PICC placement with x-ray (50%), giving a 


saving of £41.35 per patient, but this is based on a single centre 


 the economic case for Sherlock 3CG is less clear in other scenarios. 
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The lack of robust comparative evidence for Sherlock 3CG TCS is a limitation of the submission that impacts on 


our confidence in the interpretation of the de novo economic model. This is in particular because of the use of 


intermediate outcomes (malposition rate determined from retrospective analysis of x-ray images). No 


evidence was available in which patients were followed beyond the insertion or re-insertion of the PICC.  


There appears to be variation in service design for PICC placement between hospitals and within hospitals 


(Walker et. al.(2013), and expert advisors). Some services use nurse-led vascular access teams who insert all 


PICCs. Other centres have a fluoroscopy based service and some centres appear to use a mix of both. Different 


staff groups are involved in PICC insertion including trained nurses, medical staff with or without formal 


training and senior medical staff such as consultant anaesthetists and radiologists. This may partly reflect the 


particular patient groups requiring PICC insertion in a given locality, but there may be other factors.  


The model has compared the costs of Sherlock 3CG TCS for PICC insertion with no x-ray confirmation with 


blind PICC placement with x-ray confirmation assuming an existing nurse-led PICC team is in place. In this 


comparison the model compares the additional equipment costs for Sherlock 3CG TCS with the potential cost 


reduction from avoiding re-positioning of the PICC because of greater accuracy of Sherlock 3CG TCS. Overall 


the result is close to cost-neutral, and given the uncertainty of the model inputs and some structural 


assumptions it is difficult to be confident of a cost saving. However the model does not include complications 


or adverse events, since no data is available and this could have a significant effect on the outcome. The 


direction of the effect is unknown. 


Comparison of Sherlock 3CG at the bedside with fluoroscopy guided PICC insertion involves a change of 


location as well as a change in technology. Blind PICC placement can also be done at the bedside, so the cost 


savings from change of location cannot be claimed solely for Sherlock 3CG TCS. For centres that do not already 


have a bedside PICC service there would be some set-up costs incurred and these are not included in the 


model. The theatre costs for fluoroscopy used in the model seem excessively high compared with costs for 


comparable interventions from NHS reference costs 2012-13. 


Published data on critical care patients was excluded by the sponsor in the economic analysis. The EAC ran the 


model using this data and found that for critical care patients Sherlock 3CG TCS with x-ray was cost saving 


when compared with blind PICC placement with x-ray. Accurate PICC placement appears to be more difficult in 


critical care patients, but accuracy was considerably better using Sherlock 3CG TCS requiring fewer episodes of 


re-insertion using blind PICC placement with x-ray. Data on critical care patients came from a single centre and 


therefore may not be generalisable. 
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5  Impact on the cost difference between the technology and 


comparator of additional clinical and economic analyses 


undertaken by the External Assessment Centre 


The sponsor did not include data from Johnston et al. (2014) in the clinical submission or the 


submitted model. While the malposition rate reported by Johnston et al. (2014) is much higher than 


other evidence considered, there is a previous paper reporting malposition rates for similar patients 


in the same setting that demonstrates an improvement in positioning using Sherlock 3CG TCS. The 


EAC used this malposition data in the model to show an increased cost saving for Sherlock 3CG TCS 


due to the larger difference in successful placements between blind placement and ECG tip 


positioning. This is despite the malposition rate being high enough that the chest x-ray is still 


included for Sherlock 3CG TCS. Because this is a very specific setting and may not be indicative of 


many other uses of Sherlock 3CG TCS, this data is not included in the broader changes to the model 


by the EAC, reported below. The effect of including all EAC changes to the model inputs are shown in 


Tables 29 below. The EAC changes are: 


 Nurse time is equal for Blind PICC insertion with x-ray, Sherlock 3CG TCS with x-ray, and 


Sherlock 3CG TCS no x-ray. The EAC used a time of 62.59 minutes (Walker 2013). X-rays are 


costed separately. 


 Where Sherlock 3CG TCS is used without x-ray, there is an assumption of zero malpositions 


(within the time frame of the model) since no other tip confirmation system is used. 


 Replacements for PICCs placed at bedside should be at bedside using the original method. 


 Sherlock 3CG TCS is not suitable for use with all patients, the cost of treating these patients 


should be included. 


 The cost of theatre use for fluoroscopy should be £101 (NHS reference costs 2012-13) rather 


than £507.18. 


  







 
 


Page 76 of 91 
 


Sherlock 3CG Tip Confirmation System 
External assessment centre report 


Table 29 Effect of all EAC input changes on comparison of Sherlock with blind PICC 


 Sponsor 
base case 


increment EAC increment 


Blind PICC insertion 
with x-ray 
confirmation 


£330.56  £293.26  


Sherlock no x-ray £304.90 -£25.67 £302.63 +£9.37 


Sherlock with x-ray £342.75 +12.19 £3317.73  £24.47 


 


Table 30 Effect of all EAC input changes on comparison of Sherlock with fluoroscopy 


 Sponsor 
base case 


increment EAC increment 


Fluoroscopy  £814.93  £408.75  


Sherlock no x-ray £304.90 -£510.03 £302.63 -£106.12 


Sherlock with x-ray £342.75 -£472.18 £317.73 -£91.02 


6 Conclusions 
The available evidence is sparse, for non comparative case-studies and mainly lacking in detail. From the 


available evidence there does seem to be agreement that Sherlock 3CG TCS results in accurate PICC placement 


judged by chest x-ray. There is no information available on how this translates to reinsertion or repositioning 


procedures, or any longer term follow up of consequences and adverse events. There is no information on 


patient experience or preference. 


Given the lack of evidence, it is difficult to be confident of the cost model results. The sponsor carried out 


extensive sensitivity analysis, however the EAC disagreed with some of the key inputs. Overall the result is 


close to cost-neutral, and given the uncertainty of the model inputs and some structural assumptions it is 


difficult to be confident of a cost saving. The model does not include complications or adverse events, since no 


data is available and the direction of effect that this would have is unknown.  


The claimed benefits for the patient are:  


Better accuracy of PICC placement: The abstracts, posters and NHS questionnaires, and expert advisors 


who use the technology all appear to be in agreement that with the appropriate training and patient group, 


Sherlock 3CG TCS is an accurate method for placing PICCs. The one fully described study (Johnston et al. 2014) 


is rather more cautious, but indicates that accuracy is improved when compared to blind PICC placement 


confirmed by chest x-ray. Johnston et al (2014) state that, for ICU, Sherlock 3CG TCS would be adequate to 


replace routine chest x-rays for PICC placements where a broad definition of correct location was acceptable. 


They do not consider it adequate to replace routine chest x-ray if the acceptable location is confined to lower 


SVC and CAJ. 
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Better outcomes by reducing the incidence of catheter malposition and post procedural 


repositioning: There is a low level evidence to support a reduction of malpositions, no comparative studies 


were available. Johnston et al. (2014) can be cautiously compared to a previous study in the same setting 


(Johnston et al. 2013) showing a reduction of malpositions. NHS site questionnaires also support this view. 


None of the evidence addresses the number of repositioning procedures that occur due to these malpositions.  


Removes the need for a chest x-ray or fluoroscopy to confirm tip location after PICC 


insertion: The sponsor states that 9 of the 14 NHS sites using Sherlock 3CG TCS have stopped using routine 


chest x-rays. Johnston et al. (2014) state that, for ICU, Sherlock 3CG TCS would be adequate to replace routine 


chest x-rays for PICC placements where a broad definition of correct location was acceptable. They do not 


consider it adequate to replace routine chest x-ray if the acceptable location is confined to lower SVC and CAJ. 


Reduced treatment delays due to intra-procedural verification of tip position: There is no 


robust evidence to support this claim. The only evidence for this claim is a statement of reduced time in two 


posters, however there is no information on how this was measured, or what was included. Expert advisors 


had varied opinions as to which placement procedure would take longer. An assumption is generally made 


that removing the need for a chest x-ray would reduce procedure time, but this depends on the local 


procedures. . 


Safe method for PICC tip placement with no associated adverse events or complications: The 


evidence does not report adverse events or complications, but the lack of detailed reporting and the short 


time frame for all studies, means we cannot be sure that they did not occur. The NHS sites and expert advisors 


contacted did not report adverse events. FDA (MAUDE) includes reports of adverse events using Sherlock 3CG 


TCS, but this data is not collected systematically nor is it a complete record, and there is no information 


comparing to other methods of PICC insertion.. 


PICC placement and tip confirmation in the same procedure, improving patient experience 


(except for patients where ECG tip confirmation not appropriate): There is no available evidence 


on patient experience. 


Improves patient experience and increases patient’s confidence in the PICC placer: There is no 


available evidence on patient experience. 


Benefits claimed for the healthcare system are: 


Process efficiency through reduced care pathway (no chest x-ray): The statement that there are 


NHS sites no longer using routine chest x-rays for PICC tip confirmation supports the claim that it can be 


eliminated, at least in some circumstances. There may be patient groups or settings where this will not be 
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appropriate. As already discussed, there is no real evidence of a shortened care pathway, although this may be 


as much due to the paucity of evidence as a lack of benefit.  


Reduces staff requirements (radiologists/radiology nurses/radiographers/radiology 


healthcare support workers) as PICC tip confirmation by x-ray is reduced. Also reduced 


porters for patient transfer and doctors for x-ray assessment. There is no evidence of a reduction 


of staff requirements for PICC tip confirmation, routine chest x-rays are a very brief procedure and their 


reduction is not likely to have any noticeable impact on the staff providing the service. A change of setting for 


PICC placement or a significant reduction in the number of reinsertions may change staff requirements, 


however there is no evidence base for this. 


Potential reduction of bed occupancy due to reduced delays in treatment initiation: There is 


no evidence to support reduced bed occupancy. There is low quality evidence to support a reduction in delays 


until the PICC is confirmed available to use. There is no evidence to indicate if this translates into actual 


reduced delays to treatment initiation.  


Reduced costs of consequences of malpostioning: There is a low level evidence to support a 


reduction of malpositions, no comparative studies were available. Johnston et al. (2014) can be cautiously 


compared to a previous study in the same setting (Johnston et al. 2013) showing a reduction of malpositions. 


NHS site questionnaires also support this view. None of the evidence addresses the number of repositioning 


procedures that occur, or any other consequences of malposition.  


Reduces costs of resource intensive departments such as radiology: The cost of chest x-rays is 


low, however placement using fluoroscopy would be more costly. All variations in the model had some level of 


cost saving for Sherlock 3CG TCS compared to PICC placement using fluoroscopy, but this does not include 


costs for setting up a new bedside PICC placement team. No evidence was provided for the proportion of PICCs 


currently placed using fluoroscopy. 


7 Implications for research 
There are currently no published studies comparing insertion of PICC using Sherlock 3CG TCS with blind 


insertion and x-ray confirmation. The published single arm studies report PICC placement accuracy based on 


retrospective evaluation of chest x-rays. Different patient groups are not well defined in the sponsor 


submission.  


Future research should help to define important sub-groups for whom bedside PICC insertion with Sherlock 


3CG would be the best option based on clinical and economic outcomes. 


Future research should directly compare PICC insertion using Sherlock 3CG TCS and blind insertion with x-ray, 


preferably in a randomised trial. Outcome measures should include numbers of PICCs adjusted, removed and 
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re-inserted, and all complications and adverse events (including malposition, migration, line fracture, phlebitis, 


venous thrombosis, catheter-related infection, arrhythmia) should be recorded. Resource use would also be of 


interest. The research may include some or all of the patient groups requiring PICC insertion.  


There is currently no published research comparing PICC insertion using Sherlock 3CG with fluoroscopy. Similar 


studies as described above would be helpful. 
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Appendix 1: EAC literature search strategies 


The EAC designed the search strategies for different databases as follows: 


Ovid MEDLINE(R)  


Ovid MEDLINE(R) <1946 to June Week 3 2014> 


Search Strategy: 


-------------------------------------------------------------------------------- 


1     ((sherlock or sapiens or "bard access systems") and (catheter* or PICC)).tw. (15) 


2     (PICC adj5 tip adj3 (locat* or place* or detect* or position*)).tw. (15) 


3     ((Peripheral* adj3 central adj3 catheter*) and (tip adj3 (locat* or place* or detect* or position*))).tw. (57) 


4     (tip* and (accura* or correct* or precis*)).tw. (6527) 


5     Catheterization, Central Venous/is, mt [Instrumentation, Methods] (4958) 


6     4 and 5 (122) 


7     1 or 2 or 3 or 6 (183) 


8     exp animals/ not humans.sh. (3954108) 


9     7 not 8 (178) 


Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations  


Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations <June 30, 2014> 


Search Strategy: 


-------------------------------------------------------------------------------- 


1     ((sherlock or sapiens or "bard access systems") and (catheter* or PICC)).tw. (1) 


2     (PICC adj5 tip adj3 (locat* or place* or detect* or position*)).tw. (3) 


3     ((Peripheral* adj3 central adj3 catheter*) and (tip adj3 (locat* or place* or detect* or position*))).tw. (7) 


4     1 or 2 or 3 (7) 


EMBASE  
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<1947-Present> 


Search Strategy: 


-------------------------------------------------------------------------------- 


1     ((sherlock or sapiens or "bard access systems") and (catheter* or PICC)).tw. (34) 


2     (tip* and (accura* or correct* or precis*)).tw. (9846) 


3     *peripherally inserted central venous catheter/ (468) 


4     2 and 3 (29) 


5     (PICC adj5 tip adj3 (locat* or place* or detect* or position*)).tw. (42) 


6     ((Peripheral* adj3 central adj3 catheter*) and (tip adj3 (locat* or place* or detect* or position*))).tw. 


(113) 


7     1 or 4 or 5 or 6 (158) 


CINAHL Wednesday, July 02, 2014  


 


#  Query  Results  


S7  S1 OR S2 OR S3 OR S6  64  


S6  S4 AND S5  14 


S5  tip* and (accura* or correct* or precis*)  655 


S4  (MM "Peripherally Inserted Central Catheters")  446 


S3  
(Peripheral* N3 central N3 catheter*) AND (tip 


N3 (locat* or place* or detect* or position*))  
55 


S2  
PICC N5 tip N3 (locat* or place* or detect* or 


position*)  
9 


S1  
(sherlock or sapiens or "bard access systems") and 


(catheter* or PICC)  
5 


 


Cochrane Library 


Search Name: CEDAR_Sherlock 
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Date Run: 01/07/14  


ID Search Hits 


#1 ((sherlock or sapiens or "bard access systems") and (catheter or PICC)):ti,ab,kw  (Word variations have 


been searched) 6 


#2 (PICC) near tip near (locat* or place* or detect* or position*):ti,ab,kw  (Word variations have been 


searched) 1 


#3 ((Peripheral* near central near catheter*) and (tip near (locat* or place* or detect* or 


position*))):ti,ab,kw (Word variations have been searched)  0 


#4 MeSH descriptor: [Catheterization, Central Venous] explode all trees and with qualifier(s): 


[Instrumentation - IS, Methods - MT] 395 


#5 (tip* and (accura* or correct* or precis*)):ti,ab,kw  (Word variations have been searched) 270 


#6 #4 and #5  14 


#7 #1 or #2 or #3 or #6  21 


HEED 


(peripheral* and catheter* and tip) or PICC or Sherlock 


Results = 0 


ECONLit 


 


Wednesday, July 02, 2014   


#  Query  Results  


S7  S1 OR S2 OR S3 OR S6  0  


S6  S4 AND S5  0  


S5  tip* and (accura* or correct* or precis*)  60  


S4  (MM "Peripherally Inserted Central Catheters")  0  


S3  
(Peripheral* N3 central N3 catheter*) AND (tip N3 


(locat* or place* or detect* or position*))  
0  


S2  PICC N5 tip N3 (locat* or place* or detect* or position*)  0  
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S1  
(sherlock or sapiens or "bard access systems") and 


(catheter* or PICC)  
0  


 


 


Web of Science 


# 4 58  #3 OR #2 OR #1  


Indexes=SCI-EXPANDED, SSCI, CPCI-S Timespan=1990-


2011 


# 3 46  TS=((Peripheral* NEAR/3 central NEAR/3 catheter*) 


and (tip NEAR/3 (locat* or place* or detect* or 


position*)))  


Indexes=SCI-EXPANDED, SSCI, CPCI-S Timespan=1990-


2011 


# 2 9  TS=(PICC NEAR/5 tip NEAR/3 (locat* or place* or 


detect* or position*))  


Indexes=SCI-EXPANDED, SSCI, CPCI-S Timespan=1990-


2011 


# 1 11  TS=((sherlock or sapiens or "bard access systems") and 


(catheter* or PICC))  


Indexes=SCI-EXPANDED, SSCI, CPCI-S Timespan=1990-


2011 


 


National Technical Information Service (NTIS) database 


(sherlock and catheter) OR (PICC and catheter) OR (peripheral and catheter and tip) 


Results = 0 


NHS Evidence 


PICC AND catheter AND tip AND (location or placement or detection or position) 


Results = 41 



http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=4&SID=X2IDBvHSH9tWpNQ44ag&search_mode=CombineSearches

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=3&SID=X2IDBvHSH9tWpNQ44ag&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=2&SID=X2IDBvHSH9tWpNQ44ag&search_mode=AdvancedSearch

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=1&SID=X2IDBvHSH9tWpNQ44ag&search_mode=AdvancedSearch
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Pubmed ( ‘pubstatusaheadofprint’) 


pubstatusaheadofprint AND catheter* AND tip AND (detect* or locat* or place* or position*)  


Results= 37 


CEA registry [Cost Effectiveness Analysis] https://research.tufts-nemc.org/cear4/Home.aspx  


Sapiens or Bard Access systems or Sherlock 


Results= 0 


EconPapers  http://econpapers.repec.org/   


(Sapiens or Bard Access systems or Sherlock) AND (catheter or PICC) 


Results= 0 


ICTRP – not able to export to Reference Manager 


Searched for: ‘Sherlock’ , Results = 5, 2 relevant both listed on Clinical Trials.gov 


Clinicaltrials.gov – not able to export to Reference Manager 


Searched for: ‘Sherlock AND catheter’ , Results = 3, 2 relevant 


MAUD FDA – not able to export to Reference Manager 


97 records meeting your search criteria returned - Manufacturer: bard Brand Name: sherlock Report Date 


From: 01/01/2000 Report Date To: 05/31/2014 


3 records meeting your search criteria returned - Manufacturer: bard Brand Name: sapiens Report Date From: 


01/01/2000 Report Date To: 05/31/2014 


MHRA 


Searched site for : Sherlock, bard & catheter, PICC & Bard = 0 


EMA,  


Searched site for : Sherlock & catheter, bard & catheter, PICC & Bard = 0 


  



https://research.tufts-nemc.org/cear4/Home.aspx

http://econpapers.repec.org/





 
 


Page 87 of 91 
 


Sherlock 3CG Tip Confirmation System 
External assessment centre report 


Appendix 2: EAC information on prevalence of PICCs 


 


Paper Setting Period PICC prevalence Comments Mean 
annual 


PICC rate 


Nicholson, 2011 Royal Surrey 
County Hospital, 
DGH, non-
oncology 
patients 


3 yrs 119 total PICCs (see also 
Nicholson 2010) 


40 


Kelly F, 2011 Galway 
University 
Hospitals 


19 mths 194 lines in 170 
patients, 5354 line 
days 


PICCs performed 
by Clinical Nurse 
Specialist 


122 


Appleton, 2013 Wirral University 
Teaching 
Hospitals 


2 yrs (Jan 
2010 – Jan 
2012) 


294 single lumen 
lines in 225 
patients, median 
line days 16 (0-
368 days), 49% for 
parenteral 
nutrition. 


Dedicated PICC 
service. (May 
exclude oncology 
patients.) 


148 


Philips, 2010 Good Hope 
Hospital, Sutton 
Coldfield 


11 mths 
(2010) 


57 PICCs, of which 
3 were 
malpositioned on 
x-ray & 3 did not 
reach the desired 
depth 


PICC Outreach 
Service, for ward-
based insertion 


62 


Sykes, 2012 Good Hope 
Hospital, Sutton 
Coldfield 


1 yr (2011) 123 PICCs (115% 
increase on 2010 
numbers); 43% for 
long-term Abs, 
duration 1-107 
days; 6 (5%) were 
malpositioned. 


Ward-based 
service (as Philips 
2010 above) 


123 


Oliver & Jones, 
2013 


East Kent 
Hospitals 


? 2000 PICCs placed 
using ECG 


 ? 


Simcock, 2008 PICC Service in 
Oncology, UCL 


1 yr (2005) 227 PICCs (upper 
arm), increasing 
demand since 
audit due to 
preference for 
PICCs for central 
access 


Before & after 
change to upper 
arm placement. In 
and out patient 
treatments. 


227 


Finch, 2010 ITU (850 patients 
per year), Royal 
Devon and Exeter 
Hospital, Exeter 


2 yrs (Jan 
2008 – Dec 
2009) 


188 PICCs, mean 
duration 18 days, 
0.5% 
misplacement 


Dedicated 
vascular access 
team 


94 


Baker, 2012 ITU (880 patients 
per year), Royal 
Devon and Exeter 
Hospital, Exeter 


4 yrs (2008 - 
2012) 


287 PICCs, mean 
dwell time 8 days 
(ICU) + 10 days 
(post-discharge) 


Includes Finch 
2010 data. Nurse-
led Vascular 
Access Team. 


72 


Desikan, 2012 DGH, East Surrey 
Hospital, Redhill 


2 yrs (2009 - 
2010) 


118 PICCs, 42 in 
2009, 76 in 2010. 


No report of 
malposition in 


42 
76 
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complications. 


Gururaj, 2013 Heamatology 
patients, 
Imperial College, 
Healthcare NHS 
Trust 


2010-2012 36 (2010), 62 
(2011), 58 (7mths 
in 2012) 


 36 
62 


(99) 


Hughes, 2014 Velindre Hospital, 
Whitchurch 


 ~460 Groshong 
PICCs placed 
annually. PICCs 
managed over 
@50 mile radius 
in a variety of 
settings. 


Introduction of 
catheter securing 
device. Cost data 
included. All 
Wales oncology 
patients. 


460 


Walker & Todd, 
2013 


Raigmore 
Hospital, 
Inverness (577 
beds) 


4 mths (2012-
13) 


141 PICCs Contains useful 
costing data? 


423 
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Appendix 3: EAC quality check of sponsor model 


Study name  Sponsor economic model – Sherlock 3CG TCS 


Study design: Decision tree  


Study question Response 
(yes/no/not 
clear/N/A) 


Comments 


1. Was the research question stated?  Yes  


2. Was the economic importance of 
the research question stated?  


Yes  


3. Was/were the viewpoint(s) of the 
analysis clearly stated and justified?  


Yes NHS & PSS 


4. Was a rationale reported for the 
choice of the alternative programmes 
or interventions compared?  


Yes From the scope 


5. Were the alternatives being 
compared clearly described?  


Yes  


6. Was the form of economic 
evaluation stated?  


Yes Decision tree 


7. Was the choice of form of 
economic evaluation justified in 
relation to the questions addressed? 


Yes  


8. Was/were the source(s) of 
effectiveness estimates used stated?  


Yes 4 published abstracts 


9. Were details of the design and 
results of the effectiveness study 
given (if based on a single study)?  


n/a  


10. Were details of the methods of 
synthesis or meta-analysis of 
estimates given (if based on an 
overview of a number of 
effectiveness studies)?  


n/a  


11. Were the primary outcome 
measure(s) for the economic 
evaluation clearly stated?  


Yes  


12. Were the methods used to value 
health states and other benefits 
stated?  


n/a Cost-consequences 


13. Were the details of the subjects 
from whom valuations were 
obtained given?  


n/a  


14. Were productivity changes (if 
included) reported separately?  


n/a  


15. Was the relevance of productivity 
changes to the study question 


n/a  
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discussed?  


16. Were quantities of resources 
reported separately from their unit 
cost?  


Yes  


17. Were the methods for the 
estimation of quantities and unit 
costs described?  


Yes  


18. Were currency and price data 
recorded?  


Yes  


19. Were details of price adjustments 
for inflation or currency conversion 
given?  


No  


20. Were details of any model used 
given?  


Yes  


21. Was there a justification for the 
choice of model used and the key 
parameters on which it was based?  


Yes  


22. Was the time horizon of cost and 
benefits stated?  


Yes Period to successful PICC insertion. 


23. Was the discount rate stated?  n/a No discounting was applied 


24. Was the choice of rate justified?  n/a  


25. Was an explanation given if cost 
or benefits were not discounted?  


n/a  


26. Were the details of statistical 
test(s) and confidence intervals given 
for stochastic data?  


 n/a  


27. Was the approach to sensitivity 
analysis described?  


Yes One-way sensitivity analysis and multi-way 
scenarios were included. 


28. Was the choice of variables for 
sensitivity analysis justified?  


Yes  


29. Were the ranges over which the 
parameters were varied stated?  


Yes  


30. Were relevant alternatives 
compared? (That is, were appropriate 
comparisons made when conducting 
the incremental analysis?)  


Yes  


31. Was an incremental analysis 
reported?  


Yes  


32. Were major outcomes presented 
in a disaggregated as well as 
aggregated form?  


Yes  


33. Was the answer to the study 
question given?  


Yes  


34. Did conclusions follow from the 
data reported?  


Yes  
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35. Were conclusions accompanied 
by the appropriate caveats?  


Yes  


36. Were generalisability issues 
addressed?  


Yes  


Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic 
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical Journal 313 (7052): 275–
83. Cited in Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s guidance for undertaking 
reviews in health care. York: Centre for Reviews and Dissemination 
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 NATIONAL INSTITUTE FOR HEALTH AND CARE 


EXCELLENCE 


Medical technology guidance 


SCOPE 


SherLock 3CG Tip Confirmation System for placement 


of peripherally inserted central catheters  


1 Technology  


1.1 Description of the technology  


The SherLock 3CG Tip Confirmation System (C.R. Bard) is designed to 


confirm the correct tip placement of a peripherally inserted central catheter 


(PICC)1. It integrates tip location and confirmation by enabling the magnetic 


and electrocardiographic real-time tracking of the PICC tip during insertion. 


This technology is intended to allow the person placing the PICC to 


immediately detect and correct any tip malposition. Ultrasound is used to 


visualise and identify a suitable vein in the upper arm before the SherLock 


3CG Tip Confirmation System (TCS) is deployed. 


The SherLock 3CG Tip Confirmation System is intended to be used in any 


indication where therapy requires venous access through a PICC in adult 


patients. The mode of action is such that it is advisable to use this technique 


with caution in patients with altered cardiac rhythms, specifically those in 


whom an electrocardiography (ECG) P-wave is not easily detectable such as 


in atrial fibrillation, rapid tachycardia and paced rhythm. Sherlock 3CG TCS 


can be used in these patients but a chest X-ray will still be required to confirm 


PICC tip location. 


The SherLock comprises: 


- a system console which includes a control processor with display interface  


                                            
A PICC is inserted through one of the large veins in or near the arm (basilic, brachial or 
cephalic vein) rather than the neck or chest.


1
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- a tip location SherLock sensor 


- a single use PowerPICC SOLO catheter with SherLock 3CG Tip 


Positioning System (TPS) stylet. The position of the stylet shows on the 


display interface when the tip location mode is active. 


-  a remote control which allows the user to change settings through the 


procedure and maintain the sterile field 


- an optional miniature, wireless printer to create a paper record of the ECG 


readings which are used to confirm PICC tip placement. 


The SherLock sensor is positioned on the patient’s sternum with 2 ECG leads 


placed to pick up the external ECG waveforms (1 ECG electrode is placed on 


the right upper chest and the other on the left side of the abdomen below the 


umbilicus). The PowerPICC SOLO catheter is inserted with the SherLock 3CG 


TPS stylet, which has permanent, passive magnets encapsulated within its tip. 


During insertion when the tip location mode is active, the magnets generate a 


field which is detected by the SherLock sensor, enabling tracking of the PICC 


to be visualised on the interface in real time. The SherLock sensor allows the 


placer to visualise if the PICC is tracking into the internal jugular vein or 


contra-lateral vein or is taking the correct path towards the cavo-atrial junction. 


A yellow depth marker on the interface indicates the depth of the PICC. The 


SherLock interface also simultaneously displays real-time ECG waveforms 


received from the patient’s skin (baseline) and from the tip of the catheter 


(intravascular). Intravascular ECG is acquired from a column of saline injected 


into the PICC by the placer, prior to PICC placement. The P-wave changes on 


the ECG as the PICC tip moves towards the right atrium and right ventricle. 


By observing the displayed ECG P-wave, a clinician can determine the PICC 


tip location as it travels through the superior vena cava to the right atrial 


junction.      


1.2 Regulatory status 


The Sherlock 3CG TCS received a class I CE mark in December 2011 and 


this was updated in February 2013. The PowerPICC SOLO catheter with the 
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Sherlock 3CG TPS stylet received a class III CE mark in February 2012. The 


Sherlock 3CG TCS was launched in the UK in April 2013. The SherLock 3CG 


TCS was previously available as the SherLock TLS, SherLock II, SherLock 


3CG TPS, Sapiens Tip Confirmation System (TCS) and SherLock II TLS. It 


was first available in the USA in 2006. SherLock 3CG TCS is the fifth 


generation device.   


1.3 Claimed benefits 


The benefits to patients claimed by the sponsor are: 


 Better accuracy of PICC placement and better outcomes by reducing the 


incidence of catheter malposition and post procedural repositioning. 


 Removes the need for a chest X-ray or fluoroscopy to confirm tip location 


after PICC insertion. 


 Intra-procedural verification of the position of the PICC tip allows for the 


PICC to be used immediately after insertion thereby reducing treatment 


delays for the patient. Treatment delays have been reported to be up to 48 


hours post PICC insertion.  


 Provides a safe method for PICC tip placement with no associated adverse 


events or complications.   


 PICC placement and tip confirmation are achieved during the same clinical 


procedure and this is easier for the patient and makes for a better patient 


experience (except for patients with altered cardiac rhythms, including 


patients where an ECG P-wave is not easily detectable such as in atrial 


fibrillation, rapid tachycardia and paced rhythm). 


 Improves patient experience and increases the patient's confidence in the 


PICC placer as the rate of malpositioning and repositioning is reduced. 


 


The benefits to the healthcare system claimed by the sponsor are:  


 Process efficiency through reduced care pathway as no PICC tip 


confirmation using X-ray is required.    


 Reduces staff requirements (radiologists/radiology nurses/radiographers/ 


radiology healthcare support workers) as PICC tip confirmation by X-ray is 
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reduced/eliminated; reduces the need for hospital porters to transfer 


patients between PICC placement setting to radiology for chest X-ray; 


reduces the need for doctors to confirm PICC X-ray before treatment can 


be initiated. All the staffing resources that are freed by the use of SherLock 


3CG can be redirected to other areas of need.   


 Potential reduction of bed occupancy due to reductions in delays of 


treatment initiation post-PICC insertion; delays caused by repositioning and 


malpositioning. This may lead to earlier discharge of hospital patients 


receiving intravenous therapy, enabling management in the community. 


 Reduces costs of consequences of malpositioning.  


 Reduces costs of using resource intensive departments such as radiology. 


1.4 Relevant diseases and conditions 


PICCs are used in a variety of clinical scenarios and there is no single source 


for the average annual number of insertions. A review in 1994 estimated that 


there were more than 200,000 central venous catheters (including PICCs) 


inserted in the UK annually. These were used for a variety of indications and 


diseases. The 1994 review identified the following circumstances as being 


suitable for PICCs: 


 Intravenous access for drugs and fluids 


 Infusion of irritant drugs—for example, chemotherapy  


 Total parenteral nutrition 


 Long term administration of drugs such as antibiotics 


 Monitoring or interventions 


 Central venous pressure 


 Repeated blood sampling 


 Where there is poor peripheral access. 


1.5 Current management 


In current NHS clinical practice, PICCs are inserted by clinicians including 


intensive care consultants, anaesthetists, general physicians, nurse 


specialists, radiologists and radiographers. The clinical settings include 


operating theatres, emergency rooms, oncology, orthopaedic and other 
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wards, radiology departments, intensive care, high dependency units and 


outpatient clinics. A sterile environment is necessary, but can be achieved 


using a maximum barrier, sterile field at the bedside. 


Ultrasound is used to identify a suitable vein in the upper arm. The PICC is 


then inserted using a modified Seldinger technique. This involves inserting a 


small gauge needle into the vein followed by a wire. A sheath and dilator are 


then used to gain access for the catheter into the vein and the wire is 


removed. The PICC is then advanced to a suitable point using an earlier 


measurement of the distance between the insertion site and a suitable 


anatomical landmark (for example, the third right intercostal space below the 


right clavicular head). The position of the PICC is then confirmed by chest X-


ray. Fluoroscopy may also be used to help position the PICC, especially 


where this is difficult, such as in patients with narrow vessels. 


PICC placement 


Different guidelines recommend different catheter tip positions. The European 


Society for Clinical Nutrition and Metabolism Guidelines on parenteral 


nutrition: central venous catheters indicate that the ideal position is in the 


lower third of the superior vena cava, at the atrio-caval junction, or in the 


upper portion of the right atrium. USA guidelines from the American Journal of 


Roentgenology: Central venous access: a primer for the diagnostic radiologist, 


favour the low superior vena cava or cava-atrial junction.   


The British Committee for Standards in Haematology and current NHS local 


practice guidelines and policies determine that a chest x-ray, to confirm PICC 


location, must be performed before the PICC can be used. Once the chest X-


ray is performed, the guidelines state that no PICC should be used, until and 


unless the X-ray has been checked and it is documented in the medical notes 


that the line is in the correct position for use.   


2 Reasons for developing guidance on the 


SherLock 3CG Tip Confirmation System for 







Page 6 of 10 
NICE medical technology scope: SherLock 3CG Tip Confirmation System for placement of 
peripherally inserted central catheters 
Date: June 2014   


placement of peripherally inserted central 


catheters  


The Committee considered that SherLock 3CG TCS may offer benefits to 


patients by reducing the need for X-rays after insertion of the PICC lines, or 


fluoroscopy to guide placement. Additional benefits include the avoidance of 


delay in treatment and inconvenience of visiting the Radiology department. 


The Committee considered that SherLock may offer benefits to the healthcare 


system by reducing both the costs associated with radiological confirmation of 


PICC location, and the rate of malpositioning of PICCs.  


The Committee was advised that SherLock 3CG TCS should be evaluated 


relative to two comparators: PICC insertion with a confirmatory chest X-ray; 


and fluoroscopic-guided PICC insertion in a radiology department or operating 


theatre. 
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3 Statement of the decision problem  


 Scope issued by NICE 


Population  Adult patients undergoing PICC insertion 


Intervention SherLock 3CG Tip Confirmation System 


Comparator(s)  PICC insertion followed by chest X-ray to confirm tip placement  


 Fluoroscopy to guide PICC insertion and confirm tip placement 


Outcomes The outcome measures to consider include: 


 accuracy of catheter tip placement 


 incidence of catheter malposition 


 need for catheter re-positioning 


 impact of malposition-related complications such as 
infection/thrombosis 


 treatment delay following catheter placement  


 reduced staff time 


 reduced in-hospital stay 


 requirement for confirmatory chest X-ray 


 requirement for fluoroscopy to correctly place the PICC tip 


 time taken to insert PICC 


 PICC failure/re-insertion rates 


 patient experience measures 


 quality of life 


 device-related adverse events. 


Cost analysis The cost analysis will include both the standard method of PICC 


placement and fluoroscopic method as comparators. The use in 


different care settings (e.g. secondary, tertiary care) should be 


considered. This includes considering the difference between 


inpatient and outpatient costs. 


Costs will be considered from an NHS and personal social services 


perspective. 


The time horizon for the cost analysis will be sufficiently long to 


reflect any differences in costs and consequences between the 


technologies being compared. 


Sensitivity analysis will be undertaken to address uncertainties in the 


model parameters, which will include scenarios where the use of 


SherLock removes the requirement for post-insertion confirmatory 


chest X-Ray. 


Subgroups to 


be considered 


None 


Special 


considerations, 


specifically 


related to 


Many patients requiring a PICC would be classed as disabled under 


the Equality Act 2010 but there are no equality issues with the use of 


SherLock 3CG TCS. 
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equality issues 


 Are there any people with a protected characteristic for 


whom this device has a particularly disadvantageous 


impact or for whom this device will have a 


disproportionate impact on daily living, compared with 


people without that protected characteristics? 


No 


Are there any changes that need to be considered in the 


scope to eliminate unlawful discrimination and to promote 


equality? 


No 


Is there anything specific that needs to be done now to 


ensure MTAC will have relevant information to consider 


equality issues when developing guidance? 


No 


4 Related NICE guidance 


Published  


 Infection: Prevention and control of healthcare-associated infections in 


primary and community care. NICE Clinical Guideline, CG139, March 2012. 


Available from: http://guidance.nice.org.uk/CG139 


 Nutrition support in adults: Oral nutrition support, enteral tube feeding and 


parenteral nutrition. NICE Clinical Guideline, CG32, February 2006. 


Available from: http://www.nice.org.uk/CG32 


 Guidance on the use of ultrasound locating devices for placing central 


venous catheters. NICE Technology Appraisal, TA49, September 2002. 


Available from: http://www.nice.org.uk/guidance/TA49 


Under development 


None identified. 


5 External organisations  


5.1 Professional organisations 


5.1.1 Professional organisations contacted for expert advice 


At the selection stage, the following societies were contacted for expert 


clinical and technical advice:  


 Association of Surgeons in Primary Care 


 British Cardiovascular Intervention Society  


 British Cardiovascular Society 


 Intensive Care Society 



http://guidance.nice.org.uk/CG139

http://www.nice.org.uk/CG32

http://www.nice.org.uk/guidance/TA49
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 The Royal College of Anaesthetists 


 Royal College of Nursing 


 Royal College of Physicians  


 British Association of Critical Care Nurses 


 Royal College of Radiologists 


 National Infusion and Vascular Access Society 


5.1.2 Professional organisations invited to comment on the 


draft scope 


The following societies have been alerted to the availability of the draft scope 


for comment:  


 Cancer Black Care 


 Action Cancer - NI 


 BME cancer.communities 


 Cancer Equality  


 Cancer of Unknown Primary (CUP) Foundation - Jo's Friends 


 Cancer Research UK 


 Cancer52 


 CancerHelp UK 


 Children with Cancer 


 CLIC Sargent 


 CRITpal 


 Crohn’s and Colitis UK 


 Helen Rollason Cancer Charity 


 ICUSteps  


 Independent Cancer Patients' Voice 


 Macmillan Cancer Support 


 Maggie’s Centres 


 Marie Curie Cancer Care 


 MRSA Action UK 


 National Kidney Federation (NKF) 


 PINNT (Patients on Intravenous and Nasogastric Nutrition Therapy) 


 Rare Disease UK 
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 Rarer Cancers Foundation 


 Sue Ryder  


 Teenage Cancer Trust (TCT) 


 Tenovus  


 Together for Short Lives 


 Ulcerative Colitis UK 


5.2 Patient organisations 


At the selection stage, NICE’s Public Involvement Programme contacted the 


following organisations for patient commentary and alerted them to the 


availability of the draft scope for comment:  


 Cancer Black Care 


 Cancer Equality  


 Cancer Voices 


 Cancer52 


 Crohn’s and Colitis UK 


 Helen Rollason Cancer Charity 


 Macmillan Cancer Support 


 Maggie’s Centres 


 Marie Curie Cancer Care 


 MRSA Action UK 


 Neurological Alliance 


 Neurosupport 


 PINNT (Patients on Intravenous and Nasogastric Nutrition Therapy) 


 Rarer Cancers Foundation 


 Spinal Injuries Association  


 Sue Ryder  


 Tenovus  


 Ulcerative Colitis UK 
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Instructions for sponsors  


This is the template for submission of evidence to the National Institute for 


Health and Care Excellence (NICE) as part of the Medical Technologies 


Evaluation Programme process for developing NICE medical technologies 


guidance. Use of the submission template is mandatory. 


The purpose of the submission is for the sponsor to collate, analyse and 


present all relevant evidence that supports the case for adoption of the 


technology into the NHS in England, within the scope defined by NICE. 


Failure to comply with the submission template and instructions could 


mean that the NICE cannot issue recommendations on use of the 


technology. 


The submission should be completed after reading the ‘Medical Technologies 


Evaluation Programme Methods guide’ and the ‘Medical Technologies 


Evaluation Programme Process guide’ available at www.nice.org.uk/mt.   After 


submission to, and acceptance by, NICE, the submission will be critically 


appraised by an External Assessment Centre appointed by NICE. 


Under exceptional circumstances, unpublished evidence is accepted under 


agreement of confidentiality. Such evidence includes ‘commercial in 


confidence’ information and data that are awaiting publication (‘academic in 


confidence’). When data are ‘commercial in confidence’ or ‘academic in 


confidence’, it is the sponsor’s responsibility to highlight such data clearly. For 


further information on disclosure of information, submitting cost models and 


equality issues, users should see section 11 of this document ‘Related 


procedures for evidence submission’. 


The submission should be concise and informative. The main body of the 


submission should not exceed 100 pages (excluding the pages covered by 


the template and appendices). The submission should be sent to NICE 


electronically in Word or a compatible format, not as a PDF file. 


The submission must be a stand-alone document. Additional appendices may 


only be used for supplementary explanatory information that exceeds the level 



http://www.nice.org.uk/mt
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of detail requested, but that is considered to be relevant to the case for 


adoption. Appendices will not normally be presented to the Medical 


Technologies Advisory Committee when developing its recommendations. 


Any additional appendices should be clearly referenced in the body of the 


submission. Appendices should not be used for core information that has 


been requested in the specification. For example, it is not acceptable to attach 


a key study as an appendix and to complete the economic evidence section 


with ‘see appendix X’.  


All studies and data included in the submission must be referenced. Identify 


studies by the first author or trial ID, rather than by relying on numerical 


referencing alone (for example, ‘Trial 123/Jones et al.126, rather than ‘one 


trial126’).Please use a recognised referencing style, such as Harvard or 


Vancouver. 


The sponsor should provide a PDF copy of full journal articles or reports – in 


electronic or hard copy form – included in the submission, if the sponsor is 


either the copyright owner or has adequate copyright clearance to permit the 


intended use by NICE. This clearance must be wide enough to allow NICE to 


make further copies, store the article electronically for a limited period of time 


on a shared drive to be accessed by a limited number of staff. Additionally, 


any full article obtained and submitted in electronic format must be done so in 


a manner compliant with the relevant contractual terms of use permitting the 


sponsor electronic access to the article. If the sponsor does not have sufficient 


copyright clearance, they are asked to submit references or links only, or 


details of contacts for unpublished research. NICE will then itself obtain full 


copies of all relevant papers or reports, paying a copyright fee where 


necessary. For unpublished studies for which a manuscript is not available, 


provide a structured abstract about future journal publication. If a structured 


abstract is not available, the sponsor must provide a statement from the 


authors to verify the data provided. 


If a submission is based on preliminary regulatory recommendations, the 


sponsor must advise NICE immediately of any variation between the 


preliminary and final approval.  
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Document key  


Boxed text with a grey background provides specific and/or important 


guidance for that section. This should not be removed. 


Information in highlighted black italic is to help the user complete the 


submission and may be deleted.  


The user should enter text at the point marked ‘Response’ or in the tables as 


appropriate. ‘Response’ text may be deleted. 
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Glossary of terms 


If a glossary of terms is required to inform the submission of evidence include 


in the table. Delete if not required. 


Term Definition 


ECG Echocardiograph 


NHS National Health Service 


PICC  Peripherally Inserted Central Catheter 


TCS Tip Confirmation System 


TLS Tip Location System 


TPS Tip Positioning System 


CAJ Cavo-atrial junction 


SVC Superior Vena Cava 


UK United Kingdom 
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Section A – Decision problem 


Section A describes the decision problem, the technology and its clinical 


context. There is also information about ongoing studies, regulatory 


information and equality issues. 


Sponsors should submit section A before the full submission (for details on 


timelines, see the NICE document ‘Guide to the Medical Technologies 


Evaluation Programme process’, available from www.nice.org.uk/mt  


 



http://www.nice.org.uk/mt
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1 Statement of the decision problem 


The decision problem is specified in the final scope issued by NICE. The 


decision problem states the key parameters that should be addressed by the 


information in the evidence submission. All statements should be evidence 


based and directly relevant to the decision problem. 
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Table A1 Statement of the decision problem 


 Scope issued by 
NICE  


Variation from 
scope 


Rationale for 
variation 


Population  Any adult patient 
with an indication 
where therapy 
requires venous 
access through a 
PICC.  


None N/A 


Intervention Sherlock 3CG Tip 
Confirmation 
System. 


None N/A 


Comparator(s) 1). PICC insertion 
followed by chest 
X-ray to confirm tip 
placement  
 
2). Fluoroscopy to 
guide PICC 
insertion and 
confirm tip 
placement. 


None N/A 


Outcomes 1). Accuracy of 
catheter tip 
placement  
2). Incidence of 
catheter 
malposition  
3). Need for 
catheter re-
positioning  
4). Impact of 
malposition-related 
complications such 
as 
infection/thrombosis  
5). Treatment delay 
following catheter 
placement  
6). Reduced staff 
time  
7). Reduced in-
hospital stay  
8). Requirement for 
confirmatory chest 
X-ray  
9). Requirement for 
fluoroscopy to 
correctly place the 
PICC tip  
10). Time taken to 
insert PICC  
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11). PICC failure/re-
insertion rates  
12). Patient 
experience 
measures  
13). Quality of life  
14). Device-related 
adverse events. 
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Cost analysis The cost analysis 
will include both the 
standard method of 
PICC placement 
and fluoroscopic 
method as 
comparators. The 
use in different care 
settings (e.g. 
secondary, tertiary 
care) will be 
considered. This 
includes 
considering the 
difference between 
inpatient and 
outpatient costs. 


Costs will be 
considered from an 
NHS and personal 
social services 
perspective. 


The time horizon for 
the cost analysis 
will be sufficiently 
long to reflect any 
differences in costs 
and consequences 
between the 
technologies being 
compared. 


Sensitivity analysis 
will be undertaken 
to address 
uncertainties in the 
model parameters, 
which will include 
scenarios where 
the use of Sherlock 
removes the 
requirement for 
post-insertion 
confirmatory chest 
X-Ray. 


None N/A 


Subgroups to be 
considered 


None None N/A 


Special 
considerations, 
including issues 
related to equality 


Many patients 
requiring a PICC 
would be classed 
as disabled under 
the Equality Act 
2010 but there are 
no equality issues 


None N/A 
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with the use of 
Sherlock 3CG TCS.  
 


2 Description of technology under assessment  


2.1 Give the brand name, approved name and details of any different 


versions of the same device. 


 


Brand name and approved name is Sherlock 3CG Tip Confirmation System 


(TCS). The Sherlock 3CG TCS is a fifth generation device and the 


development timelines and different versions of the device are detailed 


below:- 


1). Sherlock – Rectangular magnetic field sensor. No ECG. Tip location only. 


2). Sherlock II – Y Shaped magnetic field sensor. No ECG. (with/without USB 


for Ultrasound). Tip location only. 


3). Sherlock 3CG Tip Positioning System – Single ECG channel. Tip location 


and tip positioning.  


4). Sapiens TCS and Sherlock II TLS – Double ECG channel (with/without 


USB for Ultrasound).  Tip location and confirmation.  


5). Sherlock 3CG TCS – Double ECG channel. USB for Ultrasound). Tip 


location and confirmation. The USB for Ultrasound is available in the US and 


not in the EU. 


2.2 What is the principal mechanism of action of the technology? 


Sherlock 3CG TCS is a fully integrated tip location and confirmation system 


which enables the magnetic and electrocardiographic (ECG) real-time tracking 


of the PICC tip during insertion, allowing the PICC placer to detect and correct 


any tip malpositions identified during the PICC placement procedure. Sherlock 


3CG TCS is used in conjunction with ultrasound.  
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Sherlock comprises a system console including a control processor with 


display interface, a tip location sensor, a PowerPICC SOLO PICC Catheter 


with Sherlock stylet which displays on the interface when the tip location mode 


is active) and a remote control which allows the user to change settings 


through the procedure and maintain the sterile field.  To aid documentation, a 


printer can also be purchased separately.  


Sherlock is used with the PowerPICC SOLO Catheters which have the 


Sherlock 3CG TLS Stylet. The PowerPICC catheter is indicated for short or 


long-term peripheral access to the central venous system for intravenous 


therapy, power injection of contrast media, and allows for central venous 


pressure monitoring. The PowerPICC SOLO Catheter with Sherlock 3CG TLS 


stylet contains permanent, passive magnets encapsulated within the tip of the 


Sherlock 3CG TLS stylet. The magnets generate a magnetic field, which can 


be detected by the Sherlock TLS sensor, enabling magnetically-based 


tracking of the PICC tip during its advancement providing the placer rapid 


feedback on catheter tip location during PICC insertion. The mode of action of 


Sherlock is detailed below. 


Sherlock is used in conjunction with the existing ultrasound machine. The 


Sherlock and ECG electrodes are placed on the patient's torso and remain in 


situ during the procedure and removed after. The ultrasound is used to 


introduce the PICC into the patient's vasculature. The Sherlock sensor picks 


up the magnetic signal at the tip of the PICC and the path it takes through the 


patient’s vasculature is visualised in real time on the interface.  The interface 


displays the relative position, and orientation, of the magnet-tipped stylet to 


the sensor by (1) Taking a background measurement of the ambient magnetic 


field during the calibration cycle and (2) Sensing changes in the magnetic 


field. If the PICC passes to the contra-lateral side, up the internal jugular or 


does not drop into the superior vena cava (SVC) the PICC placer will see this 


and be able to adjust the tip into the correct position at the time of placement.  


The Sherlock interface also simultaneously displays real-time ECG waveforms 


received from the patient’s skin (baseline) and from the tip of the catheter 


(intravascular). Intravascular ECG is acquired from a column of saline injected 
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into the PICC by the placer. Through observation of the displayed ECG P-


wave, a clinician can determine the PICC tip location as it travels through the 


SVC, right atrial junction and right atrium – relative to the sino-atrial node from 


which ECG signals originate. Royal College of Nursing guidelines for infusion 


therapy (2010) recommend that the distal tip of a PICC should be in the lower 


third of the SVC. In patients with a distinct P-wave, the P-wave will increase in 


amplitude as the catheter approaches the top of the cavo-atrial junction (CAJ). 


A maximum P-wave height is recorded at the entrance of the atrium (close to 


the crista terminalis, at the CVJ. If the PICC is retracted, a gradual reduction 


of the P-wave height is obtained until the height is approximately half of the 


maximum P-wave height. This means that that tip is in the lower third of the 


SVC, just above the CAJ. If the catheter is retracted further, the P-wave 


reaches ‘normal’ dimensions and becomes similar to that shown by the 


baseline ECG and indicates the PICC is in the upper part of the SVC.  


However, if the PICC is advanced beyond the maximum P-wave height, the P-


wave will decrease in amplitude and may be biphasic or inverted indicating 


that the PICC has entered the right atrium. 


3 Clinical context  


3.1 Provide a brief overview of the disease or condition for which the 


technology is being considered in the scope issued by NICE. 


 


Sherlock 3CG TCS is indicated for use on any adult patient who requires a 


PICC and is not specific to any disease or condition. Limiting but not 


contraindicated situations for Sherlock 3CG TCS is in patients where 


alterations of cardiac rhythm change the presentation of the P-wave, as in 


atrial fibrillation, atrial flutter, severe tachycardia, and pacemaker driven 


rhythm. In such patients, who are usually identifiable prior to PICC insertion, 


the use of the Sherlock tip location sensor will track the PICC into the correct 


position but an additional method is required to confirm PICC tip placement.   


PICCs are used in a variety of clinical scenarios and there is no single source 


for the average annual number of insertions. A review conducted in 1994, and 
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quoted by NICE, (NICE technology appraisals 49: The Use of Ultrasound 


Locating Devices for Placing Central Venous Catheters, September 2002. 


London, NICE) estimated that there were more than 200,000 central venous 


catheters (including PICCs) inserted in the UK annually. The figure quoted in 


this review does not exclusively refer to PICCs and include other types of 


central venous access devices used for a variety of indications and diseases. 


A report evaluating the state of the vascular access device market, indicates 


that in the UK, PICC sales for 2013 were approximately 74, 490 (iData, 2014). 


The report estimates that by 2020, PICC sales in the UK will have risen by 


74% to approximately 129,198. 


Indwelling times for PICCs can range from a few days to over a year, but on 


average PICCs tend to be in situ for periods of one week to three months, with 


the most frequent indwelling time being three weeks (iData Research Inc, 


June 2014).   PICCs have a wide range of applications and are commonly 


used for: 


1. Intravenous access for drugs and fluids 


 Infusion of irritant drugs—for example, chemotherapy 


 Total parenteral nutrition 


 Long term administration of drugs such as antibiotics 


2. Monitoring or interventions 


 Central venous pressure 


 Repeated blood sampling 


 Where there is poor peripheral access. 
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3.2 Give details of any relevant NICE or other national guidance or 


expert guidelines for the condition for which the technology is being 


used. Specify whether the guidance identifies specific subgroups 


and make any recommendations for their treatment. If available, 


these should be UK based guidelines. 


NICE technology appraisal [TA49], published in September 2002 is relevant 


for the condition for which Sherlock 3CG TCS is being used. This guidance 


recommends using two-dimensional imaging ultrasound guidance as the 


preferred method for insertion of central venous catheters (CVCs) into the 


internal jugular vein (IJV) in adults and children in elective situations. CVCs 


include PICCs. NICE recommends using 2-D imaging ultrasound guidance in 


most clinical circumstances where CVC insertion is necessary either electively 


or in an emergency situation. The guidance does not identify any specific 


subgroups. Sherlock 3CG TCS is used in conjunction with 2-D imaging 


ultrasound. The ultrasound is used to introduce the PICC into the patient’s 


vasculature and then the Sherlock 3CG TCS is used to position the PICC and 


confirm the tip placement.  


3.3 Describe the clinical pathway of care that includes the proposed 


use of the technology.  


In current NHS clinical practice, PICCs are inserted in a wide range of clinical 


settings by a diverse group of clinicians including interventional radiologists, 


anaesthetists, general physicians, nurse specialists and intensivists.  The 


range of settings in which PICCs are inserted includes operating theatres, 


emergency rooms, haematology, oncology, orthopaedic and other wards, 


radiology departments, Intensive Therapy / High Dependency Units and 


outpatient clinics. Current local NHS practice guidelines and policies 


determine that a chest x-ray must be performed before the PICC line can be 


used. Once the chest X-ray is performed, the guidelines state that no PICC 


line should be used, unless the X-ray has been checked and documented in 


the medical notes to confirm that the line is in the correct position for use. In 


some clinical settings, PICCs are placed in the interventional radiology suite 
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using fluoroscopy. Also, some patients may be referred to interventional 


radiology where a PICC cannot be repositioned at the bedside. 


3.4 Describe any issues relating to current clinical practice, including 


any uncertainty about best practice. 


3.5 Describe the new pathway of care incorporating the new 


technology that would exist if the technology was adopted by the 


NHS in England.  


The new pathway of care will involve placing Sherlock 3CG TCS at the 


bedside in all cases where Sherlock 3CG TCS is indicated. Bedside 


placement could be in an inpatient, ward setting or in an outpatient setting. 


Using Sherlock 3CG negates the need for chest X-rays and fluoroscopy for tip 


confirmation post PICC insertion. Tip location will be confirmed by the PICC 


placer at the site of insertion and intravenous therapy can begin immediately 


following PICC insertion without the delays associated with waiting for a 


confirmatory chest x-ray.  


Sherlock 3CG TCS will replace chest x-ray confirmation for the majority of 


patients (>90%) requiring a PICC for venous access therapy, however, 


Sherlock 3CG TCS will be used alongside chest X-ray for patients for whom 


it's use for tip location confirmation is limited (<10%) in patients.  


Furthermore, by negating the need for radiological confirmation, PICCs could 


potentially be placed in community settings, reducing in-patient bed 


occupancy to start initial treatment through a PICC or used in patients for 


whom a confirmatory X-ray is contra-indicated e.g. during pregnancy.   


 


3.6 Describe any changes to the way current services are organised or 


delivered as a result of introducing the technology.  


In places where PICCs are placed in costly radiology suites, PICC placement 


could be moved to cheaper outpatient department 
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3.7 Describe any additional tests or investigations needed for selecting 


or monitoring patients, or particular administration requirements, 


associated with using this technology that are over and above 


usual clinical practice. 


None 


3.8 Describe any additional facilities, technologies or infrastructure that 


need to be used alongside the technology under evaluation for the 


claimed benefits to be realised. 


None 


3.9 Describe any tests, investigations, interventions, facilities or 


technologies that would no longer be needed with using this 


technology. 


X-ray and fluoroscopy would be reduced significantly and will still be used in a 


small proportion of patients for whom Sherlock 3CG TCS is not indicated.  


3.10 Describe how the NHS in England can disinvest from tests, 


investigations, interventions, facilities or technologies described in 


section 3.9 that would no longer be needed with using this 


technology. 


No disinvestment would be necessary as x-ray and fluoroscopy will still be 


required for other clinical uses. 


4 Regulatory information  


Provide PDF copies of the following documents: 


 instructions for use 


 CE mark certificate or equivalent UK regulatory approval such as 


EC declaration of conformity 


 quality systems (ISO 13485) certificate (if required). 
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4.1 Does the technology have CE mark for the indication(s) specified in 


the scope issued by NICE? If so, give the date that authorisation 


was received. If not, state current UK regulatory status, with 


relevant dates (for example, date of application and/or expected 


approval dates).  


The Sherlock 3CG TCS is classified as Class I, per Annex IX Rule 12. The 


Sherlock 3CG TCS is used together with the PowerPICC SOLO catheter with 


the Sherlock 3CG TPS stylet, which is classified as a Class III device under 


Rule 8 in accordance with Annex IX of the Medical Devices Directive, 


93/42/EEC. The Sherlock 3CG TCS received CE marking in December 2011 


and this was updated in February 2013. The PowerPICC SOLO catheter with 


the Sherlock 3CG TPS stylet received CE marking in February 2012. The 


Sherlock 3CG TCS was launched in the UK in April 2013. 


4.2 Does the technology have regulatory approval outside the UK? If 


so, please provide details. 


The Sherlock 3CG has approval in the United States from the Food and Drug 


Agency.  


4.3 If the technology has not been launched in the UK provide the 


anticipated date of availability in the UK. 


Sherlock 3CG was launched in the UK in April 2013. 


4.4 If the technology has been launched in the UK provide information 


on the use in England.    


Sherlock 3CG is currently being used at the following clinical sites in the NHS 


in England. 


 Cambridge University Hospitals NHS Foundation Trust (Addenbrooke’s 


Hospital) 


 Frimley Park Hospital NHS Foundation Trust 


 Heart of England NHS Foundation Trust (Good Hope Hospital) 
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 Heart of England NHS Foundation Trust (Heartlands Hospital) 


 King’s College Hospital NHS Foundation Trust (King’s College 


Hospital) 


 Maidstone and Tunbridge Wells NHS Trust (Maidstone Hospital) 


 Medway NHS Foundation Trust (Medway Maritime Hospital) 


 Northampton General Hospital NHS Trust (Northampton General 


Hospital) 


 Oxford University Hospitals NHS Trust (John Radcliffe Hospital) 


 Royal Liverpool and Broadgreen University Hospitals NHS Trust (Royal 


Liverpool) 


 The Royal Marsden NHS Foundation Trust (The Royal Marsden 


Hospital, London site) 


 The Royal Marsden NHS Foundation Trust (The Royal Marsden 


Hospital, Sutton site) 


 University Hospitals Birmingham NHS Foundation Trust (Queen 


Elizabeth Hospital) 


 University Hospitals Bristol NHS Foundation Trust (Bristol Haematology 


and Oncology Centre) 


Other NHS sites (Ireland) using Sherlock are:- 


 Belfast Health and Social Care Trust (Belfast City Hospital, Belfast) 


 Western Health and Social Care Trust (Altnagelvin Area Hospital, 


Derry). 


64% of the NHS England clinical sites named above, (9/14 sites: Royal 


Marsden Surrey; Royal Marsden London; Frimley; Belfast City; Medway 


Maritime, Kings College Oncology, Heartlands and Good Hope) are now using 
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Sherlock 3CG TCS to place and confirm PICCs without x-ray confirmation 


post PICC insertion, for all suitable patients where the use of Sherlock 3CG 


TCS is indicated and one other site is awaiting imminent Trust sign-off to 


eliminate x-ray post PICC insertion (Bristol Oncology).   


 


5 Ongoing studies 


5.1 Provide details of all completed and ongoing studies on the 


technology from which additional evidence relevant to the decision 


problem is likely to be available in the next 12 months. 


A Study to Assess Placement and Confirmation of Peripheral Inserted 


Central Catheters Tip Position Using a New Electrocardiographic 


Method (SHERLOCK 3CG). Centre Leon Berard, France. 


(ClinicalTrials.gov identifier: NCT01969981). 


This is a prospective, single centre, observational study of patients aged 18+ 


requiring a PICC. The purpose of the study is to determine whether Sherlock 


3CG TCS, is an adequate, safe and efficient method for the placement and 


confirmation of the tip of the PICC.  


The study was started in October 2013 with an estimated completion date of 


April 2014 and a target recruitment of 500 patients. The patient's routine care 


will not be modified and only PICC will be assessed in the study. PICC 


placement will be performed using the Site Rite ultrasound guidance and tip 


position will be confirmed using the Sherlock 3CG TCS. Patients won't be 


followed up in the study. 


Inclusion Criteria: 


 18 years-old patient or older 


 Patient requiring PICC placement in the vascular access unit 


 Patient able to read and understand the French language 
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 Patient affiliated with a social security system. 


Exclusion Criteria: 


 Any contraindication to PICC insertion 


 Patient unable to lie in the supine position 


 Patient with a Body Mass Index > 40 


 -Any medical condition that could change the normal presentation of 


the P-wave such as arrhythmia, atrial flutter, pace maker with 


permanent stimulation. 


Intervention: PICC placement with Sherlock 3CG   


Outcomes 


All outcomes will be assessed during the procedure (Day 0). 


Primary Outcome(s)  


 Efficacy of PICC placement using Sherlock 3CG TCS.  


Secondary Outcome(s)   


 Acute complications rates  


 Pain  


 Final radiation rate    


 Number of punctures in brachial site   


 Number of repositions after procedure closed  


 Percentage of patients requiring fluoroscopy  


 Percentage of patients with good placement as confirmed by X-Ray  


 Unique function rate.  
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5.2 If the technology is, or is planned to be, subject to any other form of 


assessment in the UK, please give details of the assessment, 


organisation and expected timescale. 


Sherlock 3CG TCS is not subject to any other form of assessment in the UK. 







Sponsor submission of evidence  29 of 197 


6 Equality  


NICE is committed to promoting equality of opportunity and eliminating 


unlawful discrimination on the grounds of age, disability, gender 


reassignment, race, religion or belief, sex, and sexual orientation, and to 


comply fully with legal obligations on equality and human rights.  


Equality issues require special attention because of NICE’s duties to have due 


regard to the need to eliminate unlawful discrimination, promote equality and 


foster good relations between people with a characteristic protected by the 


equalities legislation and others.  


Any issues relating to equality that are relevant to the technology under 


assessment should be described. This section should identify issues 


described in the scope and also any equality issues not captured in the final 


scope.  


Further details on equality may be found in section 11.3 of this document. 


6.1.1 Describe any equality issues relating to the patient population and 


condition for which the technology is being used. 


Although many patients requiring a PICC would be classed as disabled under 


the Equality Act 2010, there are no equality issues with the use of Sherlock 


3CG TCS. 


6.1.2 Describe any equality issues relating to the assessment of the 


technology that may require special attention.  


There are no equality issues relating to the assessment of Sherlock 3CG 


requiring special attention. 


6.1.3 How will the submission address these issues and any equality 


issues raised in the scope? 


There were no equality issues raised in the scope. 
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Section B – Clinical evidence 


7 Published and unpublished clinical evidence 


Section B requires sponsors to present published and unpublished clinical 


evidence for their technology.  


Sponsors should read section 6 of the Medical Technologies Evaluation 


Programme methods guide on published and unpublished evidence, available 


from www.nice.org.uk/mt  


All statements should be evidence-based and directly relevant to the scope. 


Reasons for deviating from the scope should be clearly stated and explained 


in table A1. 


Sponsors are required to submit section B in advance of the full submission 


(for details on timelines, see the NICE document ‘Guide to the Medical 


Technologies Evaluation Programme process’, available from 


www.nice.org.uk/mt 


7.1 Identification of studies 


Published studies 


7.1.1 Describe the strategies used to retrieve relevant clinical data from 


the published literature. Exact details of the search strategy used 


should be provided in section 10, appendix 1. 


The exact details of the search strategy used to identify relevant clinical data 


from the published literature is presented in Section 8.1, Appendix 1. The 


search strategy aimed to identify all clinical studies of Sherlock 3CG TCS 


used in adults undergoing PICC insertion.  The strategy was structured to 


search for two concepts: peripherally inserted central catheters and Sherlock 


3CG TCS and its comparators (X-ray; fluoroscopy).  


The strategy excluded publication types which were unlikely to yield detailed 


study reports: news, editorials, comments, and letters.  All human studies 


published in full text, abstract, or poster form were eligible for inclusion. All 



http://www.nice.org.uk/mt

http://www.nice.org.uk/mt
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studies were of adult patients aged at least 18 years who underwent insertion 


of a PICC.  The strategy also excluded animal studies as well as studies 


conducted on children because Sherlock 3CG TCS is not indicated for use in 


this age group.  To ensure all relevant studies were identified, a limit was set 


for the publication year, to identify studies published from 2000 onwards, 


although Sherlock 3CG TCS first became available in 2006. The searches 


were conducted in a range of relevant databases of research (documented in 


Section 10, Appendix 1).  The resources searched include databases 


specified as a minimum for the clinical evidence search in section 80.1 of the 


NICE MTEP Sponsor Submission Template, plus additional relevant 


databases of clinical evidence such as clinical trial registers and conference 


abstract sources.  


Searches were conducted in each database or resource listed in Section 


8.1.1. All search results were loaded into the EndNote bibliographic software; 


deduplicated and transferred to Excel for screening and data abstraction.  


Unpublished studies 


7.1.2 Describe the strategies used to retrieve relevant clinical data from 


unpublished sources.  


The following strategies were utilised to obtain unpublished data. 


1). Clinicians in the NHS sites that are using Sherlock 3CG TCS were 


approached to see if they were conducting an internal studies or were 


maintain local registries of PICC use or conducting any clinical audits. 


2). Authors identified from relevant conference oral and poster presentations 


were approached. 


7.2 Study selection  


Published studies 


7.2.1 Complete table B1 to describe the inclusion and exclusion criteria 


used to select studies from the published literature. Suggested 


headings are listed in the table below. Other headings should be 


used if necessary. 
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Table B1 Selection criteria used for published studies 


Inclusion criteria 


Population Adult patients requiring a PICC 


Interventions Sherlock 3CG, X-ray, fluoroscopy 


Outcomes  accuracy of catheter tip placement 


 incidence of catheter malposition 


 need for catheter re-positioning 


 impact of malposition-related complications such as 
infection/thrombosis 


 treatment delay following catheter placement 


 reduced staff time 


 reduced in-hospital stay 


 requirement for confirmatory chest X-ray 


 requirement for fluoroscopy to correctly place the PICC 
tip 


 time taken to insert PICC 


 PICC failure/re-insertion rates 


 patient experience measures 


 quality of life 


 device-related adverse events. 


Study design Randomised controlled studies, observational studies, case 
studies 


Language 
restrictions 


English language articles only 


Search dates 2000 - current 


Exclusion criteria  


Population Children 


Interventions None 


Outcomes None 


Study design None 


Language 
restrictions 


Non-English language 


Search dates None 


 


7.2.2 Report the numbers of published studies included and excluded at 


each stage in an appropriate format. 


 


 







Sponsor submission of evidence  33 of 197 


Figure 1. Prisma Diagram of Included and Excluded studies 


 


Unpublished studies 


7.2.3 Complete table B2 to describe the inclusion and exclusion criteria 


used to select studies from the unpublished literature. Suggested 


headings are listed in the table below. Other headings should be 


used if necessary. 
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Table B2 Selection criteria used for unpublished studies 


Inclusion criteria 


Population Adults requiring a PICC 


Interventions Sherlock 3CG, X-ray, Fluoroscopy 


Outcomes  accuracy of catheter tip placement 


 incidence of catheter malposition 


 need for catheter re-positioning 


 impact of malposition-related complications such as 
infection/thrombosis 


 treatment delay following catheter placement 


 reduced staff time 


 reduced in-hospital stay 


 requirement for confirmatory chest X-ray 


 requirement for fluoroscopy to correctly place the PICC 
tip 


 time taken to insert PICC 


 PICC failure/re-insertion rates 


 patient experience measures 


 quality of life 


 device-related adverse events. 


Study design All study designs 


Language 
restrictions 


English language only 


Search dates All dates 


Exclusion criteria  


Population Children 


Interventions None 


Outcomes None 


Study design News, editorials, comments, and letters 


Language 
restrictions 


Non English language 


Search dates None 


 


7.2.4 Report the numbers of unpublished studies included and excluded 


at each stage in an appropriate format. 


None 
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7.3 Complete list of relevant studies 


The sponsor should provide a PDF copy of all studies included in the 


submission if the sponsor is either the copyright owner or has adequate 


copyright clearance to permit the intended use by NICE. If the sponsor does 


not have sufficient copyright clearance, they are asked to submit references or 


links only, or details of contacts for unpublished studies. For unpublished 


studies for which a manuscript is not available, provide a structured abstract 


about future journal publication. If a structured abstract is not available, the 


sponsor must provide a statement from the authors to verify the data 


provided. 
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7.3.1 Provide details of all published and unpublished studies identified 


using the selection criteria described in tables B1 and B2.  


Table B3 List of relevant published studies 


Primary 
study 
reference 


Study name 


(acronym) 


Population Intervention Comparator 


 


Adams, 2013 The Clinical Efficacy 
of PICC Tip 
Confirmation using 
ECG Tip Locator 
Technology. 


Patients 
requiring PICC 


Sherlock 
3CG TCS 


X-ray 


Barton A, 
2014.  


Evaluation of ECG 
and PICC tip 
location. Is it safe to 
stop using x-ray? 


Adult patients 
requiring  a 
PICC insertion 


Sherlock 
3CG TCS 


X-ray 


Johnston A, 
2014 


Evaluation of PICC 
malposition rates 
and the impact of 
the Sherlock 3CG 
TCS. 


Adult, 
intensive care 
patients 
requiring a 
PICC insertion. 


Sherlock 
3CG TCS 


X-ray 


Kupka, 2011 Changing nursing 
practice and 
improving patient 
care by using ECG 
guidance to 
eliminate post PICC 
insertion radiograph 


Not reported  Not reported X-ray 


Lelkes V, 
2013 


Analysis of the 
Sherlock II tip 
location system for 
inserting 
peripherally inserted 
central venous 
catheters. 


Patients who 
had a PICC 
placed at the 
bedside using 
the Sherlock II 
tip locating 
system. 


Sherlock II X-ray 


Naylor C, 
2007 


Reduction of 
malposition in 
peripherally inserted 
central catheters 
with tip location 
system.  


Patients 
requiring a 
PICC 


Sherlock TLS X-ray 


Oakley C, 
2011. 


PICC journey to 
CAJ by way of 
Sapiens. 


Not reported Sapiens TCS X-ray 


Parikh, 2012 Successful 
Implementation of 
Electrocardiographi
c-Guided PICC 
placement with a 
Nurse Comprised 


Patients with 
PICCs placed 
using Sherlock 
3CG TCS 


Sherlock 
3CG TCS 


X-ray 







Sponsor submission of evidence  37 of 197 


PICC Team 


Pittiruti, 2010 Positioning the tip of 
central venous 
catheters by the 
intracavitary ECG 
method, using a 
new specific device. 


Patients who 
underwent 
positioning of 
central 
vascular 
access 
devices 


Sapiens TLS X-ray 


Pittiruti, 2011 Rapid vein 
assessment before 
central venous 
catheterization: The 
GAVeCeLT 
recommendations.  


Patients with 
atrial 
fibrillation, 
candidate to 
PICC or CVC 
insertion 


Sapiens TLS X-ray 


Shukla, 2012 Efficacy of Sherlock 
II tip location system 
for bedside 
peripherally inserted 
central venous 
catheter 


Patients who 
had bedside 
PICC 
placement 


Sherlock II X-ray 


Smith, 2010 Intravenous 
electrocardiographic 
evidence  


Patients 
undergoing 
PowerPICC 
insertion 


ECG None 


Stewart F, 
2013.  


 


New Australian 
Experience: 
Improvement in 
PICC insertion 
techniques using 
real time tracking 
and ECG for optimal 
PICC tip position 
(without need for 
CXR). 


Patients 
requiring PICC 
insertion. 


Sherlock 
3CG TCS 


X-ray 


Symington K, 
2011 


Sherlock 3CG 
Spokane Trial 


Not reported Sherlock 
3CG TCS 


X-ray 


 


Table B4 List of relevant unpublished studies 


 Data source Study name 


(acronym) 


Population Intervention Comparator 


N/A     
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7.3.2 State the rationale behind excluding any of the published studies 


listed in tables B3 and B4.  


13 relevant studies were identified from the literature search.  9 Studies were 


excluded for the following reasons:- 


 Access to the level of study data needed was not possible. 


 The version of Sherlock reported in the study was a predecessor of 


Sherlock 3CG TCS. 


 Study linked from a clinical trials register but full text does not mention 


explicitly that the device used was Sherlock 3CG TCS.  


 Studies were published with different study names but are the same 


study where one is published as an abstract and then as a full text 


article. 


 


7.4 Summary of methodology of relevant studies 


7.4.1 Describe the study design and methodology for each of the 


published and unpublished studies using tables B5 and B6 as 


appropriate. A separate table should be completed for each study.  


Table B5 Summary of methodology for randomised controlled trials 


No randomised controlled trials were identified. 


Table B6 Summary of methodology for observational studies 


Study name Successful Implementation of 
Electrocardiographic-Guided PICC Placement with 
a Nurse-Comprised PICC Team  


Objective 1).To evaluate Sherlock 3CG TCS in the placement of 
PICCs. 


2). To successfully implement use of the Sherlock 3CG 
to reduce the utilization of chest radiographs for PICC 
positioning. 


Location USA. 


Design  Case Series 


Duration of study October 2011 to April 2012 
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November 2012 to May 2013 


Patient population Inpatients and outpatients attending the Mayo Clinic 
and requiring a PICC. 


The age range of the patients was from 15 to 100 
years, with a mean age of 62.  


Sample size October 2012 – May 2013: 247 PICC lines in 221 
patients. After exclusions, 209 PICCs were evaluated. 


November 2012 – May 2013: 437 PICCs 


Inclusion criteria None reported. 


Exclusion criteria Patients with atrial fibrillation, atrial flutter or lack of an 
identifiable p wave. 


Intervention(s) (n = ) and 
comparator(s) (n = )  


Sherlock 3CG = 209 PICC insertions 


All patients were x-rayed for confirmation of tip position. 


Baseline differences No patient demographics were reported 


How were participants 
followed-up (for 
example, through pro-
active follow-up or 
passively). Duration of 
follow-up, participants 
lost to follow-up  


N/A 


Statistical tests  N/A 


Primary outcomes 
(including scoring 
methods and timings of 
assessments) 


Successful placement of the tip of the PICC into the 
SVC or CAJ. 


Assessment of outcomes was done during the 
procedure or immediately after (Day 0). 


Secondary outcomes 
(including scoring 
methods and timings of 
assessments) 


Reduction in the use of x-ray for PICC confirmation. 


 


Study name The Clinical Efficacy of PICC Tip Confirmation 
Using ECG Tip Locator Technology 


Objective To validate PICC tip location when utilizing Sherlock 
3CG TCS as compared to chest x-ray verification in 
order to eliminate the mandatory use of chest x-ray. 


Location USA 


Design  Case Series 


Duration of study 9 months 


Patient population Adults requiring a PICC insertion 


Sample size 333 patients. 


Inclusion criteria Patients requiring a PICC 


Exclusion criteria Patients with no identifiable p-wave. 
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Intervention(s) (n = ) and 
comparator(s) (n = )  


Sherlock 3CG TCS 


X-ray 


Baseline differences Patient demographics were not described. 


How were participants 
followed-up (for 
example, through pro-
active follow-up or 
passively). Duration of 
follow-up, participants 
lost to follow-up  


N/A 


Statistical tests None reported 


Primary outcomes 
(including scoring 
methods and timings of 
assessments) 


Tip location accuracy.  


Usability of Sherlock 3CG TCS. 


Secondary outcomes 
(including scoring 
methods and timings of 
assessments) 


1). Cost of insertion 


2). Time taken to insert PICC. 


 


 


Study name Evaluation of ECG and PICC Tip Location 
Technology. Is it Safe to Stop Using X-ray? 


Objective Clinical trial of Sherlock 3CG TCS 


Location UK 


Design  Case Series  


Duration of study 3 months (data available for period following initial trial 
period). 


Patient population Not reported 


Sample size 65 patients. (While awaiting approval to stop x-raying; 
an additional 225 PICCs were placed).  


Inclusion criteria All adults requiring a PICC 


Exclusion criteria Patients with atrial fibrillation 


Intervention(s) (n = ) and 
comparator(s) (n = )  


Sherlock 3CG TCS = 65 (A further 225 after the initial 3 
month trial) 


All patients were x-rayed post PICC insertion 


Baseline differences Not reported 


How were participants 
followed-up (for 
example, through pro-
active follow-up or 
passively). Duration of 
follow-up, participants 
lost to follow-up  


N/A 


Statistical tests N/A 
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Primary outcomes 
(including scoring 
methods and timings of 
assessments) 


Number of PICCs appropriately placed in the SVC.  


Secondary outcomes 
(including scoring 
methods and timings of 
assessments) 


None reported 


 


 


Study name A New Australian Experience: Improvement in 
Peripherally Inserted Central Catheter (PICC) 
Insertion Technique Using Real Time Tracking 
Technology & Optimal PICC Tip Position (Without 
the Need for CXR) 


Objective To assess the accuracy and proficiency of 
implementing Sherlock 3CG TCS for PICC insertion. 


Location Australia 


Design  Case Series 


Duration of study November 2012 to March 2013 


Patient population Patients requiring a PICC  


Sample size 65 patients 


Inclusion criteria Not reported 


Exclusion criteria Not reported 


Intervention(s) (n = ) and 
comparator(s) (n = )  


Sherlock 3CG TCS 


Baseline differences Not reported 


How were participants 
followed-up (for 
example, through pro-
active follow-up or 
passively). Duration of 
follow-up, participants 
lost to follow-up  


N/A 


Statistical tests N/A 


Primary outcomes 
(including scoring 
methods and timings of 
assessments) 


Accuracy of PICC insertion 


Secondary outcomes 
(including scoring 
methods and timings of 
assessments) 


Cost savings 


Time saved 
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Study name Analysis of Clinical Audit Data 


Objective To  


Location UK 


Design  Pooled analysis of data gathered from 5 NHS clinical 
sites using Sherlock 3CG TCS 


Duration of study N/A 


Patient population Patients who have a PICC inserted using Sherlock 3CG 
TCS 


Sample size  


Inclusion criteria  


Exclusion criteria  


Intervention(s) (n = ) and 
comparator(s) (n = )  


 


Baseline differences  


How were participants 
followed-up (for 
example, through pro-
active follow-up or 
passively). Duration of 
follow-up, participants 
lost to follow-up  


 


Statistical tests  


Primary outcomes 
(including scoring 
methods and timings of 
assessments) 


 


Secondary outcomes 
(including scoring 
methods and timings of 
assessments) 


 


 


7.4.2 Provide details on data from any single study that have been drawn 


from more than one source (for example a poster and unpublished 


report) and/or when trials are linked this should be made clear (for 


example, an open-label extension to randomised controlled trial). 


N/A 
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7.4.3 Highlight any differences between patient populations and 


methodology in all included studies. 


It is not possible to comment on any differences between the patient 


populations and methodology of the included studies as information on patient 


demographics is not reported in all of the abstracts for the studies and no full 


text articles were available.   


7.4.4 Provide details of any subgroup analyses that were undertaken in 


the studies included in section 7.4.1. Specify the rationale and state 


whether these analyses were pre-planned or post-hoc. 


N/A 


7.4.5 If applicable, provide details of the numbers of patients who were 


eligible to enter the study(s), randomised, and allocated to each 


treatment in an appropriate format. 


N/A 


7.4.6 If applicable provide details of and the rationale for, patients that 


were lost to follow-up or withdrew from the studies.  


N/A 


7.5 Critical appraisal of relevant studies 


7.5.1 Complete a External Assessment Centre. separate quality 


assessment table for each study. A suggested format for the quality 


assessment results is shown in tables B7 and B8.  


Table B7 Critical appraisal of randomised control trials 


No randomised control trials identified. 
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Table B8 Critical appraisal of observational studies 


Study name: Successful Implementation of Electrocardiographic-Guided PICC 
Placement with a Nurse-Comprised PICC Team 


Study question Response 


yes/no/not 
clear/N/A) 


How is the question addressed in the 
study? 


Was the cohort 
recruited in an 
acceptable way? 


Not clear No details of the patient recruitment process 
are reported in the abstract. 


Was the exposure 
accurately 
measured to 
minimise bias? 


Not clear No details of the PICC insertion process were 
reported in the poster abstract. 


Was the outcome 
accurately 
measured to 
minimise bias? 


Not clear  


Have the authors 
identified all 
important 
confounding 
factors? 


N/A  


Have the authors 
taken account of the 
confounding factors 
in the design and/or 
analysis?  


N/A  


Was the follow-up of 
patients complete? 


N/A  


How precise (for 
example, in terms of 
confidence interval 
and p values) are 
the results?  


N/A  


Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence  


12 questions to help you make sense of a cohort study  


 


 


Study name: The Clinical Efficacy of PICC Tip Confirmation Using ECG Tip 
Locator Technology. 


Study question Response 


yes/no/not 
clear/N/A) 


How is the question addressed in the 
study? 


Was the cohort 
recruited in an 
acceptable way? 


Not clear No details of the patient recruitment process 
are reported in the abstract. 


Was the exposure Not clear No details of the PICC insertion process were 
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accurately 
measured to 
minimise bias? 


reported in the poster abstract. 


Was the outcome 
accurately 
measured to 
minimise bias? 


Yes Tip location accuracy -  


For all PICCs that were successfully placed 
using the Sherlock 3CG TCS, a subsequent x-
ray was performed on all patients. 


Usability of Sherlock 3CG TCS – No details 
reported on how this was measured. 


Have the authors 
identified all 
important 
confounding 
factors? 


N/A  


Have the authors 
taken account of the 
confounding factors 
in the design and/or 
analysis?  


N/A  


Was the follow-up of 
patients complete? 


N/A  


How precise (for 
example, in terms of 
confidence interval 
and p values) are 
the results?  


N/A  


Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence  


12 questions to help you make sense of a cohort study  


 


Study name: Evaluation of ECG and PICC Tip Location Technology. Is it Safe to 
Stop Using X-ray? 


Study question Response 


yes/no/not 
clear/N/A) 


How is the question addressed in the 
study? 


Was the cohort 
recruited in an 
acceptable way? 


Yes All adult patients requiring a PICC were 
recruited for the study. The inclusion and 
exclusion criteria are described. 


Was the exposure 
accurately 
measured to 
minimise bias? 


Not clear No details of the PICC insertion process were 
reported in the poster abstract. 


Was the outcome 
accurately 
measured to 
minimise bias? 


Not clear The abstract does not report explicitly state 
how PICC position accuracy was measured.  


Have the authors 
identified all 
important 
confounding 


N/A  
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factors? 


Have the authors 
taken account of the 
confounding factors 
in the design and/or 
analysis?  


N/A  


Was the follow-up of 
patients complete? 


N/A  


How precise (for 
example, in terms of 
confidence interval 
and p values) are 
the results?  


  


Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence  


12 questions to help you make sense of a cohort study  


 


Study name: A New Australian Experience: Improvement in Peripherally 
Inserted Central Catheter (PICC) Insertion Technique Using Real Time Tracking 
Technology & Optimal PICC Tip Position (Without the Need for CXR) 


Study question Response 


yes/no/not 
clear/N/A) 


How is the question addressed in the 
study? 


Was the cohort 
recruited in an 
acceptable way? 


Not clear  No details of the patient recruitment process 
are reported in the abstract. 


Was the exposure 
accurately 
measured to 
minimise bias? 


 All PICCs were inserted as per hospital and 
manufacturer guidelines and Sherlock 3CG 
TCS was used to track the PICC using real 
time navigation and position the catheter tip at 
the CAJ using ECG technology.  


Was the outcome 
accurately 
measured to 
minimise bias? 


 Tip position accuracy - When a max P wave 
was achieved the PICC was secured and the 
tip confirmed using CXR. 


 


 


Have the authors 
identified all 
important 
confounding 
factors? 


N/A  


Have the authors 
taken account of the 
confounding factors 
in the design and/or 
analysis?  


N/A  


Was the follow-up of 
patients complete? 


N/A  


How precise (for 
example, in terms of 
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confidence interval 
and p values) are 
the results?  


Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence  


12 questions to help you make sense of a cohort study  


 


7.6 Results of the relevant studies  


 


7.6.1 Complete a results table for each study with all relevant outcome 


measures pertinent to the decision problem. A suggested format is 


given in table B9.  


Table B9 Outcomes from published and unpublished studies 


Study name Successful Implementation of 
Electrocardiographic-Guided PICC Placement 
with a Nurse-Comprised PICC Team 


Size of study 
groups 


Treatment 437 


Control N/A 


Study 
duration 


Time unit Phase 1- 6 months  


Phase 2 – 6 months 


Type of 
analysis 


Intention-to 
-treat/per 
protocol 


 N/A 


 Outcome Name N/A 


Unit N/A 


Effect size Value  N/A 


95% CI  N/A 


Statistical 
test 


  


Type  N/A 


p value  N/A 


Other 
outcome 


Name N/A 


Unit  


Effect size Value N/A 


95% CI N/A 


Statistical 
test 


  


Type N/A 


p value N/A 


Comments Phase I – 83% of PICC tips were placed in the SVC 
or CAJ. 


Phase II – 96% of PICC tips were placed in the 
SVC or CAJ. 
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Study name The Clinical Efficacy of PICC Tip Confirmation 
Using ECG Tip Locator Technology 


Size of study 
groups 


Treatment  333 


Control  N/A 


Study 
duration 


Time unit  9 months 


Type of 
analysis 


Intention-to 
-treat/per 
protocol 


 N/A 


 Outcome Name   


Unit   


Effect size Value  N/A 


95% CI  N/A 


Statistical 
test 


  


Type  N/A 


p value  N/A 


Other 
outcome 


Name N/A 


Unit  


Effect size Value N/A 


95% CI N/A 


Statistical 
test 


  


Type N/A 


p value N/A 


Comments Usability of Sherlock 3CG TCS – The device was 
utilized in 83.5% of patients. Sherlock could not be 
used on 13.5% of patients due to abnormal p-
waves, loose connections or poor lead placement.  


Accuracy of Sherlock 3CG TCS = 98.2% of PICC 
placements. 


Malposition rate = 1.8%. 


Time to infusion: PICC verified by x-ray = 101 
minutes compared to 39.5 minutes with Sherlock 
3CG TCS.  
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Study name Evaluation of ECG and PICC Tip Location 
Technology. Is it Safe to Stop Using X-ray? 


Size of study 
groups 


Treatment  65 (225 post evaluation completion) 


Control  N/A 


Study 
duration 


Time unit  3 months 


Type of 
analysis 


Intention-to 
-treat/per 
protocol 


 N/A 


 Outcome Name  N/A 


Unit  N/A 


Effect size Value  N/A 


95% CI  N/A 


Statistical 
test 


  


Type  N/A 


p value  N/A 


Other 
outcome 


Name N/A 


Unit  


Effect size Value N/A 


95% CI N/A 


Statistical 
test 


  


Type N/A 


p value N/A 


Comments 100% of all PICC insertions were appropriately 
placed in the SVC. 
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Study name A New Australian Experience: Improvement in 
Peripherally Inserted Central Catheter (PICC) 
Insertion Technique Using Real Time Tracking 
Technology & Optimal PICC Tip Position 
(Without the Need for CXR) 


Size of study 
groups 


Treatment 160  


Control  N/A 


Study 
duration 


Time unit   


Type of 
analysis 


Intention-to 
-treat/per 
protocol 


 N/A 


 Outcome Name  N/A 


Unit  N/A 


Effect size Value  N/A 


95% CI  N/A 


Statistical 
test 


  


Type  N/A 


p value  N/A 


Other 
outcome 


Name N/A 


Unit  


Effect size Value N/A 


95% CI N/A 


Statistical 
test 


  


Type N/A 


p value N/A 


Comments  1hr 51min average wait time for x-ray removed per 
PICC insertion. 


96% of ECG guided placements were successfully 
position within the CAJ with maximum P wave 
achieved. 4% of tips were reported to be in the 
Right Atrium. 


 


 


7.6.2 Justify the inclusion of outcomes in table B9 from any analyses 


other than intention-to-treat.  


7.7 Adverse events 


In section 7.7 the sponsor is required to provide information on the adverse 


events experienced with the technology being evaluated in relation to the 


scope.  
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For example, post-marketing surveillance data may demonstrate that the 


technology shows a relative lack of adverse events commonly associated with 


the comparator.  


7.7.1 Using the previous instructions in sections 7.1 to 7.6, provide 


details of the identification of studies on adverse events, study 


selection, study methodologies, critical appraisal and results.  


The exact details of the search strategy used to identify relevant clinical data 


from the published literature is presented in Section 8.2, Appendix 2. The 


search strategy aimed to identify all clinical studies of Sherlock 3CG TCS 


used in adults undergoing PICC insertion.  The strategy was structured to 


search for three concepts: peripherally inserted central catheters, Sherlock 


3CG TCS and its comparators (X-ray; fluoroscopy) and adverse effects.  


The strategy excluded publication types which were unlikely to yield detailed 


study reports: news, editorials, comments, and letters.  All human studies 


published in full text, abstract, or poster form were eligible for inclusion. All 


studies were of adult patients aged at least 18 years who underwent insertion 


of a PICC.  The strategy also excluded animal studies as well as studies 


conducted on children because Sherlock 3CG TCS is not indicated for use in 


this age group.  To ensure all relevant studies were identified, a limit was set 


for the publication year, to identify studies published from 2000 onwards, 


although Sherlock 3CG TCS first became available in 2006. The searches 


were conducted in a range of relevant databases of research (documented in 


Section 10, Appendix 1).  The resources searched include databases 


specified as a minimum for the clinical evidence search in section 8.1 of the 


NICE MTEP Sponsor Submission Template, plus additional relevant 


databases of clinical evidence such as clinical trial registers and conference 


abstract sources.  


Searches were conducted in each database or resource listed in Section 8.2. 


All search results were loaded into the EndNote bibliographic software; 


deduplicated and transferred to Excel for screening and data abstraction.  
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7.7.2 Provide details of all important adverse events reported for each 


study. A suggested format is shown in table B10. 


No adverse events were reported in any studies 


Table B10 Adverse events across patient groups 


 Time period 1 Time period 2 etc. 


Intervention 
% of 
patients 


(n = x) 


Comparator 
% of 
patients 
(n = x) 


Relative 
risk 
(95% CI)  


Intervention 
% of 
patients 


(n = x) 


Comparator 
% of 
patients 
(n = x) 


Relative 
risk 
(95% CI)  


Class 1 (for example, nervous system disorders) 


Adverse event 1       


Adverse event 2       


Class 2 (for example, vascular disorders) 


Adverse event 3       


Adverse event 4       


CI, confidence interval 


Adapted from European Public Assessment Reports published by the European Medicines Agency 


 


7.7.3 Describe all adverse events and outcomes associated with the 


technology in national regulatory databases such as those 


maintained by the MHRA and FDA (Maude).  


No adverse events and outcomes were reported in the MHRA database.  


A search of Sherlock 3CG or Sapiens on FDA (Maude) retrieved 51 records. 


The incidents reported are not necessarily device-related complications or 


adverse events but rather are technical issues related to the device. 


 


 


7.7.4 Provide a brief overview of the safety of the technology in relation 


to the scope.  


Sherlock 3CG TCS provides a safe method for PICC tip placement and 


confirmation. 
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7.8 Evidence synthesis and meta-analysis 


When more than one study is available and the methodology is comparable, a 


meta-analysis should be considered.  


Section 7.8 should be read in conjunction with the ‘Medical Technologies 


Evaluation Programme Methods Guide’, available from www.nice.org.uk/mt  


 


 


 


7.8.1 Describe the technique used for evidence synthesis and/or meta-


analysis. Include a rationale for the studies selected, details of the 


methodology used and the results of the analysis. 


 Direct comparison of studies is not appropriate. 


7.8.2 If evidence synthesis is not considered appropriate, give a rationale 


and provide a qualitative review. The review should summarise the 


overall results of the individual studies with reference to their critical 


appraisal.  


All the studies that were identified as relevant for inclusion were clinical case 


series of evaluations of the accuracy of Sherlock 3CG TCS. None of the 


studies employed statistical tests to evaluate outcomes and as such it is not 


appropriate to combine the data from these multiple sources of data. In 


addition, all the studies were abstracts or poster presentations for which no 


full text was available. The absence of the full text of the studies together with 


the study designs (clinical evaluations of Sherlock 3CG TCS) are factors that 


present limitations in critically appraising the studies and objectively assessing 


the quality and robustness of the studies.   


Data from the included studies shows that the accuracy of Sherlock 3CG TCS 


in determining the tip location ranged from 83% in the study conducted by 


Parikh (2012) and 100% in the study by Barton (2014). Studies by Stewart 


(2014) and Adams (2013) reported accuracy as 96% and 98.2% respectively. 


The study by Parikh (2012) was conducted in two phases: Phase I and Phase 



http://www.nice.org.uk/mt
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II. The accuracy of Sherlock in Phase I was reported as unsatisfactory at 83% 


but this increased to 96% in Phase II. Parikh (2012) highlight how the lack of 


adequate training of PICC placers may have contributed to the unsatisfactory 


results seen in Phase I and with increased training accuracy improved.  


Consequently, malposition rates of Sherlock 3CG TCS ranged between 17 


and 0%. 


The studies by Stewart (2013) and Adams (2013) also attempted to determine 


the time savings of using Sherlock 3CG TCS to confirm PICC tip placement 


compared to using x-ray for confirmation.  Adams (2013) report that by using 


Sherlock 3CG TCS, a time saving of 61 minutes is made compared to waiting 


for an x-ray procedure and radiologist report to verify the x-ray. Stewart (2013) 


reports this time saving as 111 minutes.  


Sherlock 3CG TCS is not indicated for use in patients without an identifiable 


p-wave. In their study, Adams (2013) report that Sherlock 3CG TCS was not 


used in approximately 18% of patients. This figure included patients with an 


abnormal p-wave, loose connections and poor ECG lead placement.  


7.9 Interpretation of clinical evidence  


 


7.9.1 Provide a statement of principal findings from the clinical evidence 


highlighting the clinical benefit and any risks relating to adverse 


events from the technology.  


The principal findings of the studies indicate that Sherlock 3CG TCS is an 


accurate method of placing PICCs and confirming the final tip position of the 


PICC and it is time saving when compared to tip confirmation with x-ray. The 


results also indicate that Sherlock 3CG TCS is safe to use and is not 


associated with any adverse effects or complications.  


The results of the studies demonstrate that Sherlock 3CG TCS provides 


clinical benefit by reducing the incidence of PICC malpositions and 


subsequent repositioning; eliminates the need for post insertion x-ray which 
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results in a shortened care pathway and reduction in staff requirements for 


PICC tip confirmation.  


7.9.2 Provide a summary of the strengths and limitations of the clinical-


evidence base of the technology.  


Strengths 


The studies were conducted in a ‘real-life’, non-controlled environment and as 


such the results provide an insight into the use of Sherlock 3CG TCS in a 


normal clinical setting.  


Limitations 


As no full text papers were available, conducting a meaningful quality 


assessment and critique of the studies was not possible. 


The design of the studies is considered as low-level evidence which can be 


influenced by bias and in some cases relies on the availability and accuracy of 


data records.  


7.9.3 Provide a brief statement on the relevance of the evidence base to 


the scope. This should focus on the claimed patient- and system-


benefits described in the scope. 


The evidence presented is relevant to the scope prepared by NICE. With the 


exception of data on reductions in hospital stay and patient experience, the 


results of the clinical studies supports the claims made in the scope.  


7.9.4 Identify any factors that may influence the external validity of study 


results to patients in routine clinical practice.  


None 


7.9.5 Based on external validity factors identified in 7.9.4 describe any 


criteria that would be used in clinical practice to select patients for 


whom the technology would be suitable. 


N/A 
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Section C – Economic evidence 


Section C requires sponsors to present economic evidence for their 


technology.  


All statements should be evidence-based and directly relevant to the decision 


problem. 


The approach to the de novo cost analysis expected to be appropriate for 


most technologies is cost-consequence analysis. Sponsors should read 


section 7 of the Medical Technologies Evaluation Programme Methods guide 


on cost-consequences analysis, available from www.nice.org.uk/mt 


Sponsors are requested to submit section C with the full submission. For 


details on timelines, see the NICE document ‘Guide to the Medical 


Technologies Evaluation Programme process’, available from 


www.nice.org.uk/mt 


8 Existing economic evaluations  


8.1 Identification of studies 


The review of the economic evidence should be systematic and transparent 


and a suitable instrument for reporting such as the PRISMA statement 


(www.prisma-statement.org/statement.htm). 


A PDF copy of all included studies should be provided by the sponsor.  


8.1.1 Describe the strategies used to retrieve relevant health economics 


studies from the published literature and to identify all unpublished 


data. The search strategy used should be provided as in section 


10, appendix 3. 


The literature search was designed to identify cost and cost-effectiveness studies of 


Sherlock 3CG TCS used in adults undergoing PICC insertion.  The strategy was 


developed for MEDLINE (Ovid interface). The strategy was structured to search for 


three concepts:  



http://www.nice.org.uk/mt

http://www.nice.org.uk/mt

http://www.prisma-statement.org/statement.htm
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• Peripherally inserted central catheters  


• Sherlock 3CG TCS  


• Economic evaluations  


The search strategy was devised using a combination of subject indexing terms and 


free text search terms in the title, abstract and keyword heading word fields.  The 


search terms were identified through discussion between the research team, by 


scanning background literature, and by browsing database thesauri.   The Sherlock 


3CG TCS concept was captured by text words and subject headings to denote 


electrocardiography, magnetics and real-time tip positioning, as these are features of 


the technology. The device name was also searched on.   The search terms for 


economic evaluations are based on the filter developed and used by the University of 


York Centre for Reviews and Dissemination to identify studies for inclusion in the 


NHS Economic Evaluation Database (NHS EED).  


The strategy excluded publication types which were unlikely to yield detailed study 


reports: news, comments, and editorials.  The strategy also excluded animal studies.  


Searches were limited to studies published in English from 2000 to date. 2000 was 


identified by the research team as an appropriate date cut off point as the technology 


was launched in 2006. 


The MEDLINE strategy was translated appropriately for other databases.  The 


search was conducted in a range of relevant databases of published and 


unpublished research.  The resources included those databases specified as a 


minimum for the economic evidence search in section 10.3 of the NICE MTEP 


Sponsor Submission Template, plus the Health Technology Assessment Database, 


and additional relevant databases of economic evaluations (Health Economic 


Evaluations Database and Cost-Effectiveness Analysis Registry). 


Additional methods used to identify ongoing and recently completed research 


included searching trial registers, searching the websites of key conferences to 


identify conference abstracts for the last 3 years, searching the websites of relevant 


organisations and searching Google. 


Searching a number of databases produces a degree of duplication in the results.  To 


manage this issue, the titles and abstracts of bibliographic records were downloaded 


and imported into EndNote bibliographic management software and duplicate 
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records were removed using several algorithms. For records where efficient 


importing into EndNote was not possible, results were downloaded into a Word 


document. 


The searches identified 1451 records. Following deduplication 1184 records were 


assessed for relevance. 


The full search strategies for all search sources (including search dates and result 


numbers) are included in Appendix 3/Section 10.3. 


8.1.2 Describe the inclusion and exclusion criteria used to select studies 


from the published and unpublished literature. Suggested headings 


are listed in the table below. Other headings should be used if 


necessary.  


Table C1 Selection criteria used for health economic studies 


Inclusion criteria 


Population Adult patient undergoing PICC insertion 


Interventions Sherlock 3CG Tip Confirmation System  


Outcomes Any 


Study design All types of economic evaluations and cost studies including cost 
analyses and cost-effectiveness and budget-impact analyses. 


Language 
restrictions 


English 


Search dates 2000 - present 


Exclusion criteria 


Population  Children 


Interventions None 


Outcomes None 


Study design Animal studies 


Language 
restrictions 


Non-English 


Search dates Pre-2000 


 


8.1.3 Report the numbers of published studies included and excluded at 


each stage in an appropriate format. 


The numbers of studies included and excluded at each stage of the health economic 


study review are shown in Figure C1. 
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Figure C1 PRISMA flow diagram of health economic studies 
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Additional records identified 
through other sources 


(n = 287) 


Records after duplicates removed 
(n =1184) 


Records screened 
(n =1184) 


Records excluded 
(n =1171) 


Full-text articles assessed 
for eligibility 


(n =13) 


Full-text articles excluded, with 
reasons 
(n =11):  


(n=6): Not a health economic 
study (Girgenti et al., 2014; 
Centre Leon Berard, 2013; 


CADTH, 2012; Pitturuti et al., 
2011; Pittiruti et al., 2008; 


Naylor, 2007); 
(n=3): No PICC placement with 


Sherlock/ECG (Calvert at al., 
2004; Lamperti et al., 2012; 
Angiodynamics, Inc., 2013); 
 (n=2): trial with no results 


available (C.R. Bard, 2011; C.R. 
Bard, 2008) 


Studies included in 
qualitative synthesis 


(n =2) 


Studies included in 
quantitative synthesis 


(meta-analysis) 
(n =0 ) 
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8.2 Description of identified studies 


8.2.1 Provide a brief review of each study, stating the methods, results and relevance to the scope. A suggested format is 


provided in table C2. 


Two health economic studies were identified which are summarised in Table C2. 


Table C2 Summary list of all evaluations involving costs 


Study 
name 
(year) 


Location 
of study 


Summary of 
model and 
comparators 


Patient 
population (key 
characteristics, 
average age) 


Costs (intervention and 
comparator) 


Patient outcomes 
(clinical outcomes, 
utilities, life 
expectancy, time to 
recurrence) 


Results (annual cost 
savings, annual 
savings per patient, 
incremental cost per 
QALY) 


Adams,  
(2013) 


USA Simple cost 
comparison 
between ECG 
tip location and 
blind insertion 
with chest X-ray 
verification 


Adults requiring 
PICC insertion. No 
other information 
reported. 


Cost of insertion with ECG = 
$273 


Cost of insertion with X-ray = 
$350 


Further cost savings 
generated by lower 
malposition rate (and 
therefore malposition costs) 


 


Not reported Total cost saving/PICC 
with ECG = $82.57 


 


Stewart 
(2013) 


Australia Simple cost 
comparison 
between ECG 
tip location and 
blind insertion 
with chest X-ray 
verification 


Adults requiring 
PICC insertion. No 
other information 
reported. 


Cost of insertion with ECG 
(per 800 PICC insertions) = 
(AUS)$168,000 


Cost of insertion with X-ray 
(per 800 PICC insertions) = 
(AUS)$482,400 


Not reported Total cost saving with 
ECG (per 800 PICC 
insertions) = 
(AUS)$314,400 
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8.2.2 Provide a complete quality assessment for each health economic 


study identified. A suggested format is shown in table C3. 


Two health economic studies were identified; both are quality assessed in Table C3.  


Both studies are low quality cost-comparison studies based outside of the UK.  


Therefore they are of limited relevance and have methodological limitations which 


negate their use in answering the current decision problem.   


Table C3 Quality assessment of health economic studies 


Study name: The Clinical Efficacy of PICC Tip Confirmation Using ECG Tip Locator 
Technology (Adams, 2013) 


Study design Cost comparison study 


Study question Respon
se 
(yes/no/
not 
clear/N/
A) 


Comments 


1. Was the research question stated?  Yes  


2. Was the economic importance of the 
research question stated?  


Yes  


3. Was/were the viewpoint(s) of the 
analysis clearly stated and justified?  


Not 
clear 


Appears to be medical centre at 
which authors are based 


4. Was a rationale reported for the 
choice of the alternative programmes or 
interventions compared?  


Yes  


5. Were the alternatives being compared 
clearly described?  


Yes  


6. Was the form of economic evaluation 
stated?  


Yes  


7. Was the choice of form of economic 
evaluation justified in relation to the 
questions addressed? 


Yes  


8. Was/were the source(s) of 
effectiveness estimates used stated?  


Yes  


9. Were details of the design and results 
of the effectiveness study given (if 
based on a single study)?  


Not 
clear 


The results of the effectiveness 
study were provided, but there is 
little detail relating to the study 
design 


10. Were details of the methods of 
synthesis or meta-analysis of estimates 
given (if based on an overview of a 
number of effectiveness studies)?  


N/A  


11. Were the primary outcome 
measure(s) for the economic evaluation 
clearly stated?  


Yes  


12. Were the methods used to value 
health states and other benefits stated?  


N/A  


13. Were the details of the subjects from 
whom valuations were obtained given?  


N/A  
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14. Were productivity changes (if 
included) reported separately?  


N/A  


15. Was the relevance of productivity 
changes to the study question 
discussed?  


N/A  


16. Were quantities of resources 
reported separately from their unit cost?  


No  


17. Were the methods for the estimation 
of quantities and unit costs described?  


No  


18. Were currency and price data 
recorded?  


No  


19. Were details of price adjustments for 
inflation or currency conversion given?  


No  


20. Were details of any model used 
given?  


N/A  


21. Was there a justification for the 
choice of model used and the key 
parameters on which it was based?  


No  


22. Was the time horizon of cost and 
benefits stated?  


No  


23. Was the discount rate stated?  No  


24. Was the choice of rate justified?  No  


25. Was an explanation given if cost or 
benefits were not discounted?  


No  


26. Were the details of statistical test(s) 
and confidence intervals given for 
stochastic data?  


No  


27. Was the approach to sensitivity 
analysis described?  


N/A No sensitivity analysis was 
undertaken 


28. Was the choice of variables for 
sensitivity analysis justified?  


N/A  


29. Were the ranges over which the 
parameters were varied stated?  


N/A  


30. Were relevant alternatives 
compared? (That is, were appropriate 
comparisons made when conducting 
the incremental analysis?)  


Yes  


31. Was an incremental analysis 
reported?  


Yes  


32. Were major outcomes presented in a 
disaggregated as well as aggregated 
form?  


No Cost of PICC insertion was 
disaggregated, but malposition 
costs were not 


33. Was the answer to the study 
question given?  


Yes  


34. Did conclusions follow from the data 
reported?  


Yes  


35. Were conclusions accompanied by 
the appropriate caveats?  


No  


36. Were generalisability issues 
addressed?  


No  


Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic 
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical Journal 313 (7052): 275–83. 
Cited in Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s guidance for undertaking reviews 
in health care. York: Centre for Reviews and Dissemination 
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Study name: A New Australian Experience: Improvement in Peripherally Inserted 
Central Catheter (PICC) Insertion Technique Using Real Time Tracking Technology & 
Optimal PICC Tip Position (Without the Need for CXR) (Stewart, 2013) 


Study design Cost comparison study 


Study question Response 
(yes/no/not 
clear/N/A) 


Comments 


1. Was the research question 
stated?  


Yes  


2. Was the economic importance 
of the research question stated?  


Yes  


3. Was/were the viewpoint(s) of 
the analysis clearly stated and 
justified?  


Not clear  


4. Was a rationale reported for 
the choice of the alternative 
programmes or interventions 
compared?  


Yes  


5. Were the alternatives being 
compared clearly described?  


Yes  


6. Was the form of economic 
evaluation stated?  


Not clear  


7. Was the choice of form of 
economic evaluation justified in 
relation to the questions 
addressed? 


Yes  


8. Was/were the source(s) of 
effectiveness estimates used 
stated?  


Not clear Assumptions appear to have been used 
to inform radiologist time, proportion of 
patients requiring second X-ray, 
additional nurse time and additional 
time spent in hospital 


9. Were details of the design and 
results of the effectiveness study 
given (if based on a single 
study)?  


No It is assumed that placement with ECG 
is 100% effective 


10. Were details of the methods 
of synthesis or meta-analysis of 
estimates given (if based on an 
overview of a number of 
effectiveness studies)?  


N/A  


11. Were the primary outcome 
measure(s) for the economic 
evaluation clearly stated?  


Yes  


12. Were the methods used to 
value health states and other 
benefits stated?  


N/A  


13. Were the details of the 
subjects from whom valuations 
were obtained given?  


N/A  


14. Were productivity changes (if 
included) reported separately?  


N/A  


15. Was the relevance of 
productivity changes to the 
study question discussed?  


N/A  
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16. Were quantities of resources 
reported separately from their 
unit cost?  


No  


17. Were the methods for the 
estimation of quantities and unit 
costs described?  


No  


18. Were currency and price data 
recorded?  


No  


19. Were details of price 
adjustments for inflation or 
currency conversion given?  


No  


20. Were details of any model 
used given?  


N/A  


21. Was there a justification for 
the choice of model used and the 
key parameters on which it was 
based?  


No  


22. Was the time horizon of cost 
and benefits stated?  


No  


23. Was the discount rate 
stated?  


No  


24. Was the choice of rate 
justified?  


No  


25. Was an explanation given if 
cost or benefits were not 
discounted?  


No  


26. Were the details of statistical 
test(s) and confidence intervals 
given for stochastic data?  


No  


27. Was the approach to 
sensitivity analysis described?  


N/A No sensitivity analysis was undertaken 


28. Was the choice of variables 
for sensitivity analysis justified?  


N/A  


29. Were the ranges over which 
the parameters were varied 
stated?  


N/A  


30. Were relevant alternatives 
compared? (That is, were 
appropriate comparisons made 
when conducting the 
incremental analysis?)  


Yes  


31. Was an incremental analysis 
reported?  


Yes  


32. Were major outcomes 
presented in a disaggregated as 
well as aggregated form?  


Yes  


33. Was the answer to the study 
question given?  


Yes  


34. Did conclusions follow from 
the data reported?  


Yes  


35. Were conclusions 
accompanied by the appropriate 
caveats?  


No  


36. Were generalisability issues No  
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addressed?  


Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic 
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical Journal 313 (7052): 275–83. 
Cited in Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s guidance for undertaking reviews 
in health care. York: Centre for Reviews and Dissemination 
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9 De novo cost analysis 


Section 9 requires the sponsor to provide information on the de novo cost 


analysis.  


The de novo cost analysis developed should be relevant to the scope. 


All costs resulting from or associated with the use of the technology should be 


estimated using processes relevant to the NHS and personal social services. 


Note that NICE cites the price of the product used in the model in the Medical 


Technology guidance. 


 


9.1  Description of the de novo cost analysis 


9.1.1 Provide the rationale for undertaking further cost analysis in relation 


to the scope.  


Two health economic studies were identified informing the cost-consequences of the 


use of Sherlock 3CG TCS; however, both of these studies were of low quality and of 


limited relevance to the current NHS setting.  Therefore, a de novo cost analysis was 


undertaken in order to ascertain this.   


The use of Sherlock 3CG TCS potentially has a higher initial procedural cost than 


PICC placement without the system as a special catheter is required as are ECG 


leads and the Sherlock 3CG TCS machine.  In addition staff need training to operate 


the system appropriately which potentially further increases the cost of the procedure 


compared to current practice.   


Sherlock 3CG TCS could increase the percentage of patients who have successful 


PICC placement at the bedside reducing the number of patients requiring PICC 


placement with fluoroscopy in theatre or a radiology suite.  This saving in fluoroscopy 


costs could offset the additional costs of using Sherlock 3CG TCS.  In addition, 


Sherlock 3CG TCS may remove the need for an X-ray to confirm tip placement 


altogether.  Nine of the 14 NHS Trusts currently using Sherlock do so without a 


confirmation X-ray which may allow for the savings of additional resources and allow 


administration of desired drugs more quickly.  
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The purpose of this cost analysis was to determine the net costs of introducing the 


use of: 


 Bedside placement with Sherlock 3CG TCS with confirmation X-ray; 


 Bedside placement with Sherlock 3CG TCS without confirmation X-ray.  


Patients 


9.1.2 What patient group(s) is (are) included in the cost analysis?  


The cost analysis includes adults undergoing PICC insertion who do not have 


medical conditions that contraindicate them for insertion with Sherlock 3CG TCS. 


Technology and comparator  


9.1.3 Provide a justification if the comparator used in the cost analysis is 


different from the scope. 


The comparators used in the cost analysis are: 


 Blind bedside placement with confirmation X-ray (i.e. no use of Sherlock 3CG 


TCS); 


 Fluoroscopy to guide PICC insertion and confirm tip placement. 


 


Other NHS settings (tertiary care and outpatient) were tested in sensitivity analysis.  
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Model structure 


9.1.4 Provide a diagram of the model structure you have chosen. 


 


9.1.5 Justify the chosen structure in line with the clinical pathway of care 


identified in response to question 3.3. 


The model structure as displayed in Section 9.1.4 reflects the clinical pathway of 


patients undergoing PICC insertion as described in Section 3.3.  PICC line insertion 


and tip placement may be achieved through: 


 Bedside placement with Sherlock 3CG TCS with confirmation X-ray; 


 Bedside placement with Sherlock 3CG TCS without confirmation X-ray;  


 Blind bedside placement with confirmation X-ray; 


 Fluoroscopy to guide PICC insertion and confirm tip placement. 


 


Inaccurate placement


Inaccurate placement


Inaccurate placement


Placement with fluoroscopy


PICC insertion and tip 


placement


Bedside placement with Sherlock 


3CG TCS with confirmation X-ray


Bedside placement with Sherlock 


3CG TCS without X-ray


Blind bedside placement with 


confirmation X-ray


 Accurate placement (with bedside 


readjustment in some patients)


 Accurate placement


 Accurate placement


PICC replacement 


with fluoroscopy 


PICC replacement at 


bedside


 Accurate placement (with bedside 


readjustment in some patients)


PICC replacement at 


bedside
 Accurate placement


PICC replacement 


with fluoroscopy 
 Accurate placement


 Accurate placement


 Accurate placement (with bedside 


readjustment in some patients)


PICC replacement at 


bedside
 Accurate placement


PICC replacement 


with fluoroscopy 
 Accurate placement
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PICC lines inserted at the bedside (both with and without Sherlock 3CG TCS) may 


have their tips placed either accurately or inaccurately.  Depending on the how the 


PICC has been inaccurately placed, it may be readjusted at bedside following x-ray 


or it may need to be replaced either at the bedside or under fluoroscopy.  


In the base case all PICC tip replacements are carried out under fluoroscopy (Barton, 


2013 and Walker et al., 2013).  However, advice from a clinician stated that at his 


Trust patients who experience failed PICC line insertion with Sherlock 3CG TCS 


have blind PICC line reinsertion at the bedside with an X-ray (Section 9.2.5). 


Therefore, sensitivity analysis explored the impact of a proportion of patients having 


a second placement attempt at the bedside rather than immediately being sent to 


fluoroscopy.  


For patients undergoing initial insertion under fluoroscopy, no malposition occurs and 


accurate insertion is achieved at the first attempt (Walker at al., 2013).  The model 


considers those patients who are able to have a PICC line inserted.  


All patients end the model with accurate PICC line insertion. 


Both bedside placement with Sherlock 3CG TCS and a confirmation X-ray and 


bedside placement with Sherlock 3CG TCS without a confirmation X-ray are 


considered in the model. This reflects current practice in the NHS as described in 


Section 4.4.  


9.1.6 Provide a list of all assumptions in the cost model and a justification 


for each assumption. 


The cost model has the following assumptions: 


 The time taken for achieve successful placement with Sherlock 3CG TCS is 


equal to the time taken for successful placement at the bedside without the 


technology. 


 There is no benefit to patients resulting from more rapid PICC line 


placement with Sherlock 3CG TCS in the scenario where no confirmatory x-


ray is required. This is a conservative assumption as there may be benefit to 


some patients of receiving required drugs sooner. 


 X-rays are assumed to read with 100% accuracy, meaning that no 


consequences of misread X-rays are captured in the model. This 
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assumption was made as the clinical evidence did not provide information 


on the consequence of misread X-rays. .  


 All model inputs are the same for bedside insertion with Sherlock 3CG TCS 


with X-ray and bedside insertion with Sherlock 3CG without X-ray, with the 


exception of the initial cost of PICC insertion and tip placement.  


 Reinsertion of PICC lines following failure with other methods (bedside 


placement with Sherlock 3CG TCS (with or without X-ray) or blind bedside 


placement with X-ray) does not involve an additional overnight stay in 


hospital. This is a conservative assumption as more patients in the bedside 


placement arm without Sherlock 3CG TCS require reinsertion due to higher 


failure rates and could therefore incur additional costs due to potential 


overnight stays.  


 Where insertion with Sherlock 3CG TCS is unsuccessful reinsertion is 


assumed to take place with fluoroscopy. Clinical advice has indicated that in 


some cases patients may have reinsertion at the bedside (with X-ray), 


however as the cost of bedside placement is lower than fluoroscopy (and 


still effective in around 93% of patients at first insertion attempt) using the 


cost of fluoroscopy insertion in the model is a conservative assumption.  


 Costs other than those included are assumed to be the same for Sherlock 


3CG TCS and the comparators.   


 The cost of an X-ray for placement with Sherlock 3CG TCS (Table C6) is 


assumed to consist of the time cost of the radiographer (i.e. no equipment 


costs) as is the case in the cost analysis conducted by Walker et al.  The 


cost for X-ray is not listed within NHS reference costs due to the high 


volume and low cost nature of the procedure.  A NHS Scotland cost for X-


ray was identified (£54.79); however this cost includes a number of 


radiological procedures and is likely to be an overestimation (ISD Scotland, 


2013). Therefore, to ensure consistency between the treatment and 


comparator only the staff cost has been included.  


 It is assumed in the base case that 3 nurses are trained per Sherlock 3CG 


TCS device. This is explored in the sensitivity analysis.  
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 The cost of an ultrasound scan used in the micro costing all PICC placement 


(Table C6 and C7) was assumed to be equivalent to the NHS reference cost 


for diagnostic imaging cost for anaesthetics (RA23Z: Ultrasound scan, less 


than 20 minutes).  The ultrasound required to locate the vein in PICC 


placement will be short and of a small area, therefore this cost was judged to 


be most appropriate.   


 Complications occurring post PICC line insertion, such as infection, were not 


included within the model and are therefore assumed to be equal for each 


comparator. Walker et al. state that infections should not occur if staff and 


patients are educated on the best ways to minimise infection risk. Therefore, 


it was judged there are confounding factors influencing infection rates (aside 


from the method of PICC tip placement).  


 Device risks are not included within the model and are therefore assumed to 


be equal for each comparator.  These were not included within the clinical 


evidence. 


 Within the model it is assumed that nurses and radiologists are trained in 


PICC line insertion and additional training required relates to learning how to 


use Sherlock 3CG TCS only.  


 The Sherlock 3CG TCS device is assumed to either be stored within the ward 


or department where it is used and therefore time is not spent fetching it. Or, 


in hospitals running a mobile intravenous service the device will be brought to 


the ward with the specialist nurse using it meaning no additional time is 


required to fetch the device.  This assumption has been made as in current 


NHS practice the small device is carried around with the nurse responsible for 


inserting PICC lines. 


 All other assumptions that have been made to populate model input 


parameters are specified in Tables C5, C6 and C7.  


9.1.7 Define what the model’s health states are intended to capture. 


There are no health states in the decision tree analytic model.  
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9.1.8 Describe any key features of the cost model not previously 


reported. A suggested format is presented below. 


Table C4 Key features of model not previously reported 


Factor Chosen values Justification Reference 


Time horizon 
of model 


Time taken for 
PICC to be 
successfully 
inserted 


Consistent with clinical 
evidence 


Adams et al., 2013, 
Barton et al., 2014, 
Johnston et al., 2014 
Parikh et al., 2012, 
Pittiruti et al., 2011. and 
Stewart et al., 2013. 


Discount of 
3.5% for 
costs 


N/A Short time horizon of the 
model means that 
discounting is not 
required. 


 


Perspective 
(NHS/PSS) 


NHS and PSS 
perspective 


Specified in NICE 
Methods guide 


(NICE, 2011) 


Cycle length N/A Model takes the form of a 
decision tree 


 


NHS, National Health Service; PSS, Personal Social Services  


9.2 Clinical parameters and variables 


9.2.1 Describe how the data from the clinical evidence were used in the 


cost analysis. 


Data from the clinical evidence review was utilised within the model to populate the 


proportion of successful PICC line placements with Sherlock 3CG TCS as provided 


in Section 7.6.1.  


Four studies were identified in the clinical evidence review: Adams et al., 2013, 


Barton et al., 2014, Parikh et al., 2012 and Stewart et al., 2013. All four studies were 


unpublished. A further two studies (relating to the previous version of Sherlock) were 


identified after the submission of the clinical evidence review. Following discussions 


with NICE, they were included: Johnston et al., 2014 and Pittiruti et al., 2011.  All six 


studies were considered for use to populate the costing model, specifically the 


proportion of successful tip placements with Sherlock 3CG TCS.  


Johnston et al. undertook a relatively large UK based study and reported malposition 


rates following tip placement with Sherlock 3CG TCS.  The proportion of patients 


specifically requiring reinsertion was not reported and therefore this study could not 


be included within the model.  Further, this study included all critically ill patients in 


intensive care units who required PICC line insertion, regardless of whether or not 


they were suitable for insertion using Sherlock 3CG TCS, or not.  Within the cost 
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model the proportion of patients suitable for PICC placement with Sherlock 3CG TCS 


is included, thus the effectiveness data required for the model should only relate to 


those patients who are suitable for the device.  


Pittiruti et al. studied various methods of catheter placement and did not report 


results for tip placement following PICC line insertion specifically. Therefore, this 


study was also unable to be used within the cost analysis.  


The remaining four case series provided the appropriate information for the cost 


model.  Of these the study by Parikh et al. was judged to be most appropriate for use 


in the base case despite being a US study as this case series included the largest 


number of patients.  The results from phase 2 of this study (post training) were used 


as training costs are incorporated into the cost model and therefore it can be 


assumed that all nurses carrying out the procedure are trained appropriately.  


The success rates from the three remaining case series: Adams et al. 2013, Barton 


et al. 2014 and Stewart et al. 2013 are considered in sensitivity analysis.  


9.2.2 Are costs and clinical outcomes extrapolated beyond the study 


follow-up period(s)? If so, what are the assumptions that underpin 


this extrapolation and how are they justified?  


No extrapolation beyond study follow-up was carried out. 


9.2.3 Were intermediate outcome measures linked to final outcomes (for 


example, was a change in a surrogate outcome linked to a final 


clinical outcome)? If so, how was this relationship estimated, what 


sources of evidence were used and what other evidence is there to 


support it?  


No, intermediate outcome measures were not linked to final outcomes.  


9.2.4 Were adverse events such as those described in section 7.7 


included in the cost analysis? If appropriate, provide a rationale for 


the calculation of the risk of each adverse event.  


No adverse events were described in the clinical evidence and therefore were not 


included in section 7.7 or the cost analysis.  
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9.2.5 Provide details of the process used when the sponsor’s clinical 


advisers assessed the applicability of available or estimated clinical 


model parameter and inputs used in the analysis. 


Clinical advice was provided by Andrew Barton, clinical nurse specialist in vascular 


access at Frimley Park Hospital NHS Foundation Trust, who has experience of PICC 


placement both with and without Sherlock 3CG TCS.  The questions were asked by 


email and both the questions asked and answers received are documented below. 


1) After the PICC is initially placed but before the x-ray is taken what care does the 


patient receive?  Would they occupy a bed and what level of care would a nurse 


have to provide (e.g. would the nurse have to stay with the patent until the x-ray 


results came back or how often would the nurse return to check on the patient?) 


Once the PICC line is placed and awaiting a chest x-ray it is safe to leave the Patient. 


Care must be taken to cover the ends of the PICC so that it is not used until 


confirmation of the TIP is documented. This can be done by taping gauze on the end 


of the PICC or by allowing an IV cap to the hub.  With Sherlock 3CG TCS this is not a 


problem because the PICC tip location can be confirmed at the time of insertion. 


2) If the PICC is not placed accurately first time what proportion of failed placements 


resulted in: 


a. Successful adjustment second time (if so how long would a nurse need to 


adjust and would a second x-ray be taken?) 


Prior to Sherlock 3CG TCS most of the PICCs (80%) I placed would need to be 


pulled back slightly after the x-ray was done. This would be done using a 


measurement and a second x-ray would not be indicated. 


b. Complete replacement with ultrasound and x-ray second time? 


Prior to Sherlock 3CG TCS 1 out of every 10 PICCs or 10% would require 


replacement because the PICC was placed in the IJ or contra laterally.  Removing 


and reintroducing the same PICC is not acceptable because of the risk of infection.  


c. Complete replacement with fluoroscopy without an inpatient stay? 


If the PICC was placed in an outpatient they would not have to stay overnight 


provided that a fluoroscopy slot could be found. 
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d. Complete replacement with fluoroscopy with an inpatient stay? 


If the patient was an inpatient they would not be discharged until another PICC was 


placed with Fluoroscopy. 


3) Would there be any difference in resource use and nurse time in placement of a 


PICC between a tertiary or acute centre? 


This would depend on the technique and technology used as outlined above, I would 


say no difference 


4) Would there be any difference in resource use and nurse time in if placement of a 


PICC was done in an outpatient clinic? 


This would depend on the technique and technology used as outlined above, I would 


say no difference 


5) If accurate insertion with Sherlock 3CG TCS is not possible following the first 


attempt would all patients undergo insertion with fluoroscopy rather than 


reinsertion with Sherlock 3CG TCS? 


In the rare occasion that Sherlock 3CG tip navigation system does not work, the 


insertion strategy reverts to a traditional PICC insertion using neck and arm 


manoeuvres and USS and CXR to check position.  Fluoroscopy would only be 


indicated if the PICC was unable to lead into the vessel because of an obstruction if 


the line kept going into the neck. 


6) Could you provide an estimate of how many nurses (or other healthcare 


professionals) would be trained to use a Sherlock 3CG TCS device in a ‘typical’ 


hospital? 


It would depend on how many PICC placers there are. 


7) Is the PICC kit here https://my.supplychain.nhs.uk/catalogue/product/fsu499 the 


one that would be used in practice and if not which PICC kits are commonly 


used?   


The link you provided above referred me to a COOK PICC line which is an open 


ended PICC line.  In my trust we use the BARD Solo power PICC with the Sherlock 


ECG machine. Before we used Sherlock we used the BARD Groshong PICC. Below 



https://my.supplychain.nhs.uk/catalogue/product/fsu499
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is the list of consumables which were required before the SOLO Power PICC and 


after. The SOLO Power PICC pack comes with everything inside it. 


8)  What other consumable resources (if any) outside of this kit would be needed for 


a nurse to place a PICC?   


 BARD Groshong PICC – Separate PICC insertion Pack; Drapes; Gloves; Chloraprep 
3ml applicator; Syringes; Needles; Scissors; Scalpel; Statlock; Dressing; Gauze; 
Steristrips; Probe cover; USS Gel; Sterile gown; Tourniquet; Saline 10mls; 
Lidocaine.  


BARD SOLO Power PICC pack - Gloves; Chloraprep 3ml applicator; Lidocaine; 
Saline 10mls; ECG Electrodes. 


Some further questions were asked of Andrew Barton by email and the question and 


responses are detailed below:  


9) Would the radiographer taking the confirmatory x-ray be about a band 5?  Also 


would it be normal for the radiographer to have an assistant present during the x-


ray? 


 


The radiographer would be a qualified radiographer, the band would depend on who 


was available, they usually work alone. 


 


10) Similarly would the radiographer2 undertaking fluoroscopy be a grade 5 and 


would an assistant be present? 


The radiographer undertaking the fluoroscopy would be a qualified radiographer, the 


band would depend on who was available, there would be just one of them. 


11) Where would insertion with fluoroscopy be undertaken? 


Fluoroscopy for PICC insertion in my trust would be undertaken in the interventional 


radiology suit unless the patient was a child undergoing anaesthetic then the 


procedure would be undertaken in a theatre using a C arm for fluoroscopy. 


 


                                                 
2
 Published literature and information online suggests that a radiologist rather than 


radiographer would insert PICC lines with fluoroscopy. 
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9.2.6 Summarise all the variables included in the cost analysis. Provide 


cross-references to other parts of the submission. A suggested 


format is provided in table C5 below.  


All model input parameters and their values are displayed in Table C5.1.  
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Table C5.1 Summary of variables applied in the cost model 


Variable  Value Range or 


95% CI  


Source 


Proportion of successful 
placements (Sherlock 3CG TCS 
with or without confirmation X-
ray) 


96% - Parikh et al., 2012 


 


Proportion of successful 
adjustments at bedside 
(Sherlock 3CG TCS) 


0% - Assumption - after failure with 
Sherlock 3CG TCS patients have 
reinsertion under fluoroscopy (in 
base case) 


Proportion of successful 
placements (blind placement at 
bedside with X-ray) 


93% - Walker et al., 2013. This will 
include patients requiring some 
readjustment following X-ray. 


Proportion of successful 
adjustments at bedside 
(bedside) 


0% - Walker et al., 2013 - all patients 
go for reinsertion with 
fluoroscopy after bedside failure 
(in base case). 


Proportion of successful 
insertions (fluoroscopy) 


100% - Walker et al., 2013 


Cost of insertion (Sherlock 
3CG TCS with confirmation x-
ray) 


£310.15 - See Table C6 for details 


Cost of insertion Sherlock 3CG 
TCS with no x-ray 


£272.30 - See Table C6 for details 


Cost of insertion (blind 
insertion at bedside with X-ray) 


£274.33 - See Table C7a for details 


Cost of insertion (with 
fluoroscopy) 


£814.93 - See Table C7b for details 


Cost of PICC adjustment with 
Sherlock 3CG TCS 


£310.15 - Assumed to be equal to initial 
insertion cost with X-ray (cost 
only used in sensitivity analysis) 


Cost of PICC adjustment at 
bedside 


£274.33 - Assumed to be equal to initial 
insertion cost (cost only used in 
sensitivity analysis) 


Cost of reinsertion with 
fluoroscopy after failure with 
Sherlock 3CG TCS  


£814.93 - Assumed to be equal to insertion 
cost with fluoroscopy 


Cost of reinsertion with 
fluoroscopy after failure at 
bedside 


£814.93 - Assumed to be equal to insertion 
cost with fluoroscopy 


CI, confidence interval 
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9.3 Resource identification, measurement and valuation 


NHS costs 


9.3.1 Describe how the clinical management of the condition is currently 


costed in the NHS in terms of reference costs and the payment by 


results (PbR) tariff.  


PICC insertion does not have a specific HRG code and therefore reference cost, but 


is included within other HRG codes and reference costs.  Examples of HRGs which 


include PICC insertion costs within the procedure costs are provided in the following 


screenshot (NHS Information Centre, 2014): 


 


These HRG codes relate to expensive procedures of which PICC insertion is likely to 


be a small proportion of the total cost.  


9.3.2 State the Office of Population, Censuses and Surveys 


Classification of Surgical Operations and Procedures (OPCS) 


codes for the operations, procedures and interventions relevant to 
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the use of the technology for the clinical management of the 


condition.  


The OPCS 4.6 code for the procedure in which Sherlock 3CG TCS may be used is 


L99.7: Percutaneous transluminal peripheral insertion of central catheter.   


 


Resource identification, measurement and valuation studies 


9.3.3 Provide a systematic search of relevant resource data for the NHS 


in England. Include a search strategy and inclusion criteria, and 


consider published and unpublished studies.  


Studies on cost resources were searched for through the economic evidence search 


(detailed in section 8.1). The research team identified time resource needs in relation 


to PICC positioning and re-positioning as the relevant resource issue which required 


additional searching.   


A systematic, focussed literature search was designed to identify published studies 


reporting on time resource requirements in relation to PICC positioning and re-


positioning.  The strategy was developed for MEDLINE (Ovid interface). The strategy 


was structured to search for three concepts:  


• peripherally inserted central catheters  


• positioning 


• time resource issues 


The research team agreed that the strategy would be focussed and pragmatic, 


aiming to retrieve records which clearly included key terms for the concepts of 


interest. The search strategy was devised using a combination of subject indexing 


terms and free text search terms in the title, abstract and keyword heading word 


fields.  


The strategy excluded publication types which were unlikely to yield detailed study 


reports: news, comments, editorials and letters.  The strategy also excluded animal 


studies.  Searches were limited to studies published in English, but no date restriction 


was applied.   
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The MEDLINE strategy was translated appropriately for other databases.  The 


search was conducted in a range of relevant databases of published research. The 


resources included those databases specified as a minimum for the search on 


resource identification, measurement and valuation in section 10.4 of the NICE 


MTEP Sponsor Submission Template, plus the Health Technology Assessment 


Database and Health Economic Evaluations Database. 


Searching a number of databases produces a degree of duplication in the results.  To 


manage this issue, the titles and abstracts of bibliographic records were downloaded 


and imported into EndNote bibliographic management software and duplicate 


records were removed using several algorithms.  


The searches identified 1181 records. Following deduplication 788 records were 


assessed for relevance.  The full search strategies for all search sources (including 


search dates and result numbers) are included in the appendix.  The following 


selection criteria were applied to the search results to identify relevant studies:  


Inclusion criteria (resource use review) 


Population Adult patient undergoing PICC insertion 


Interventions PICC insertion (at bedside, under fluoroscopy or with Sherlock 
3CG TCS) 


Outcomes Resource use in PICC placement, repositioning or replacement  


Study design Any 


Language restrictions English 


Search dates No limit 


Exclusion criteria 


Population  Children 


Interventions None 


Outcomes None 


Study design Animal studies 


Language restrictions Non-English 


Search dates No limit 


 


A rapid review of the search records was undertaken and 8 studies were identified 


as containing relevant information.  Relevant information from these studies is 


displayed in Table C5.2.  Of these, the study by Walker et al. was deemed to be 


the most relevant as it was the only study identified that was undertaken within a 


UK NHS setting.  The study was also recent and likely to reflect current NHS 


practices.   
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Table C5.2 Summary list of resource use studies 


Study name 
(year) 


Location 
of study 


Summary of intervention 
and comparator 


Patient population (key 
characteristics, average age) 


Time taken to insert PICC  Other resource use 
information useful to 
model 


Costantino et 
al.  (2005) 


US Intervention: PICC insertion 
with ultrasongraphic (not 
relevant) 


Control: PICC insertion 
without ultrasongraphic 
guidance 


Patient with difficult-to-obtain 
intravenous access (3 failed 
attempts). 


N=21 in control group 


Mean (SD) = 30+/- 21 
minutes (from notification 
by a nurse until successful 
cannulation) 


NR 


Cowl et al 
(2000) 


US Intervention: insertion of 
PICC at bedside 


Comparator: insertion of 
central venous catheter (not 
relevant) 


N=51 in PICC group. 


Median age = 58 (21-81) 


Male = 62.7% 


Mean (SD) = 41.2 +/- 17.2 
minutes from time of 
opening catheter kit to 
catheter secured and 
covered with sterile 
dressing. 


2 to 5 catheter insertion 
attempt = 21.6% 


Davis et al. 
(2004) 


US Review paper about PICC 
line placement 


All patients undergoing PICC line 
placement 


Average time (range) = 2 
hours (60-180 minutes) 


Costs of consumables 
reported (US costs) 


Hahn et al. 
(1995) 


US Intervention: PICC insertion 
under fluoroscopy with CO2 


Control: PICC insertion under 
fluoroscopy with iodinated 
contrast medium 


N=41 in intervention group 


N=33 in control group 


 


Mean age = 51 years 


 


Intervention group: Mean 
(range) = 22.8 (13-64) 
minutes 


Control group = 23.2 (12-
60) minutes 


NR 


Hockley et al. 
(2007) 


Australia Intervention: PICC insertion 
with CathRite (not relevant) 


Control: PICC insertion at 
bedside (blind placement) 


 


Blind placement group: 


N=19; 


Mean age = 55.9 +/-4.7 


Male = 79% 


Mean (SD) = 24.6 +/-14.5 
minutes 


NR 


Schweickert et 
al. (2009) 


US Intervention: PICC insertion 
with ultrasound inspection 


PICC insertion at bedside group: 


N=149; 


Median (range) = 9.0 (7-11) 
minutes.  No information is 


NR 
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(not relevant) 


Control: PICC insertion at 
bedside 


Mean age = 52 (39-65) 


Male = 49% 


provided around what is 
included within this 
timeframe (how it was 
measured).  


Walker et al. 
(2013) 


UK NHS Intervention: PICC insertion 
by radiologist under 
fluoroscopy, nurse at bedside 
or consultant anaesthetists in 
ICU 


N=141 PICC line insertions.  


N=48 by radiologist, N=91 by 
nurse-led teams and N=2 by 
consultant anaesthetists in ICU. 


Mean insertion time 
(radiologist) = 40.125 
minutes (plus 10 minutes 
nurse preparation time). 


Mean insertion time (nurse) 
= 62.49 minutes 


Mean insertion time (ICU) = 
18 minutes 


All times include both 
insertion and patient 
consent. ICU time was 
shortest due to lack of 
patient transfer required 
and lack of surgical 
safety checklist 


Yamada et al. 
(2010) 


Japan Intervention: PICC insertion 
at bedside by physician 


N=44 PICC insertions in 39 
patients. 


Patients were terminally ill cancer 
patients.  


Mean insertion time (SD) = 
23+/-7.9 minutes. Defined 
as the period from when 
the patient’s skin was 
cleaned with a disinfectant 
solution to when the 
catheter was fixed with 
sutures 


NR 
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9.3.4 Provide details of the process used when clinical advisers 


assessed the applicability of the resources used in the model3. 


Clinical advice was provided by Andrew Barton, clinical nurse specialist in vascular 


access at Frimley Park Hospital NHS Foundation Trust.  The questions asked and 


answers received are provided in Section 9.2.5. Questions 2-4 and 7-11 include 


information on resource use. 


Technology and comparators’ costs  


9.3.5 Provide the list price for the technology. 


The acquisition cost of Sherlock 3CG TCS System with stand and printer is £9,990 


+VAT. 


9.3.6 If the list price is not used in the de novo cost model, provide the 


alternative price and a justification. 


Not applicable 


9.3.7 Summarise the annual costs associated with the technology and 


the comparator technology (if applicable) applied in the cost model. 


A suggested format is provided in tables C6 and C7. Table C7 


should only be completed when the most relevant UK comparator 


for the cost analysis refers to another technology. 


The cost per patient of PICC insertion with Sherlock 3CG TCS is displayed in Table 


C6.  The costs per patient of insertion at the bedside are displayed in Table C7a and 


insertion under fluoroscopy in Table C7b.  The costs calculated in these tables were 


used as inputs within the economic model (Table C5). 


Of key note is the time taken by a nurse to insert the PICC at the bedside.  Walker et 


al. reported mean nurse time for successful insertion as 62.49 minutes.  Adams et al. 


reported the mean time taken to insert a PICC line with Sherlock 3CG TCS (with no 


X-ray) as 39.5 minutes.  A conservative assumption was taken to use 62.49 minutes 


for bedside insertion with Sherlock 3CG TCS plus x-ray confirmation in the base 


                                                 
3
 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing 


submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: 
Pharmaceutical Benefits Advisory Committee. 
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case, i.e. equal to blind bedside insertion as reported by Walker et al. (2013).  


Therefore any time savings resulting from the use of Sherlock 3CG TCS at the 


bedside were not captured in the base case.  For PICC tip placement with Sherlock 


3CG TCS without X-ray, the figure of 39.5 minutes from Adams et al. was used.  


The cost of ultrasound was added for each insertion method, including the 


comparators (blind beside insertion with X-ray and insertion with fluoroscopy) as 


ultrasound is required to visualise a vessel in the upper arm prior to PICC line 


insertion.  Walker et al. did not include the cost of ultrasound within their costing 


calculations.  Introducing a cost of ultrasound across each insertion method may 


result in double counting of nurse time; however this will occur in both the treatment 


and comparator arms and given the short time required for ultrasound in PICC line 


insertion patients is likely to be minimal.  


  







Sponsor submission of evidence  86 of 197 


Table C6.1 Costs per PICC line insertion associated with Sherlock 3CG 


TCS and X-ray 


Items Value  Source 


Price of the 
technology per 
PICC line 
insertion  


£6.39 Unit cost of Sherlock 3CG = £9,990 (Bard, 2013).  


Life span = 4 years (conservative assumption, 
usually last 8 years)  


468 potential uses per year per Sherlock 3CG TCS 
device (mid-value from survey conducted by Bard).  


83.5% of patients requiring PICC lines are suitable 
for Sherlock 3CG TCS (Adams, 2013).  This is 
known pre-ante, so consumables are not wasted on 
these patients.  


(£9,990/4)/(468*0.835) = £6.39 


Consumables (if 
applicable) 


£189.91 Pack including PICC, sterile maximum barrier, 
procedure tray and ECG leads (£175-£200). Mid-
point of £187.50 used in base case 


Printer paper: £120 for 1,000 sheets (12p each and 
2 sheets per insertion). 


Other consumables not included in PICC pack = 
gloves, lidocaine, saline 10ml, 2 ECG electors and 
Chloraprep 3ml applicator = £2.17 


Maintenance cost  £1.52 Annual maintenance cost = £595 (Bard, 2013).  


468 attempted uses per year (mid-value from survey 
conducted by Bard).  


83.5% of attempted patients are suitable (Adams, 
2013) 


£595/(468*0.835) = £1.52 


Training cost £1.42 Training cost covered by Bard.  


Requires 4.5 hours of nurse time: £34 per hour of 
non-face-to-face contact time (PSSRU, 2013) 


4.5*41 = £184.50 to train one nurse (in use of 
Sherlock 3CG TCS).  


Assumed 3 new nurses trained per year per device = 
£553.5.  


83.5% of 468 PICCs placed per year with Sherlock 
3CG TCS. 615/391 = £1.42 per patient to train 
nurses 


Other costs £111.15 Ultrasound = £18 (NHS reference costs (2012-13). 
Diagnostic imaging, anaesthetics. RA23Z - 
ultrasound scan, less than 20 minutes 


Radiographer time for X-ray = 10 minutes (Walker et 
al., 2013) multiplied by the cost of radiographer = 
£34 per hour -  Hospital radiologist PSSRU, 2013) = 
£5.67 


Nurse day ward: £84 per hour of face-to-face contact 
(PSSRU, 2013) multiplied by 62.49 minutes 
(assumed to be equal to bedside placement time 
reported by Walker et al., 2013) = £104.15 


Total cost per 
insertion 


£310.15  
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Table C6.2 Costs per PICC line insertion associated with Sherlock 3CG 
TCS without X-ray 


Items Value  Source 


Price of the 
technology per 
PICC line 
insertion  


£6.39 Unit cost of Sherlock 3CG = £9,990 (Bard, 2013).  


Life span = 4 years (conservative assumption, 
usually last 8 years)  


468 potential uses per year per Sherlock 3CG TCS 
device (mid-value from survey conducted by Bard).  


83.5% of patients requiring PICC lines are suitable 
for Sherlock 3CG TCS (Adams, 2013).  This is 
known pre-ante, so consumables are not wasted on 
these patients.  


(£9,990/4)/(468*0.835) = £6.39 


Consumables (if 
applicable) 


£189.91 Pack including PICC, sterile maximum barrier, 
procedure tray and ECG leads (£175-£200). Mid-
point of £187.50 used in base case 


Printer paper: £120 for 1,000 sheets (12p each and 
2 sheets per insertion). 


Other consumables not included in PICC pack = 
gloves, lidocaine, saline 10ml, 2 ECG electors and 
Chloraprep 3ml applicator = £2.17 


Maintenance cost  £1.52 Annual maintenance cost = £595 (Bard, 2013).  


468 attempted uses per year (mid-value from survey 
conducted by Bard).  


83.5% of attempted patients are suitable (Adams, 
2013) 


£595/(468*0.835) = £1.52 


Training cost £1.42 Training cost covered by Bard.  


Requires 4.5 hours of nurse time: £34 per hour of 
non-face-to-face contact time (PSSRU, 2013) 


4.5*41 = £184.50 to train one nurse.  


Assumed 3 nurses trained per year per device = 
£553.5.  


83.5% of 468 PICCs placed per year with Sherlock 
3CG TCS. 615/391 = £1.42 per patient to train 
nurses 


Other costs £83.83 Ultrasound = £18 (NHS reference costs (2012-13). 
Diagnostic imaging, anaesthetics. RA23Z - 
ultrasound scan, less than 20 minutes 


Nurse day ward: £84 per hour of face-to-face contact 
(PSSRU, 2013) multiplied by 39.5 minutes (Adams 
et al., 2013)= £65.83 


Total cost per 
insertion 


£272.30  
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Table C7.1 Costs per PICC line insertion associated with the comparator 
technology in the cost model (bedside insertion) 


Items Value  Source 


Cost of the 
comparator  


N/A  


Consumables (if 
applicable) 


£163.1
8 


Equipment cost for nurses £195.81 (Walker et al., 2013) 
with VAT (at 20% removed) 


This includes the cost of additional consumables that 
may be required during adjustment as calculated by 
Walker et al, for example if a PICC is too long and has 
to be pulled back and an additional sterile pack may be 
required.  


Maintenance cost  N/A  


Training cost N/A  


Other costs £111.1
5 


Ultrasound = £18 (NHS reference costs (2012-13). 
Diagnostic imaging, anaesthetics. RA23Z - ultrasound 
scan, less than 20 minutes 


Radiographer time for X-ray = 10 minutes (Walker et al., 
2013) multiplied by the cost of radiographer = £34 per 
hour -  Hospital radiographer PSSRU, 2013) = £5.67 


Nurse day ward: £84 per hour of face-to-face contact 
(PSSRU, 2013) multiplied by 62.49 minutes (Walker et 
al., 2013) = £87.49 


It is unclear if this time includes time taken for PICC 
lines to be pulled back (i.e. adjusted), however as the 
time taken for PICC placement used to cost successful 
PICC placement at the bedside and the proportion of 
successful PICC lines placed we both taken from 
Walker et al., 2013 we can assumed they defined and 
calculated consistently.  


Total cost per 
treatment/patient 


£274.3
3 


 


 


Table C7.2 Costs per PICC line insertion associated with the comparator 
technology in the cost model (fluoroscope insertion) 


Items Value  Source 


Cost of the 
comparator  


N/A  


Consumables (if 
applicable) 


£217.8
8 


Equipment cost for radiology (Walker et al., 2013) with 
VAT (at 20% removed) 


Maintenance cost  N/A  


Training cost N/A  


Other costs £579.0
5 


Radiologist time to insert PICC = 40.13 minutes (Walker 
et al., 2013) multiplied by the cost of radiologist = £99 
per hour -  Hospital consultant (PSSRU, 2013) = £66.21 


Nurse team set up of room: 10 minutes to set up room 
(Walker et al., 2013) multiplied by cost of nurse = £34 
per hour – Nurse day ward non face-to-face time 
(PSSRU, 2013) = £5.67 


Theatre cost = £507.18 (Walker et al., 2013) 


Total cost per 
treatment/patient 


£814.9
3 
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Health-state costs 


9.3.8 If the cost model presents health states, the costs related to each 


health state should be presented in table C8. The health states 


should refer to the states in section 9.1.7. Provide a rationale for 


the choice of values used in the cost model.  


The model does not present health states. 


 


Adverse-event costs 


9.3.9 Complete table C9 with details of the costs associated with each 


adverse event referred to in 9.2.4 included in the cost model. 


Include all adverse events and complication costs, both during and 


after longer-term use of the technology.  


For patients requiring reinsertion with fluoroscopy after failure with either Sherlock 


3CG TCS or bedside placement, the cost of insertion with fluoroscopy as displayed in 


Table C7b was used.  


The cost of adjustment of PICC line with Sherlock 3CG TCS or at the bedside is 


assumed to be the same as the initial cost of insertion. This cost is not used in the 


base case as all patients have reinsertion with fluoroscopy, but in sensitivity analysis 


only.  


Adverse events were assumed to be constant across the treatment and comparators 


as adverse events were not reported within the clinical evidence.  Walker et al. 


reported higher infection rates for insertion with fluoroscopy compared with blind 


insertion at bedside, however as no clinical evidence was identified reporting on 


infection with Sherlock 3CG TCS this could not be incorporated within the model.  
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Miscellaneous costs 


9.3.10 Describe any additional costs and cost savings that have not been 


covered anywhere else (for example, PSS costs, and patient and 


carer costs). If none, please state.  


None 


9.3.11 Are there any other opportunities for resource savings or 


redirection of resources that it has not been possible to quantify? 


Various potential resource savings were unable to be quantified and included within 


the cost analysis. 


For patients requiring drugs rapidly benefits may exist by using Sherlock 3CG TCS 


(particularly with no X-ray) for PICC placement as it may result in more rapid PICC 


placement and so more rapid delivery of required drug therapy. Due to an absence of 


data on the benefits of the system in this regard this potential benefit could not be 


quantified and thus was not included within the cost model. 


Patients requiring multiple X-rays following various adjustments during PICC 


placement may incur resources during movement around the hospital. This is likely to 


vary locally depending on the layout of the hospital.  Further, those patients who 


experience initial PICC placement failure and required reinsertion with fluoroscopy 


may in some cases incur an additional overnight stay in hospital.  This scenario 


would occur in the event that a fluoroscopy slot could not be found, the likelihood of 


which may differ between NHS settings.  As the placement success rate is higher 


with Sherlock 3CG TCS compared with blind bedside placement this potential benefit 


may provide an opportunity for resource savings. 


In addition, the model does not capture adverse events such as infections which may 


occur as a result of PICC line insertion and may incur significant costs.  Walker et al. 


reported the infection rates were higher for insertion with fluoroscopy compared with 


blind bedside placement perhaps due to aftercare of the PICC line.  It is possible 


moving the patient away from sterile areas (for example for X-rays) may also 


increase the risk of infection.  Infections were not reported in the clinical evidence 


identified for PICC insertion with Sherlock 3CG TCS (either with or without X-ray) and 


could therefore not be included within the model. 
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Finally, the model assumes that all X-rays are read with 100% accuracy.  Harako et 


al. (2004) note that X-rays to determine PICC tip location can sometimes be hard to 


read and discrepancies can exist between readings by different individuals.  The use 


of Sherlock 3CG TCS allows PICC tip location to be confirmed without X-ray and 


therefore some potential for resource use savings caused by complications resulting 


from misreading of X-rays may exist.  It should be noted, however, that the use of 


computed radiography can improve X-ray reading accuracy and therefore this 


potential benefit is likely to be smaller now than previously where films were used 


(Harako et al., 2004).  


9.4 Approach to sensitivity analysis 


Section 9.4 requires the sponsor to carry out sensitivity analyses to explore 


uncertainty around the structural assumptions and parameters used in the 


analysis. All inputs used in the analysis will be estimated with a degree of 


imprecision. For technologies whose final price/acquisition cost has not been 


confirmed, sensitivity analysis should be conducted over a plausible range of 


prices. 


Analysis of a representative range of plausible scenarios should be presented 


and each alternative analysis should present separate results. 
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9.4.1 Has the uncertainty around structural assumptions been 


investigated? State the types of sensitivity analysis that have been 


carried out in the cost analysis.  


It was assumed in the base case that those patients experiencing unsuccessful PICC 


tip placement with either Sherlock 3CG TCS or bedside placement would have their 


PICC line removed and reinserted with fluoroscopy.  This structural assumption was 


investigated through consideration of a scenario whereby a proportion of patients has 


their PICC lines repositioned using the initial insertion method, rather than 


fluoroscopy.  Naylor (2007) conducted a case series of patients undergoing PICC 


insertion with a previous version of Sherlock and reported that 25% of initial 


misplaced PICC lines could be successfully adjusted on a second attempt with the 


previous version Sherlock.  In order to consider all scenarios, the proportion of 


patients having PICC replacement with their initial method or fluoroscopy was varied 


between 0% and 100%.  The results are reported in Section 9.5.7.   


In addition, advice from a clinician stated that at his Trust patients who experience 


failed PICC line insertion with Sherlock 3CG TCS have PICC line reinsertion with 


blind placement at the bedside with an X-ray (Section 9.2.5). In the base case 


reinsertion with fluoroscopy was used as this was the more expensive and therefore 


more conservative option.  Scenario analysis explored the advice provided by the 


clinician for patients undergoing initial insertion at the bedside with Sherlock 3CG 


TCS with or without an X-ray (described in Section 9.4.2).   


The remaining model structure was judged to be a fair representation of current 


clinical practice (simplified due to the paucity of data available to populate the model) 


and as such sensitivity analysis focused on varying input parameters as described in 


Section 9.4.2. 


9.4.2 Was a deterministic and/or probabilistic sensitivity analysis 


undertaken? If not, why not? How were variables varied and what 


was the rationale for this? If relevant, the distributions and their 


sources should be clearly stated.  


One-way sensitivity analysis 
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One-way deterministic sensitivity analysis was undertaken around model input 


parameters to assess the impact on the model of changing input value and to identify 


the key drivers of the model. 


The ranges for effectiveness of both insertion with Sherlock 3CG TCS and insertion 


at the bedside were derived where possible from the highest and lowest values 


reported in the clinical evidence. 


For the remaining inputs, where possible, ranges of costs and resource usage were 


obtained from the published literature.  Where this was not possible ranges were 


based on assumptions. The rationale behind the range for each input parameter is 


provided in Table C10.1. 


Two-way sensitivity analysis 


Two-way sensitivity analysis was undertaken around the following: 


 proportion of patients requiring replacement of their PICC line with 


fluoroscopy or where the initial insertion method could be used for 


replacement; 


 PICC placement accuracy with Sherlock 3CG TCS and bedside placement; 


 Cost of PICC reinsertion with fluoroscopy after failure with Sherlock 3CG TCS 


or bedside placement; 


 The proportion of successful tip placements and the initial cost of insertion at 


bedside with either Sherlock 3CG TCS (with and without X-ray) or blind 


placement. 


Scenario analysis 


Multi-way scenario analysis was undertaken to consider settings whereby costs may 


be higher or lower (this may include tertiary care or outpatient settings as specified 


for consideration in the scope).  This included: 


 Patients having PICC line insertion in tertiary care.  No evidence could be 


identified to determine the difference in costs in secondary and tertiary care 


during PICC placement.  Therefore, scenario analysis was undertaken where 


costs for all procedures were increased and decreased by 25% to assess the 
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impact on the overall results and where the costs relating to insertion with 


Sherlock 3CG TCS only were increased and decreased by 25%. Patients who 


experienced PICC line insertion failure in the base case had reinsertion with 


fluoroscopy.  A scenario was considered whereby these patients have 


reinsertion at the bedside using blind insertion and an X-ray to confirm 


placement.  


 Patients who experienced PICC line insertion failure in the base case had 


reinsertion with fluoroscopy.  A scenario was considered whereby these 


patients have reinsertion at the bedside using blind insertion and an X-ray to 


confirm placement regardless of the initial method used for placement. 


 A scenario considering unit costs with qualification costs for healthcare 


professionals was considered (PSSRU, 2013).  


 Scenario analysis was conducted whereby the theatre cost was removed for 


both insertion with fluoroscopy and reinsertion with fluoroscopy.  Walker et al. 


included the cost of theatre, as a patient undergoing insertion under 


fluoroscopy would be blocking a slot for another procedure to take place in 


the radiology department, but acknowledged there was some doubt as to 


whether this cost should be included.  


Consideration of scenario analysis using the data provided by Walker et al. for a 


Macmillan suite (as a proxy for a tertiary setting) and outpatient setting was made. 


However, concerns existed as to whether the differences between departments 


specified by Walker et al. were specific to the logistics of Raigmore hospital.  Further, 


details such as the time taken for PICC line insertion in each department were not 


provided with overall costs given.  Therefore these analyses were not undertaken. 


Table C10.2 only lists those variables that are changed from their base case value 


within the scenario analysis; all other input parameters remain consistent with their 


base case value. 


Threshold analysis 


A number of threshold analysis were also carried out to provide information on how 


much certain parameters could change from their baseline values whilst generating 


cost savings with the use of Sherlock 3CG TCS. The results of these are shown in 


Section 9.5.7. 
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9.4.3 Complete table C10.1, C10.2 and/or C10.3 as appropriate to 


summarise the variables used in the sensitivity analysis.  


Table C10.1 Variables used in one-way scenario-based deterministic 
sensitivity analysis 


Variable Base-
case 
value 


Range of 
values 


Explanation of range used 


Bedside insertion with Sherlock 3CG TCS (with or without X-ray) 


Proportion of successful 
placements  


96%  92%-100% Highest value in literature = 
100% (Barton et al., 2014) and 
lowest = 96% (Parikh et al., 
2012 and Stewart et al., 2013) 
for trained staff. 


Lower values were considered 
to represent clinical practice that 
may be poorer than those in 
studies. 


Proportion of successful 
adjustments/replacements 
after initial misplacement 


0%  0-100% In base case all go to 
fluoroscopy after initial failure. 
Range considers scenario 
where all patients have 
replacement with Sherlock 3CG 
TCS and cost is £310.15 with X-
ray and £272.30 without X-ray. 


Cost of insertion at bedside 
(with X-ray) 


£310.15 £227.40 - 
£499.24 


In order to calculate the range, 
each the following inputs have 
been varied as follows: 


Number of insertions per year 
per device: +/-10%; 


Proportion of patients utilising 
device: +/- 10 percentage 
points; 


Life span of device: 2 to 8 years; 


Nurses using device: 2 to 8; 


Hours of training: 4 to 5; 


Ultrasound cost: £0 to £51; 


Consumables: £178-203; 


Time to insert PICC: 30-120 
minutes; 


X-ray cost: £3 - £54.79. 


Cost of insertion at bedside 
(no X-ray) 


£272.30 £210.40 - 
£374.45 


In order to calculate the range, 
each the following inputs have 
been varied as follows: 


Number of insertions per year 
per device: +/-10%; 


Proportion of patients utilising 
device: +/- 10 percentage 
points; 


Life span of device: 2 to 8 years; 


Nurses using device: 2 to 8; 


Hours of training: 4 to 5; 
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Ultrasound cost: £18 to £51; 


Consumables: £178-203 


Time to insert PICC: 20-70 
minutes. 


Cost of reinsertion with 
fluoroscopy after initial 
failure 


£814.93 £607.78 - 
1,054.67 


Range calculated as specified 
below.  


Blind insertion at bedside with X-ray 


Proportion of successful 
placements  


93.1%  91%-95% Reported in Walker et al., 2013 
introduction. 


Proportion of successful 
adjustments/replacements 
after initial misplacement 


0% 0-100%  In base case all go to 
fluoroscopy after initial failure. 
Range considers scenario 
where all patients have 
replacement at bedside and 
cost is £274.33 


Cost of insertion £274.33 £209.86 - 
£453.29 


In order to calculate the range, 
each the following inputs have 
been varied as follows: 


Equipment cost: +/-10% 


Time to insert PICC: 30-120 
minutes; 


Ultrasound cost: £18 to £51; 


X-ray cost: £3 - £54.79. 


Cost of reinsertion with 
fluoroscopy initial failure  


£814.93 £607.78 - 
1,054.67 


Range calculated as specified 
below. 


Insertion with fluoroscopy  


Cost of insertion with 
fluoroscopy  


£814.93 £607.78 - 
1,054.67 


In order to calculate the range, 
each the following inputs have 
been varied as follows: 


Equipment cost: +/-10% 


Radiologist time: 20-60 minutes; 


Ultrasound cost: £18 to £51; 


Theatre cost: +/-30% 
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Table C10.2 Variables used in multi-way scenario-based sensitivity analysis 


 Variable Base 
case 


All costs 
increase
d from 
base 
case by 
25% 


All costs 
reduced 
from 
base 
case by 
25% 


Costs relating to 
Sherlock 3CG 
TCS increased 
from base case 
by 25% 


Costs relating 
to Sherlock 
3CG TCS 
reduced from 
base case by 
25% 


Theatre 
cost 
excluded 


Bedside replacement 
of PICC line for failed 
Sherlock 3CG TCS 
patients 


Unit costs with 
qualification 
costs for 
healthcare 
professionals 


Cost of insertion 
with Sherlock 3CG 
TCS and X-ray 


£310.1
5 


£388 £233 £388 £233 Same as 
base case 


Same as base case £327.56 


Cost of insertion 
with Sherlock 3CG 
TCS (no X-ray) 


£272.3
0 


£340 £204 £340 £204 Same as 
base case 


Same as base case £283.07 


Cost of blind 
insertion at bedside 
with X-ray 


 £274.3
3 


£343 £206 Same as base 
case 


Same as base 
case 


Same as 
base case 


Same as base case £291.50 


Cost of insertion 
with fluoroscopy 


 £814.9
3 


£1,019 £611 Same as base 
case 


Same as base 
case 


£307.75 Same as base case £842.85 


Cost of reinsertion 
with fluoroscopy 
after initial failure 


  £814.
93 


£1,019 £611 £1,019 for 
Sherlock 3CG 
TCS arm only. 


Same as base 
case for blind 
bedside 
placement. 


£611 for 
Sherlock 3CG 
TCS arm only. 


Same as base 
case for blind 
bedside 
placement. 


£307.75 Equal to the total cost 
per patient for bedside 
insertion for Sherlock 
3CG TCS patients = 
£330.56 (to 
incorporate patients 
requiring fluoroscopy 
after failure at 
bedside).  


Same as base case for 
blind bedside insertion 
patients.  


£842.85 
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9.4.4 If any parameters or variables listed in section 9.2.6 were omitted 


from the sensitivity analysis, provide the rationale. 


The following variables were omitted from sensitivity analysis: 


 Proportion of successful insertions with fluoroscopy. This method is deemed 


to be the gold standard of PICC insertion and current clinical evidence from 


an NHS setting (Walker et al., 2013) suggested this to be the case. 


Therefore, within the analysis insertion with fluoroscopy always has a 100% 


success rate.  


 All variables on the model ‘set up’ sheet were included within the sensitivity 


analysis when varying the cost of PICC line insertion with Sherlock 3CG TCS 


(as they feed into this cost), but were not independently considered.  This is 


with the exception of number of patients utilising each Sherlock 3CG TCS 


device in the threshold analysis.  
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9.5 Results of de novo cost analysis 


Section 9.5 requires the sponsor to report the de novo cost analysis results. 


These should include the following:  


  costs 


 disaggregated results such as costs associated with treatment, costs 


associated with adverse events, and costs associated with follow-


up/subsequent treatment 


 a tabulation of the mean cost results 


 results of the sensitivity analysis. 


 


Base-case analysis 


9.5.1 Report the total costs associated with use of the technology and 
the comparator(s) in the base-case analysis. A suggested format is 
presented in table C11.  


Table C11 Base-case results 


 


 


 


 


 


9.5.2 Report the total difference in costs between the technology and 


comparator(s). 


At baseline, PICC insertion with Sherlock 3CG TCS and an X-ray to confirm tip 


placement is cost incurring of £12.19 per patient versus blind placement at the 


bedside with X-ray, and cost saving of £472.18 per patient versus placement with 


fluoroscopy.  


At baseline, PICC insertion with Sherlock 3CG TCS and no X-ray to confirm tip 


placement generates cost savings of £25.67 per patient versus blind placement at 


the bedside with X-ray and cost savings of £510.04 per patient versus placement 


with fluoroscopy.  


 Total per patient cost (£) 


PICC insertion with Sherlock 3CG 
TCS and X-ray to confirm tip 
placement 


£342.75 


Blind PICC insertion at bedside with 
X-ray to confirm tip placement  


£330.56 


PICC insertion with fluoroscopy £814.93 


PICC insertion with Sherlock 3CG 
TCS and no X-ray 


£304.90 
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9.5.3 Provide details of the costs for the technology and its comparator by category of cost. A suggested format is presented in 


table C12. 


Table C12.1 Summary of costs by category of cost per patient (Sherlock 3CG TCS plus X-ray v. blind bedside insertion 
plus X-ray) 


Item Cost intervention 
(Sherlock plus X-ray) 


Cost comparator 
(Bedside insertion plus 
X-ray) 


Increment Absolute increment % of absolute increment 


Equipment costs £215.82 £181.18 £34.64 £34.64 58.27% 


Staff costs £94.33 £93.15 £1.17 £1.17 1.98% 


Reinsertion cost £32.60 £56.23 -£23.63 £23.63 39.75% 


Theatre costs £0.00 £0.00 £0.00 £0.00 0% 


Total £342.75 £330.56 £12.19 £59.45 100% 


Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee 
(Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee 


 


Table C12.2 Summary of costs by category of cost per patient (Sherlock 3CG TCS plus X-ray v. fluoroscope insertion) 


Item Cost intervention 
(Sherlock plus X-ray) 


Cost comparator 
(fluoroscope) 


Increment Absolute increment % of absolute 
increment 


Equipment costs £215.82 £235.88 -£20.06 £20.06 3.44% 


Staff costs £94.33 £71.87 £22.45 £22.45 3.86% 


Reinsertion cost £32.60 £0.00 £32.60 £32.60 5.60% 


Theatre costs £0.00 £507.18 -£507.18 £507.18 87.10% 


Total £342.75 £814.93 -£472.18 £582.29 100% 


Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee 
(Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee 
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Table C12.3 Summary of costs by category of cost per patient (Sherlock 3CG TCS with no X-ray v. blind bedside insertion 
plus X-ray) 


Item 
Cost intervention 


(Sherlock no X-ray) 


Cost comparator 
(Bedside insertion plus 


X-ray) 
Increment Absolute increment 


% of absolute 
increment 


Equipment costs £215.82 £181.18 £34.64 £34.64 36.48% 


Staff costs £56.47 £93.15 -£36.68 £36.68 38.63% 


Reinsertion cost £32.60 £56.23 -£23.63 £23.63 24.89% 


Theatre costs £0.00 £0.00 £0.00 £0.00 0.00% 


Total £304.90 £330.56 -£25.67 £94.95 100% 


Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee 
(Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee 


 


Table C12.4 Summary of costs by category of cost per patient (Sherlock 3CG TCS with no X-ray v. fluoroscope insertion) 


Item Cost intervention 
(Sherlock no X-


ray) 


Cost comparator 
(fluoroscopy) 


Increment Absolute increment 
% of absolute 


increment 


Equipment costs £215.82 £235.88 -£20.06 £20.06 3.49% 


Staff costs £56.47 £71.87 -£15.40 £15.40 2.68% 


Reinsertion cost £32.60 £0.00 £32.60 £32.60 5.67% 


Theatre costs £0.00 £507.18 -£507.18 £507.18 88.17% 


Total £304.90 £814.93 -£510.04 £575.23 100% 


Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee 
(Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee 
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9.5.4 If appropriate, provide details of the costs for the technology and its 


comparator by health state. A suggested format is presented in 


table C13. 


No health states were included within the model. 


9.5.5 If appropriate, provide details of the costs for the technology and its 


comparator by adverse event. A suggested format is provided in 


table C14. 


No adverse events were included within the cost model. 


Sensitivity analysis results 


9.5.6 Present results of deterministic one-way sensitivity analysis of the 


variables described in table C10.1.  


Figures C2 to C20 display the cost difference per patient when one-way sensitivity 


analysis is undertaken around the variables described in table C10.1.   
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One-way sensitivity analysis: PICC insertion at bedside with Sherlock 


3CG TCS plus X-ray v. blind PICC insertion at bedside with X-ray 


Figure C2 Proportion of successful placements with Sherlock 3CG TCS 
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Figure C3 Proportion of successful blind placements at bedside with X-


ray 


 


Figure C4 Cost of insertion with Sherlock 3CG TCS plus X-ray 
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Figure C5 Cost of insertion at bedside plus X-ray 


 


Figure C6: Proportion of successful adjustments after malposition 


identified on X-ray with Sherlock 3CG TCS (instead of with fluoroscopy) 
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Figure C7: Proportion of successful adjustments at bedside without 


Sherlock 3CG TCS (instead of with fluoroscopy) 


 


One-way sensitivity analysis: PICC insertion at bedside with Sherlock 


3CG TCS plus X-ray v. PICC insertion with fluoroscopy 


Figure C8 Proportion of successful placements with Sherlock 3CG TCS 
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Figure C9 Cost of insertion with Sherlock 3CG TCS  


 


Figure C10 Cost of insertion with fluoroscopy 
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Figure C11: Proportion of successful adjustments with Sherlock 3CG 


TCS (instead of with fluoroscopy) 


 


One-way sensitivity analysis: PICC insertion at bedside with Sherlock 


3CG TCS with no X-ray v. blind PICC insertion at bedside with X-ray 


Figure C12 Proportion of successful placements with Sherlock 3CG TCS 


(no X-ray) 
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Figure C13 Proportion of successful placements at bedside 


 


Figure C14 Cost of insertion with Sherlock 3CG TCS (no X-ray) 
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Figure C15 Cost of insertion at bedside plus X ray 


 


Figure C16 Proportion of successful adjustments with Sherlock 3CG 


TCS (instead of with fluoroscopy) after failure with Sherlock 3CG TCS 


(no X-ray) 
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Figure C17 Proportion of successful adjustments at bedside (instead of 


with fluoroscopy) 


 


One-way sensitivity analysis: PICC insertion with Sherlock 3CG TCS 


with no X-ray v. PICC insertion with fluoroscopy 


Figure C18 Proportion of successful placements with Sherlock 3CG TCS 


(no X-ray) 
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Figure C19 Cost of insertion with Sherlock 3CG TCS (no X-ray) 


 


Figure C120 Cost of insertion with fluoroscopy 
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Figure C21 Proportion of successful adjustments with Sherlock 3CG 


TCS (instead of with fluoroscopy) after failure with Sherlock 3CG TCS 


(no X-ray) 


 


9.5.7 Present results of deterministic multi-way scenario sensitivity 


analysis described in table C10.2. 


Two-way sensitivity analysis: PICC insertion at bedside with Sherlock 


3CG TCS with X-ray v. blind PICC insertion at the bedside with X-ray 


Figure C22 Proportion of successful placements with Sherlock 3CG TCS 


and proportion of successful blind placements at the bedside 


90.0% 90.5% 91.0% 91.5% 92.0% 92.5% 93.0% 93.5% 94.0% 94.5% 95.0%


92% £20 £24 £28 £32 £36 £40 £44 £48 £52 £56 £60


93% £11 £15 £20 £24 £28 £32 £36 £40 £44 £48 £52


94% £3 £7 £11 £15 £20 £24 £28 £32 £36 £40 £44


95% -£5 -£1 £3 £7 £11 £15 £20 £24 £28 £32 £36


96% -£13 -£9 -£5 -£1 £3 £7 £11 £15 £20 £24 £28


97% -£21 -£17 -£13 -£9 -£5 -£1 £3 £7 £11 £15 £20


98% -£29 -£25 -£21 -£17 -£13 -£9 -£5 -£1 £3 £7 £11


99% -£38 -£33 -£29 -£25 -£21 -£17 -£13 -£9 -£5 -£1 £3


100% -£46 -£42 -£38 -£33 -£29 -£25 -£21 -£17 -£13 -£9 -£5
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Proportion of successful blind placements at bedside
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Figure C23 Proportion of successful replacements with Sherlock 3CG 


TCS and proportion of successful replacements at the bedside (as 


opposed to requiring fluoroscopy) 


 


Figure C24 Cost of PICC reinsertion with fluoroscopy after Sherlock 3CG 


TCS or bedside failure 


 


Figure C25 Proportion of successful placements and cost of insertion 


with Sherlock 3CG TCS plus X-ray 


0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%


0% £12 £16 £20 £23 £27 £31 £35 £38 £42 £46 £49


10% £9 £13 £17 £20 £24 £28 £31 £35 £39 £43 £46


20% £6 £10 £13 £17 £21 £25 £28 £32 £36 £40 £43


30% £3 £7 £10 £14 £18 £21 £25 £29 £33 £36 £40


40% £0 £3 £7 £11 £15 £18 £22 £26 £30 £33 £37


50% -£3 £0 £4 £8 £11 £15 £19 £23 £26 £30 £34


60% -£7 -£3 £1 £5 £8 £12 £16 £20 £23 £27 £31


70% -£10 -£6 -£2 £2 £5 £9 £13 £16 £20 £24 £28


80% -£13 -£9 -£5 -£2 £2 £6 £10 £13 £17 £21 £24


90% -£16 -£12 -£8 -£5 -£1 £3 £6 £10 £14 £18 £21


100% -£19 -£15 -£12 -£8 -£4 £0 £3 £7 £11 £15 £18
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£608 £650 £690 £720 £760 £800 £840 £880 £920 £960 £1,055


£608 £18 £15 £13 £10 £8 £5 £2 -£1 -£3 -£6 -£13


£650 £20 £17 £14 £12 £9 £7 £4 £1 -£2 -£4 -£11


£690 £21 £19 £16 £14 £11 £8 £5 £3 £0 -£3 -£9


£720 £23 £20 £17 £15 £12 £9 £7 £4 £1 -£2 -£8


£760 £24 £21 £19 £17 £14 £11 £8 £5 £3 £0 -£7


£800 £26 £23 £20 £18 £15 £13 £10 £7 £4 £2 -£5


£840 £27 £25 £22 £20 £17 £14 £11 £9 £6 £3 -£3


£880 £29 £26 £23 £21 £19 £16 £13 £10 £8 £5 -£2


£920 £31 £28 £25 £23 £20 £17 £15 £12 £9 £6 £0


£960 £32 £29 £27 £25 £22 £19 £16 £13 £11 £8 £1


£1,055 £36 £33 £30 £28 £26 £23 £20 £17 £15 £12 £5


Cost of fluoroscope insertion (after bedside failure)
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£227 £250 £280 £310 £330 £360 £380 £410 £440 £470 £499


92% -£38 -£15 £15 £45 £65 £95 £115 £145 £175 £205 £234


93% -£46 -£24 £6 £36 £56 £86 £106 £136 £166 £196 £226


94% -£54 -£32 -£2 £28 £48 £78 £98 £128 £158 £188 £218


95% -£62 -£40 -£10 £20 £40 £70 £90 £120 £150 £180 £209


96% -£71 -£48 -£18 £12 £32 £62 £82 £112 £142 £172 £201


97% -£79 -£56 -£26 £4 £24 £54 £74 £104 £134 £164 £193


98% -£87 -£64 -£34 -£4 £16 £46 £66 £96 £126 £156 £185


99% -£95 -£72 -£42 -£12 £8 £38 £58 £88 £118 £148 £177


100% -£103 -£81 -£51 -£21 -£1 £29 £49 £79 £109 £139 £169P
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Two-way sensitivity analysis: PICC insertion at bedside with Sherlock 


3CG TCS no X-ray v. blind PICC insertion at the bedside with X-ray 


Figure C26 Proportion of successful placements with Sherlock 3CG TCS 


and proportion of successful blind placements at the bedside 


 


Figure C27 Proportion of successful replacements with Sherlock 3CG 


TCS and proportion of successful replacements at the bedside (as 


opposed to requiring fluoroscopy) 


 


 


 


 


 


 


90.0% 90.5% 91.0% 91.5% 92.0% 92.5% 93.0% 93.5% 94.0% 94.5% 95.0%


92% -£18 -£14 -£10 -£6 -£2 £2 £6 £10 £14 £18 £22


93% -£26 -£22 -£18 -£14 -£10 -£6 -£2 £2 £6 £10 £14


94% -£35 -£31 -£26 -£22 -£18 -£14 -£10 -£6 -£2 £2 £6


95% -£43 -£39 -£35 -£31 -£26 -£22 -£18 -£14 -£10 -£6 -£2


96% -£51 -£47 -£43 -£39 -£35 -£31 -£26 -£22 -£18 -£14 -£10


97% -£59 -£55 -£51 -£47 -£43 -£39 -£35 -£31 -£26 -£22 -£18


98% -£67 -£63 -£59 -£55 -£51 -£47 -£43 -£39 -£35 -£31 -£26


99% -£75 -£71 -£67 -£63 -£59 -£55 -£51 -£47 -£43 -£39 -£35


100% -£84 -£79 -£75 -£71 -£67 -£63 -£59 -£55 -£51 -£47 -£43
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Proportion of successful blind placements at bedside


0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%


0% -£26 -£22 -£18 -£14 -£11 -£7 -£3 £0 £4 £8 £12


10% -£29 -£25 -£21 -£18 -£14 -£10 -£6 -£3 £1 £5 £9


20% -£32 -£28 -£24 -£21 -£17 -£13 -£10 -£6 -£2 £2 £5


30% -£35 -£31 -£28 -£24 -£20 -£16 -£13 -£9 -£5 -£1 £2


40% -£38 -£34 -£31 -£27 -£23 -£20 -£16 -£12 -£8 -£5 -£1


50% -£41 -£38 -£34 -£30 -£26 -£23 -£19 -£15 -£11 -£8 -£4


60% -£44 -£41 -£37 -£33 -£29 -£26 -£22 -£18 -£15 -£11 -£7


70% -£48 -£44 -£40 -£36 -£33 -£29 -£25 -£21 -£18 -£14 -£10


80% -£51 -£47 -£43 -£39 -£36 -£32 -£28 -£25 -£21 -£17 -£13


90% -£54 -£50 -£46 -£43 -£39 -£35 -£31 -£28 -£24 -£20 -£16


100% -£57 -£53 -£49 -£46 -£42 -£38 -£35 -£31 -£27 -£23 -£20
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Figure C28 Cost of PICC reinsertion with fluoroscopy after Sherlock 3CG 


TCS or bedside failure 


 


Figure C29 Proportion of succesful placements and cost of insertion 


with Sherlock 3CG TCS (no X-ray) 


 


Scenario analysis results 


The results of scenario analyses conducted are displayed in Table C13. Information 


on the parameters used within each scenario are shown in Table C10.2. 


£608 £650 £690 £720 £760 £800 £840 £880 £920 £960 £1,055


£608 -£20 -£23 -£25 -£27 -£30 -£33 -£36 -£38 -£41 -£44 -£50


£650 -£18 -£21 -£24 -£26 -£28 -£31 -£34 -£37 -£40 -£42 -£49


£690 -£16 -£19 -£22 -£24 -£27 -£30 -£32 -£35 -£38 -£41 -£47


£720 -£15 -£18 -£21 -£23 -£26 -£28 -£31 -£34 -£37 -£39 -£46


£760 -£14 -£16 -£19 -£21 -£24 -£27 -£30 -£32 -£35 -£38 -£44


£800 -£12 -£15 -£18 -£20 -£22 -£25 -£28 -£31 -£34 -£36 -£43


£840 -£10 -£13 -£16 -£18 -£21 -£24 -£26 -£29 -£32 -£35 -£41


£880 -£9 -£12 -£14 -£17 -£19 -£22 -£25 -£28 -£30 -£33 -£40


£920 -£7 -£10 -£13 -£15 -£18 -£20 -£23 -£26 -£29 -£31 -£38


£960 -£6 -£8 -£11 -£13 -£16 -£19 -£22 -£24 -£27 -£30 -£36


£1,055 -£2 -£5 -£7 -£10 -£12 -£15 -£18 -£21 -£23 -£26 -£33
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C
o


s
t 


o
f 


fl
u


o
ro


s
c
o


p
e
 i


n
s
e
rt


io
n


 (
a
ft


e
r 


S
h


e
rl


o
c
k
 f


a
il


u
re


)


£210 £220 £240 £252 £270 £288 £306 £324 £342 £360 £374


92% -£55 -£45 -£25 -£13 £5 £23 £41 £59 £77 £95 £109


93% -£63 -£54 -£34 -£22 -£4 £14 £32 £50 £68 £86 £101


94% -£71 -£62 -£42 -£30 -£12 £6 £24 £42 £60 £78 £93


95% -£79 -£70 -£50 -£38 -£20 -£2 £16 £34 £52 £70 £85


96% -£88 -£78 -£58 -£46 -£28 -£10 £8 £26 £44 £62 £76


97% -£96 -£86 -£66 -£54 -£36 -£18 £0 £18 £36 £54 £68


98% -£104 -£94 -£74 -£62 -£44 -£26 -£8 £10 £28 £46 £60


99% -£112 -£102 -£82 -£70 -£52 -£34 -£16 £2 £20 £38 £52


100% -£120 -£111 -£91 -£79 -£61 -£43 -£25 -£7 £11 £29 £44P
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Table C13 Scenario analyses results 


 Sherlock 3CG with X-ray v. 
blind bedside placement 
with X-ray 


Sherlock 3CG with X-ray v. 
fluoroscopy placement  


Sherlock 3CG (no X-ray) v. 
blind bedside placement 
with X-ray 


Sherlock 3CG (no X-ray) v. 
fluoroscopy placement 


Costs increased from base 
case by 25% 


£15.45 per patient -£590.24 per patient -£32.55 per patient -£638.24 per patient 


Costs reduced from base 
case by 25% 


£9.28 per patient  -£353.56 per patient -£19.72 per patient -£382.56 per patient 


Costs relating to Sherlock 
3CG TCS increased from 
base case by 25% 


£98.20 per patient -£386.24 per patient £50.20 per patient -£434.17 per patient 


Costs relating to Sherlock 
3CG TCS reduced from 
base case by 25% 


-£73.12 per patient -£557.49 per patient -£102.12 per patient -£586.49 per patient 


Theatre cost excluded £26.89 per patient £14.71 per patient -£10.96 per patient -£23.14 per patient 


Bedside replacement of 
PICC line for failed 
Sherlock 3CG TCS patients 


-£7.19 per patient -£491.56 per patient -£45.04 per patient -£529.41 per patient 


Healthcare professional 
costs using costs with 
qualification costs 
included 


£11.62 per patient -£481.58 per patient -£32.87 per patient -£526.07 per patient 
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Threshold analysis results 


Threshold analysis was carried out to establish the limit of certain input parameters 


for Sherlock 3CG TCS (with or without X-ray) to be cost saving.  The following input 


parameters are considered and the results set out for each of the four insertion 


method comparisons carried out.  The results are reported as the parameter limit for 


Sherlock 3CG TCS to be cost saving.  


1. Minimum number of patients utilising each Sherlock 3CG TCS device per year: 


 Sherlock 3CG TCS with X-ray v. blind bedside placement with X-ray: this 


input does not drive the results enough in order to generate cost savings; 


 Sherlock 3CG TCS with X-ray v. fluoroscopy placement: 8 patients; 


 Sherlock 3CG TCS (no X-ray) v. bedside placement: 103 patients; 


 Sherlock 3CG TCS (no X-ray) v. fluoroscopy placement: 7 patients. 


2. Maximum number of nurses trained per device: 


 Sherlock 3CG TCS with X-ray v. bedside placement: this input does not drive 


the results enough in order to generate cost savings; 


 Sherlock 3CG TCS with X-ray v. fluoroscopy placement: 1209 nurses; 


 Sherlock 3CG TCS (no X-ray) v. bedside placement: 68 nurses; 


 Sherlock 3CG TCS (no X-ray) v. fluoroscopy placement: 1305 nurses. 


3. Maximum time to insert the PICC line with Sherlock 3CG TCS (compared with 


62.49 minutes nurse time for bedside placement and 40.13 minutes of radiographer 


time with fluoroscopy: 


 Sherlock 3CG TCS with X-ray v. bedside placement: 53 minutes 


 Sherlock 3CG TCS with X-ray v. fluoroscopy placement: 399 minutes; 


 Sherlock 3CG TCS (no X-ray) v. bedside placement: 57 minutes; 


 Sherlock 3CG TCS (no X-ray) v. fluoroscopy placement: 403 minutes. 
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4. Minimum cost of insertion with fluoroscopy for Sherlock 3CG TCS (with or without 


X-ray) to be cost saving (to the nearest whole pound): 


 Sherlock 3CG TCS with X-ray v. bedside placement: £1,235 per insertion (in 


this case reinsertion following initial failure); 


 Sherlock 3CG TCS with X-ray v. fluoroscopy placement: £324 per insertion; 


 Sherlock 3CG TCS (no X-ray) v. bedside placement: Cost go as low as £0 


and insertion with Sherlock 3CG TCS (no X-ray remains cost-saving); 


 Sherlock 3CG TCS (no X-ray) v. fluoroscopy placement: £284 per insertion. 


9.5.8 Present results of the probabilistic sensitivity analysis described in 


table C10.3.  


Probabilistic sensitivity analysis was not carried out.  


9.5.9 What were the main findings of each of the sensitivity analyses? 


One-way sensitivity analysis 


PICC placement with Sherlock 3CG plus X-ray 


The results of the one-way sensitivity analysis showed that when comparing bedside 


placement with Sherlock 3CG TCS plus X-ray to blind insertion at the bedside the 


results were sensitive to a number of parameters. Sherlock 3CG TCS with X-ray 


becomes cost-saving the base case when: 


 The proportion of successful placements with Sherlock 3CG TCS is above 


97.5%; 


 The proportion of successful blind placements at the bedside is below 


91.5%; 


 The cost of insertion with Sherlock 3CG TCS is less than £298 per patient; 


 The cost of insertion at bedside placement without Sherlock 3CG TCS is 


greater than £287 per patient; 
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 The proportion of patients able to have reinsertion at the bedside without 


Sherlock, instead of with fluoroscopy following failure to insert the PICC is 


greater than 40%.   


All five of these scenarios are explored further in the two-way sensitivity analysis or 


threshold analysis.  


PICC placement with Sherlock 3CG with no X-ray 


Where no X-ray is required to confirm PICC tip placement, Sherlock 3CG TCS is cost 


saving compared to bedside placement in the base case and one-way sensitivity 


analysis around some input parameters. Sherlock 3CG TCS with no X-ray becomes 


cost-incurring when: 


 The proportion of successful placements with Sherlock 3CG TCS is below 


93%; 


 The cost of insertion with Sherlock 3CG TCS is greater than £300 per 


patient; 


 The cost of insertion at the bedside without Sherlock 3CG TCS is less than 


£250 per patient; 


 The proportion of patients able to have reinsertion at the bedside without 


Sherlock, instead of with fluoroscopy following failure to insert the PICC is 


greater than 69%.  


These scenarios are explored further in the two-way sensitivity analysis and 


threshold analysis. 


Where Sherlock 3CG TCS (either with or without a confirmation X-ray) is compared 


to insertion with fluoroscopy, Sherlock 3CG TCS is always cost-saving across the 


parameter ranges considered in sensitivity analysis.   


Two-way sensitivity analysis 


PICC placement with Sherlock 3CG plus X-ray 


The results of the two-way analysis show that where Sherlock 3CG TCS with X-ray is 


compared to bedside placement there are situations in which insertion with Sherlock 


3CG TCS is cost incurring and situations where cost savings are generated.  
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Firstly, where the proportion of successful placements with Sherlock 3CG TCS is at 


100% (Barton, 2014) insertion with Sherlock 3CG TCS plus X-ray is always cost 


saving regardless of the success of blind placements at the bedside (Figure C22).  


As the success rate for Sherlock 3CG TCS plus X-ray falls, blind placement at the 


bedside is more likely to be cost saving, particularly where this success rate is 


highest. This suggests that in order for Sherlock 3CG TCS to be cost-saving 


compared to bedside placement in an NHS organisation, placement success rates 


must be at least 4.5 percentage points higher with Sherlock 3CG TCS plus X-ray 


than bedside placement.  


Second, the two-way sensitivity analysis considering the proportion of successful 


replacement with the original insertion method (rather than with fluoroscopy) 


suggests that provided the proportion of Sherlock 3CG TCS patients requiring 


reinsertion with fluoroscopy is no more than 50% less than the with bedside 


placement, Sherlock 3CG TCS will be cost saving (Figure C23).  Likewise, the two-


way sensitivity analysis considering the cost of fluoroscopy for those patients 


requiring reinsertion with fluoroscopy shows that where the cost of insertion with 


fluoroscopy is in the range considered, Sherlock 3CG TCS is always cost incurring 


(Figure C24).  Only where the cost of insertion with fluoroscopy following failure with 


Sherlock 3CG TCS plus X-ray is cheaper than that following blind bedside placement 


can Sherlock 3CG TCS plus X-ray generate cost savings.  Clinical advice suggested 


that in the UK NHS some patients may have reinsertion at the bedside with blind 


placement plus X-ray if insertion with Sherlock 3CG TCS fails, in this case Sherlock 


3CG TCS plus X-ray can generate cost savings (see scenario results in Section 


9.5.7). 


Two-way sensitivity analysis considering the cost of PICC insertion and tip placement 


with Sherlock 3CG TCS plus X-ray shows that where the cost of insertion is below 


£330 per patient placement with Sherlock 3CG TCS plus X-ray, this method has the 


potential to generate cost-savings (Figure C25).  These cost savings are dependent 


upon the success rate of initial placement.  


PICC placement with Sherlock 3CG with no X-ray 


When comparing placement with Sherlock 3CG TCS (no x-ray) v. blind bedside 


placement with X-ray there are situations in which Sherlock 3CG TCS (no X-ray) 


becomes cost incurring. 
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Figure C26 shows that where the proportion of successful placements with Sherlock 


3CG TCS is at 94% or below, insertion with Sherlock 3CG TCS may become cost 


incurring provided the success rate of blind placement is high.  In order for placement 


with Sherlock 3CG TCS with no X-ray to generate cost-savings, the success rate with 


this method must be around 1.5 percentage points higher than that of blind bedside 


placement. 


The two-way sensitivity analysis considering the proportion of successful 


replacements with the original insertion method (rather than with fluoroscopy) 


suggests that provided the proportion of Sherlock 3CG TCS patients (no X-ray) 


requiring reinsertion with fluoroscopy is no more than 70% less than the with bedside 


placement, Sherlock 3CG TCS will be cost saving (Figure C27).  The cost of insertion 


with fluoroscopy after initial insertion did not affect the direction of results for the 


range considered (Figure C28).  


Finally, two-way sensitivity analysis considering the cost and accuracy of PICC 


insertion and tip placement with Sherlock 3CG TCS (no X-ray) shows that where 


placement with the technology is 100% accurate the cost of insertion can be as high 


as below £324 per patient placement and still generate cost savings compared to 


placement without the technology.  


Scenario analysis 


The scenario analysis shows firstly that where all costs were increased or reduced by 


25% the outcome of the results (in terms of whether Sherlock was cost incurring or 


cost saving) remained the same as in the base case (Table C13).  Increasing and 


decreasing costs across the board may represent NHS settings with higher or lower 


costs than those used in the base case. Secondly, where the costs relating to 


insertion with Sherlock 3CG TCS only were increased or reduced by 25% the 


direction of results changed.  Increasing Sherlock 3CG TCS related costs by 25% 


meant that insertion with Sherlock 3CG TCS (with or without X-ray) was cost 


incurring versus blind beside placement with X-ray. Cost savings compared with 


insertion with fluoroscopy remained.  Where the costs related to Sherlock 3CG TCS 


reduced by 25% cost savings were generated against both blind bedside placement 


with X-ray and insertion with fluoroscopy regardless of whether or not insertion with 


Sherlock 3CG TCS required an X-ray. 
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Further, in the scenario where patients who experience tip placement failure with 


Sherlock 3CG TCS and therefore have blind insertion at the bedside, Sherlock 3CG 


TCS becomes cost-saving compared to both bedside placement and insertion with 


fluoroscopy.  This occurs because the second procedure required by 4% of patients 


in this scenario (insertion at the bedside) is cheaper than procedure used in the base 


case (insertion with fluoroscopy). 


Using costs of healthcare professionals with qualification costs (PSSRU, 2013) has 


little impact on any of the results. 


Finally, we considered the cost of insertion with fluoroscopy with the theatre cost 


removed (Walker et al., 2013).  This exploratory analysis was carried out as in the 


costs taken from Walker et al. the theatre cost for fluoroscopy is included, however 


there was some doubt around the inclusion of this cost. This theatre cost may not be 


generalisable to the NHS more widely. Firstly, the costs calculated by Walker et al. 


were specific to Raigmore hospital and the angiography laboratory in which PICC 


lines are inserted under fluoroscopy.  There may be large variation in this cost across 


NHS settings dependent on where the procedure is carried out.  Secondly, Walker et 


al. state that at Ragimore hospital PICC insertion with fluoroscopy prevents other 


procedures occurring.  This may not be the case in every NHS hospital.  


In this analysis, inclusion of the theatre cost means that the cost for insertion with 


fluoroscopy is much higher than for the other insertion methods.  However, other 


sources (albeit from outside of the UK) have provided evidence to suggest that PICC 


insertion with fluoroscopy is substantially more expensive than insertion at the 


bedside and insertion with Sherlock 3CG TCS (Naylor, 2007).  Naylor calculated the 


cost of insertion with fluoroscopy to be $700 compared with $305 for a previous 


version of Sherlock.  Pittiruti et al., state that fluoroscopy is not cost-effective and 


carried safety concerns due to X-ray exposure (Pittiruti et al., 2012).  Further, Walker 


et al. included theatre costs as these are genuine costs that were incurred to the 


hospital, meaning had we have excluded these costs in the base case we would 


have ignored costs that a hospital based analysis thought should be considered. 


The results of the scenario analysis with theatre costs removed in the insertion of 


PICC lines with fluoroscopy show that Sherlock 3CG TCS with X-ray is cost-incurring 


compared with both blind bedside insertion with X-ray and insertion with fluoroscopy.  


PICC line insertion with Sherlock 3CG (no X-ray) is cost saving over both 
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comparators with theatre costs removed.  The magnitudes of these cost savings are 


reduced compared to the base case, however.  


Threshold analysis 


The threshold analysis on the number of patients needing to utilise one Sherlock 


3CG TCS device per year demonstrates that where annual patient numbers suitable 


for device are less than 103, Sherlock 3CG TCS (no X-ray) will not be cost saving 


compared to bedside placement without the machine.  This occurs because the cost 


of purchasing the device and training nurses to use the device is not spread across 


enough patients to make the initial expenditure worthwhile.  


Changing the number of patients whilst lowering the unit cost of the machine and 


training does not alter the results of the model enough to generate cost-savings with 


Sherlock 3CG TCS plus X-ray.  Essentially this shows even if the machine had zero 


cost and required no training Sherlock 3CG TCS with confirmatory x-ray would not be 


cost saving compared to placement without the technology. 


The number of nurses trained per Sherlock 3CG TCS device has little impact of the 


results.  As this parameter does not substantially impact upon overall costs, the 


number of numbers trained can be very high and Sherlock 3CG TCS will remain cost 


saving versus insertion with fluoroscopy. Similarly, a reduction in the number of 


nurses trained does not generate cost savings for Sherlock 3CG TCS plus X-ray 


compared with blind placement. 


Threshold analysis on the time taken to insert a PICC line with Sherlock 3CG TCS 


shows that providing PICC tip placement with Sherlock 3CG TCS (either with or 


without an X-ray) does not take longer than 53 minutes (compared with 62.49 


minutes in the base case for blind bedside insertion), then Sherlock is cost saving.  


Compared with insertion with fluoroscopy, the time taken to insert and place a PICC 


line with Sherlock 3CG TCS can get very long (over 6 hours) and remain cost saving. 


Finally, threshold analysis was conducted to determine how low the cost of insertion 


with fluoroscopy could be whilst maintaining a cost-saving with Sherlock 3CG TCS 


both with and without an X-ray compared to the procedure.  This analysis was carried 


out to explore further situations whereby theatre costs may not be at the same level 


as calculated by Walker et al, 2013.  Compared with insertion with fluoroscopy, 


Sherlock 3CG TCS plus X-ray generates cost savings where insertion with 


fluoroscopy costs at least £324 per insertion.  Insertion with Sherlock 3CG TCS (no 
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X-ray) generates cost savings provided insertion with fluoroscopy costs at least £284 


per insertion.  


The cost of fluoroscopy also influences the cost savings generated by insertion with 


Sherlock 3CG TCS compared with blind bedside placement as this is the second line 


method for those patients experiencing initial failure.  As this affects less than 10% of 


patients the model is not that sensitive to changes in this cost in terms of insertion 


with Sherlock versus blind bedside placement.  The cost of fluoroscopy has to be 


above £1,235 for insertion with Sherlock 3CG TCS plus X-ray to be cost saving over 


blind bedside placement plus X-ray. For insertion with Sherlock 3CG TCS (no X-ray), 


even with a cost of fluoroscopy of £0, Sherlock 3CG TCS (no X-ray) is cost saving 


over blind bedside placement with X-ray. 


9.5.10 What are the key drivers of the cost results? 


The key drivers of the model are the cost of PICC line insertion (for each insertion 


method) and the success rate of placement at initial insertion with Sherlock 3CG TCS 


plus X-ray and with blind insertion at the bedside plus X-ray.  Although in the base 


case, Sherlock 3CG TCS is cost incurring versus blind bedside placement plus X-ray, 


where the success rate of Sherlock 3CG TCS is above 97.5% it becomes cost 


saving.  This was the case in two of the studies included in the clinical evidence 


submission: Barton, 2014 and Adams, 2013.  When considering insertion with 


Sherlock 3CG TCS plus X-ray with fluoroscopy the key driver is the cost of 


fluoroscopy (driven by inclusion or exclusion of theatre costs). 


The results for PICC placement with Sherlock 3CG TCS (no X-ray) are more robustly 


supportive of the technology being cost-saving.  This was the case even where 


theatre costs were excluded for the cost of PICC insertion and placement with 


fluoroscopy.  The key driver of this analysis was the cost of PICC insertion with 


Sherlock 3CG TCS.  


 


Miscellaneous results 


9.5.11 Describe any additional results that have not been specifically 


requested in this template. If none, please state. 


There are no additional results.  
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9.6 Subgroup analysis 


For many technologies, the capacity to benefit from treatment will differ for 


patients with differing characteristics. Sponsors are required to complete 


section 9.6 in accordance with the subgroups identified in the scope and for 


any additional subgroups considered relevant. 


Types of subgroups that are not considered relevant are those based solely 


on the following factors. 


 Subgroups based solely on differential treatment costs for individuals 


according to their social characteristics. 


 Subgroups specified in relation to the costs of providing treatment in 


different geographical locations within the UK (for example, if the costs of 


facilities available for providing the technology vary according to location). 
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No subgroups were defined within the scope and therefore no subgroup analysis has 


been carried out.  


9.7 Validation 


9.7.1 Describe the methods used to validate and cross-validate (for 


example with external evidence sources) and quality-assure the 


model. Provide references to the results produced and cross-


reference to evidence identified in the clinical and resources 


sections.  


The economic model was created in Microsoft Excel by one economist and checked 


by a second economist.  A third economist who had not been previously involved 


with the submission quality assessed the economic submission. 


An external clinical expert was used to validate the key resource assumptions within 


the model. 


Whilst the available published economic evidence described previously was limited, 


the findings here are consistent with that seen in those studies i.e. The introduction of 


Sherlock 3CG TCS was cost saving compared to bedside placement without use of 


this technology. 


9.8 Interpretation of economic evidence  


9.8.1 Are the results from this cost analysis consistent with the published 


economic literature? If not, why do the results from this evaluation 


differ, and why should the results in the submission be given more 


credence than those in the published literature? 


Two economic studies were identified within the economic evidence review (Adams 


et al., 2013 and Stewart et al., 2013).  As both studies were unpublished, limited 


information was provided around the methods utilised.  However, the available 


information suggested that the studies were of low methodological quality. Further, 


both studies were undertaken outside of the UK NHS and therefore have limited 


relevance to this submission.  In both studies PICC placement using Sherlock 3CG 


TCS with no X-ray to confirm tip location was compared with PICC placement at the 


bedside and both found the use of Sherlock 3CG TCS to be cost-saving.  In the 


current analysis, where PICC placement with Sherlock 3CG TCS and no confirmation 
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X-ray is compared with blind bedside placement plus X-ray cost-savings are 


generated.  The limited relevance to the UK NHS and the poor methodological quality 


of both Adams et al., 2013 and Stewart et al., 2013 precludes the ability to cross-


validate the results of this analysis with these studies, however the overall result of 


both this analysis and the two unpublished studies find Sherlock 3CG TCS (no X-ray) 


to be cost saving compared with bedside placement.  Naylor (2007) compared a 


previous version of Sherlock with fluoroscopy and similar to this analysis found 


Sherlock to be cost saving. 


9.8.2 Is the cost analysis relevant to all groups of patients and NHS 


settings in England that could potentially use the technology as 


identified in the scope? 


The scope specifies that analysis should be conducted for adults requiring PICC 


insertion.  Both inpatients and outpatients in secondary and tertiary care should be 


considered.  Scenario and sensitivity analysis has been conducted to attempt to 


explore cost differences that may exist between these settings.  By varying input 


parameters it is hoped that the analysis covers all NHS settings in which a PICC line 


may be placed.  


9.8.3 What are the main strengths and weaknesses of the analysis? How 


might these affect the interpretation of the results? 


The key strength of this analysis is the conservative approach to parameter values in 


the model. For example, the only UK based clinical study of Sherlock 3CG TCS 


reported a success rate of 100% accurate PICC placement (Barton, 2014).  Had this 


value, rather than 96%, been used the base case results would be more favourable 


for Sherlock 3CG TCS.  In addition, in questionnaires provided by NHS organisations 


currently using Sherlock 3CG TCS organisations reported either no or less than 1% 


malposition PICC tip placement with Sherlock 3CG TCS.  Prior to the use of Sherlock 


3CG TC, i.e. with blind beside placement plus X-ray, malposition rates were far 


higher (up to 40%).  The proportion of this requiring PICC line replacement (as 


opposed to adjustment) is unclear, however.  


A further strength of the submission is that extensive sensitivity and scenario 


analyses have been undertaken in an attempt to mitigate against the quality of data 


and generalisability of included studies.  
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There are various weaknesses of the analysis. Firstly, there is a lack of head to head 


trial data to incorporate into the model.  However, all studies reported higher 


accuracy rates between Sherlock 3CG TCS and conventional placement even if this 


was only discussed qualitatively.  As insertion with Sherlock 3CG (no X-ray) only has 


to be as effective as blind bedside placement in to be cost saving the evidence 


available, albeit not gold standard, supports our conclusions.  Second, the absence 


of any data from tertiary or outpatient use is a weakness of the analysis, however 


clinical advice has assured that this would make no difference to findings and Walker 


et al. find little difference in the cost of conventional placement between settings 


(Walker et al., 2013).  


The final weakness of the analysis is the uncertainty around cost input parameters 


and the generalisability of Raigmore hospital to the NHS more widely.  We have 


carried out extensive sensitivity analysis in an attempt to overcome this.   


9.8.4 What further analyses could be undertaken to enhance the 


robustness/completeness of the results? 


We contacted Walker for a breakdown of costs within his study, but as of submission 


to NICE a response had not been received. A breakdown of the costs calculated by 


Walker et al. would have allowed us to better understand his calculations and ensure 


we applied his costs accurately.  


Extensive sensitivity analysis was conducted in an attempt to mitigate against the 


paucity of good quality data available to populate the model and against variation in 


clinical practice that is likely to exist.  
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11 Appendices  


11.1 Appendix 1: Search strategy for clinical evidence 


(section 7.1.1)  


The following information should be provided: 


11.1.1 The specific databases searched and the service provider used (for 


example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 Medline 


 Embase 


 Medline (R) In-Process 


 The Cochrane Library. 


Response 


11.1.2 The date on which the search was conducted. 


Response 


11.1.3 The date span of the search. 


Response 


11.1.4 The complete search strategies used, including all the search 


terms: textwords (free text), subject index headings (for example, 


MeSH) and the relationship between the search terms (for 


example, Boolean). 


Response 


11.1.5 Details of any additional searches, such as searches of company or 


professional organisation databases (include a description of each 


database). 


Response 
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11.1.6 The inclusion and exclusion criteria. 


Response 


11.1.7 The data abstraction strategy. 


Response 


11.2 Appendix 2: Search strategy for adverse events 


(section 7.7.1) 


The following information should be provided. 


11.2.1 The specific databases searched and the service provider used (for 


example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 Medline 


 Embase 


 Medline (R) In-Process 


 The Cochrane Library. 


Response 


11.2.2 The date on which the search was conducted. 


Response 


11.2.3 The date span of the search. 


Response 


11.2.4 The complete search strategies used, including all the search 


terms: textwords (free text), subject index headings (for example, 


MeSH) and the relationship between the search terms (for 


example, Boolean). 


Response 
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11.2.5 Details of any additional searches (for example, searches of 


company databases [include a description of each database]). 


Response 


11.2.6 The inclusion and exclusion criteria. 


Response 


11.2.7 The data abstraction strategy. 


Response 


11.3 Appendix 3: Search strategy for economic evidence 


(section 8.1.1) 


The following information should be provided. 


11.3.1 The specific databases searched and the service provider used (for 


example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 Medline 


 Embase 


 Medline (R) In-Process 


 EconLIT 


 NHS EED. 


The following databases were searched: 


• MEDLINE and MEDLINE In-Process (via OvidSP) 


• EMBASE (via OvidSP) 


• Econlit (via OvidSP) 


• NHS Economic Evaluation Database (via Cochrane Library/Wiley 


Interscience) 


• Health Technology Assessment Database (via Cochrane Library/Wiley 


Interscience) 
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• Health Economic Evaluations Database (via EBSCOhost) 


• CEA (Cost-Effectiveness Analysis) Registry (via https://research.tufts-


nemc.org/cear4/Home.aspx) 


• ClinicalTrials.gov (via https://clinicaltrials.gov/ct2/home) 


• International Clinical Trials Registry Platform (ICTRP) (via 


http://apps.who.int/trialsearch/) 


• metaRegister of Controlled Trials (mRCT) (via http://www.controlled-


trials.com/mrct/) 


• Conference Proceedings Citation Index- Science (CPCI-S) - 1990-


present (via Web of Science) 


Details of additional sources used are given in section 10.3.5. 


11.3.2 The date on which the search was conducted. 


For search dates, see details of search strategies given in section 10.3.4 


below. 


11.3.3 The date span of the search. 


The search was limited to studies published from 2000 to date. 


11.3.4 The complete search strategies used, including all the search 


terms: textwords (free text), subject index headings (for example, 


MeSH) and the relationship between the search terms (for 


example, Boolean). 


The database search strategies are detailed below (sources A.1 to A.11). 


A.1: Source: Ovid MEDLINE(R) In-Process & Other Non-Indexed 


Citations and Ovid MEDLINE(R) 1946 to Present 


Interface / URL: OvidSP 


Search date: 03/07/14 
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Retrieved records: 234 


Search strategy: 


 


1 Catheterization/ 46020  


2 Catheterization, Central Venous/ 11823  


3 exp Catheterization, Peripheral/ 8496  


4 Cardiac Catheterization/ 39425  


5 exp Catheters/ 18714  


6 (catheter$ or cannula$ or canula$).ti,ab,kf. 187212  


7 (CVC or CVCs or PICC or PICCs).ti,ab,kf. 3317  


8 (PIC adj3 line$).ti,ab,kf. 30  


9 (central adj3 line$).ti,ab,kf. 3626  


10 (venous adj3 line$).ti,ab,kf. 1608  


11 or/1-10 243386  


12 Electrocardiography/ 164466  


13 (electrocardiogram$ or cardiogram$ or electrocardiograph$ or 


cardiograph$ or ecg or ecgs or ekg or ekgs).ti,ab,kf. 112087  


14 Magnetics/ 21743  


15 Magnets/ 780  


16 exp Magnetic Fields/ 16101  


17 magnetic phenomena/ or electromagnetic phenomena/ 5600  


18 (magnet$ or electromagnet$).ti,ab,kf. 330044  







Sponsor submission of evidence  141 of 197 


19 (real-time$ or realtime$).ti,ab,kf. 140425  


20 (malposition$ or mal-position$).ti,ab,kf. 4766  


21 ((tip or tips) adj5 (confirm$ or verif$ or locat$ or place$ or placing or 


misplace$ or misplacing or position$ or guid$)).ti,ab,kf. 6022  


22 (TCS or TCSs or TPS or TPSs).ti,ab,kf. 5494  


23 sapiens$.ti,ab,kf. 3010  


24 or/12-23 695779  


25 sherlock$.ti,ab,kf. 266  


26 powerpicc$.ti,ab,kf. 3  


27 or/25-26 269  


28 economics/ 26987  


29 exp "costs and cost analysis"/ 181481  


30 economics, dental/ 1855  


31 exp "economics, hospital"/ 19528  


32 economics, medical/ 8609  


33 economics, nursing/ 3916  


34 economics, pharmaceutical/ 2539  


35 (economic$ or cost or costs or costly or costing or price or prices or 


pricing or pharmacoeconomic$).ti,ab. 470429  


36 (expenditure$ not energy).ti,ab. 18694  


37 value for money.ti,ab. 984  


38 budget$.ti,ab. 19256  
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39 or/28-38 597354  


40 ((energy or oxygen) adj cost).ti,ab. 2916  


41 (metabolic adj cost).ti,ab. 842  


42 ((energy or oxygen) adj expenditure).ti,ab. 17174  


43 or/40-42 20187  


44 39 not 43 592775  


45 11 and 24 and 44 446  


46 27 and 44 6  


47 45 or 46 452  


48 exp animals/ not humans/ 3954113  


49 (news or comment or editorial).pt. 987033  


50 47 not (48 or 49) 433  


51 limit 50 to (english language and yr="2000 -Current") 235  


52 remove duplicates from 51 234 


 


A.2: Source: Embase 1974 to 2014 July 02 


Interface / URL: OvidSP 


Search date: 03/07/14 


Retrieved records: 590 


Search strategy: 
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1 catheterization/ 36009  


2 central venous catheterization/ 6948  


3 heart catheterization/ 47605  


4 exp catheter/ 100048  


5 exp catheter complication/ 13685  


6 (catheter$ or cannula$ or canula$).ti,ab,kw. 248785  


7 (CVC or CVCs or PICC or PICCs).ti,ab,kw. 5186  


8 (PIC adj3 line$).ti,ab,kw. 35  


9 (central adj3 line$).ti,ab,kw. 5504  


10 (venous adj3 line$).ti,ab,kw. 2302  


11 or/1-10 322633  


12 cardiography/ or electrocardiography/ or electrocardiography 


monitoring/ 132907  


13 cardiograph/ or electrocardiograph/ 224  


14 (electrocardiogram$ or cardiogram$ or electrocardiograph$ or 


cardiograph$ or ecg or ecgs or ekg or ekgs).ti,ab,kw. 142088  


15 electronic sensor/ 1361  


16 "magnetic and electromagnetic equipment"/ 1876  


17 exp magnetism/ 56069  


18 (magnet$ or electromagnet$).ti,ab,kw. 376092  


19 (real-time$ or realtime$).ti,ab,kw. 186357  


20 positioning device/ 90  
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21 (malposition$ or mal-position$).ti,ab,kw. 5929  


22 ((tip or tips) adj5 (confirm$ or verif$ or locat$ or place$ or placing or 


misplace$ or misplacing or position$ or guid$)).ti,ab,kw. 7741  


23 (TCS or TCSs or TPS or TPSs).ti,ab,kw. 7302  


24 sapiens$.ti,ab,kw,dv. 3582  


25 or/12-24 806354  


26 sherlock$.ti,ab,kw,dv. 307  


27 powerpicc$.ti,ab,kw,dv. 12  


28 or/26-27 319  


29 health-economics/ 33666  


30 exp economic-evaluation/ 212723  


31 exp health-care-cost/ 205727  


32 exp pharmacoeconomics/ 167000  


33 (econom$ or cost or costs or costly or costing or price or prices or 


pricing or pharmacoeconomic$).ti,ab. 612751  


34 (expenditure$ not energy).ti,ab. 24184  


35 (value adj2 money).ti,ab. 1397  


36 budget$.ti,ab. 24505  


37 or/29-36 908792  


38 (metabolic adj cost).ti,ab. 904  


39 ((energy or oxygen) adj cost).ti,ab. 3166  


40 ((energy or oxygen) adj expenditure).ti,ab. 20341  
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41 or/38-40 23592  


42 37 not 41 903659  


43 11 and 25 and 42 852  


44 28 and 42 12  


45 43 or 44 862  


46 (animal/ or animal experiment/ or animal model/ or animal tissue/ or 


nonhuman/) not exp human/ 4958662  


47 editorial.pt. 451437  


48 45 not (46 or 47) 827  


49 limit 48 to (english language and yr="2000 -Current") 597  


50 remove duplicates from 49 590  


 


A.3: Source: Econlit 1886 to May 2014 


Interface / URL: OvidSP 


Search date: 04/07/14 


Retrieved records: 4 


Search strategy: 


 


1     (catheter$ or cannula$).af. (30) 


2     (CVC or CVCs or PICC or PICCs).af. (25) 


3     (PIC adj3 line$).af. (1) 


4     (central adj3 line$).af. (45) 
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5     (venous adj3 line$).af. (0) 


6     or/1-5 (101) 


7     (magnet$ or electromagnet$).af. (330) 


8     (real-time$ or realtime$).af. (2092) 


9     (malposition$ or mal-position$).af. (0) 


10     ((tip or tips) adj5 (confirm$ or verif$ or locat$ or place$ or placing or 


misplace$ or misplacing or position$ or guid$)).af. (10) 


11     (TCS or TCSs or TPS or TPSs).af. (75) 


12     sapiens$.af. (35) 


13     or/7-12 (2539) 


14     sherlock$.ti,ab. (8) 


15     powerpicc$.ti,ab. (0) 


16     or/14-15 (8) 


17     6 and 13 (1) 


18     or/16-17 (9) 


19     limit 18 to (yr="2000 -Current" and english) (4) 


 


A.4: Source: Health Technology Assessment (HTA) Database - Issue 2 


of 4, Apr 2014 


Interface / URL: Cochrane Library/Wiley Interscience 


Search date: 03/07/14 


Retrieved records: 14 
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Search strategy: 


 


#1 [mh ^Catheterization]  1478 


#2 [mh ^"Catheterization, Central Venous"]  773 


#3 [mh "Catheterization, Peripheral"]  717 


#4 [mh ^"Cardiac Catheterization"]  982 


#5 [mh Catheters]  1138 


#6 (catheter* or cannula* or canula*)  16074 


#7 (CVC or CVCs or PICC or PICCs)  394 


#8 (PIC near/3 line*)  3 


#9 (central near/3 line*)  299 


#10 (venous near/3 line*)  212 


#11 {or #1-#10}  16342 


#12 [mh ^Electrocardiography]  6685 


#13 (electrocardiogram* or cardiogram* or electrocardiograph* or 


cardiograph* or ecg or ecgs or ekg or ekgs)  14452 


#14 [mh ^Magnetics]  308 


#15 [mh ^Magnets]  10 


#16 [mh "Magnetic Fields"]  353 


#17 [mh ^"magnetic phenomena"] or [mh ^"electromagnetic phenomena"] 


 117 


#18 (magnet* or electromagnet*)  13162 
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#19 (real-time* or realtime*)  2312 


#20 (malposition* or mal-position*)  202 


#21 ((tip or tips) near/5 (confirm* or verif* or locat* or place* or placing or 


misplace* or misplacing or position* or guid*))  336 


#22 (TCS or TCSs or TPS or TPSs)  214 


#23 sapiens*  9 


#24 {or #12-#23}  30107 


#25 sherlock*  110 


#26 powerpicc*  1 


#27 #25 or #26  111 


#28 #11 and #24  1480 


#29 #27 or #28  1590 


#30 #29 Publication Year from 2000 to 2014, in Technology Assessments


 14 


 


A.5: Source: NHS Economic Evaluation Database (NHS EED) - Issue 2 


of 4, Apr 2014 


Interface / URL: Cochrane Library/Wiley Interscience 


Search date: 03/07/14 


Retrieved records: 48 


Search strategy: 


 


#1 [mh ^Catheterization]  1478 
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#2 [mh ^"Catheterization, Central Venous"]  773 


#3 [mh "Catheterization, Peripheral"]  717 


#4 [mh ^"Cardiac Catheterization"]  982 


#5 [mh Catheters]  1138 


#6 (catheter* or cannula* or canula*)  16074 


#7 (CVC or CVCs or PICC or PICCs)  394 


#8 (PIC near/3 line*)  3 


#9 (central near/3 line*)  299 


#10 (venous near/3 line*)  212 


#11 {or #1-#10}  16342 


#12 [mh ^Electrocardiography]  6685 


#13 (electrocardiogram* or cardiogram* or electrocardiograph* or 


cardiograph* or ecg or ecgs or ekg or ekgs)  14452 


#14 [mh ^Magnetics]  308 


#15 [mh ^Magnets]  10 


#16 [mh "Magnetic Fields"]  353 


#17 [mh ^"magnetic phenomena"] or [mh ^"electromagnetic phenomena"] 


 117 


#18 (magnet* or electromagnet*)  13162 


#19 (real-time* or realtime*)  2312 


#20 (malposition* or mal-position*)  202 


#21 ((tip or tips) near/5 (confirm* or verif* or locat* or place* or placing or 


misplace* or misplacing or position* or guid*))  336 
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#22 (TCS or TCSs or TPS or TPSs)  214 


#23 sapiens*  9 


#24 {or #12-#23}  30107 


#25 sherlock*  110 


#26 powerpicc*  1 


#27 #25 or #26  111 


#28 #11 and #24  1480 


#29 #27 or #28  1590 


#30 #29 Publication Year from 2000 to 2014, in Technology Assessments


 14 


#31 #29 Publication Year from 2000 to 2014, in Economic Evaluations 48 


 


A.6: Source: HEED: Health Economic Evaluations Database 


Interface / URL: EBSCOhost 


Search date: 03/07/14 


Retrieved records: 18 


Search strategy: 


 


S19 S15 OR S16 OR S17 Limiters - Published Date: 20000101-20141231; 


Language: English 18 


S18 S15 OR S16 OR S17 45 


S17 TX(powerpicc*) 0 
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S16 TX(sherlock*) 7 


S15 S6 AND S14 38 


S14 S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 810 


S13 TX(sapiens*) 0 


S12 TX(TCS OR TCSs OR TPS OR TPSs) 1 


S11 TX((tip OR tips) N5 (confirm* OR verif* OR locat* OR place* OR 


placing OR misplace* OR misplacing OR position* OR guid*)) 5 


S10 TX(malposition* OR "mal-position*") 7 


S9 TX("real-time*" OR realtime*) 56 


S8 TX(magnet* OR electromagnet*) 454 


S7 TX(electrocardiogram* OR cardiogram* OR electrocardiograph* OR 


cardiograph* OR ecg OR ecgs OR ekg OR ekgs) 301 


S6 S1 OR S2 OR S3 OR S4 OR S5 805 


S5 TX(venous N3 line*) 15 


S4 TX(central N3 line*) 27 


S3 TX(PIC N3 line*) 1 


S2 TX(CVC OR CVCs OR PICC OR PICCs) 18 


S1 TX(catheter* OR cannula* OR canula*) 797 


 


A.7: Source: Conference Proceedings Citation Index- Science (CPCI-S) 


- 1990-present (via Web of Science) 


Interface / URL: Web of Science 


Search date: 03/07/14 
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Retrieved records: 55 


Search strategy: 


   


# 32 55 (#30 not #31) AND LANGUAGE: (English)   Timespan=2000-2014 


   


# 31 194,166  TI=("rat" or "rats" or "rodent" or "rodents" or "mouse" or "mice" 


or "murine" or "hamster" or "hamsters" or "animal" or "animals" or "dogs" or 


"dog" or "pig" or "pigs" or piglet* or "swine" or "swines" or "cats" or "bovine" or 


"cow" or "cows" or "cattle" or buffalo* or "sheep" or "ewe" or "ewes" or "lamb" 


or "lambs" or "horse" or "horses" or "equine" or "ovine" or "porcine" or 


"monkey" or "monkeys" or "rhesus macaque" or "rhesus macaques" or "rabbit" 


or "rabbits") NOT TS=(human*)  


   


# 30 72 #29 OR #28  


   


# 29 5 #27 AND #17  


   


# 28 67 #27 AND #14 AND #6  


   


# 27 351,049 #22 not #26  


   


# 26 5,728 #25 OR #24 OR #23  


   


# 25 2,613 TS=(("energy" or "oxygen") near/1 "expenditure")  
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# 24 120 TS=("metabolic" near/1 "cost")  


   


# 23 3,093 TS=(("energy" or "oxygen") near/1 "cost")  


   


# 22 354,435  #21 OR #20 OR #19 OR #18  


   


# 21 15,143 TS=(budget*)  


   


# 20 160 TS=("value for money")  


   


# 19 3,320 TS=(expenditure* not "energy")  


   


# 18 341,359 TS=(economic* or "cost" or "costs" or "costly" or "costing" or 


"price" or "prices" or "pricing" or pharmacoeconomic*)  


   


# 17 56 #16 OR #15  


   


# 16 0 TS=(powerpicc*)  


   


# 15 56 TS=(sherlock*)  
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# 14 443,857 #13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7  


   


# 13 354 TS=(sapiens*)  


   


# 12 2,174 TS=("TCS" or "TCSs" or "TPS" or "TPSs")  


   


# 11 1,965 TS=(("tip" or "tips") near/5 (confirm* or verif* or locat* or place* or 


"placing" or misplace* or "misplacing" or position* or guid*))  


   


# 10 292 TS=(malposition* or "mal-position*")  


   


# 9 128,954 TS=("real-time*" or realtime*)  


   


# 8 302,082 TS=(magnet* or electromagnet*)  


   


# 7 13,504 TS=(electrocardiogram* or cardiogram* or electrocardiograph* 


or cardiograph* or "ecg" or "ecgs" or "ekg" or "ekgs")  


   


# 6 16,701 #5 OR #4 OR #3 OR #2 OR #1  


   


# 5 136 TS=("venous" near/3 line*)  
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# 4 977 TS=("central" near/3 line*)  


   


# 3 58 TS=("PIC" near/3 line*)  


   


# 2 660 TS=("CVC" or "CVCs" or "PICC" or "PICCs")  


   


# 1 15,220 TS=(catheter* or cannula* or cannula*)  


   


A.8: Source: ClinicalTrials.gov 


Interface / URL: https://clinicaltrials.gov/ct2/home 


Search date: 03/07/14 – 04/07/14 


Retrieved records: 58 


Search strategy: 


 


Advanced interface used at: https://clinicaltrials.gov/ct2/search/advanced.  


Following searches run separately.  Terms inserted using Expert Search 


option: 


 


1. ( ( catheter OR catheterise OR catheterises OR catheterizes OR cannula 


OR cannulate OR cannulates OR cannulating OR cannulation OR canulates 


OR CVC OR CVCs OR PICC OR PICCs OR "PIC line" OR "PIC lines" OR 


"central line" OR "central lines" OR "venous line" OR "venous lines" ) AND ( 


electrocardiogram OR cardiogram OR electrocardiograph OR cardiograph OR 


electrocardiograms OR cardiograms OR electrocardiographs OR 



https://clinicaltrials.gov/ct2/search/advanced
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cardiographs OR electrocardiogramy OR cardiogramy OR 


electrocardiography OR cardiography OR ecg OR ecgs OR ekg OR ekgs OR 


magnet OR magnets OR magnetic OR magnetics OR magnetism OR 


electromagnet OR electromagnets OR electromagnetic OR electromagnetics 


OR electromagnetism OR "real-time" OR realtime OR malposition OR 


malpositions OR malpositioned OR malpositioning OR "mal-position" OR 


"mal-positions" OR "mal-positioned" OR "mal-positioning" OR tip OR tips OR 


TCS OR TCSs OR TPS OR TPSs OR sapiens OR sapiensr OR sapienstm ) 


AND ( economic OR economics OR economically OR cost OR costs OR 


costly OR costing OR price OR prices OR pricing OR pharmacoeconomic OR 


pharmacoeconomics OR pharmacoeconomically OR expenditure OR money 


OR budget OR budgets ) ) [ALL-FIELDS] AND ( "01/01/2000" : "07/04/2014" ) 


[FIRST-RECEIVED-DATE] = 47 


 


2. ( sherlock OR sherlocktm OR sherlockr OR powerpicc OR powerpicctm OR 


powerpiccr ) [ALL-FIELDS] = 11 


 


A.9: Source: International Clinical Trials Registry Platform (ICTRP) 


Interface / URL: http://apps.who.int/trialsearch/ 


Search date: 04/07/14 


Retrieved records: 143 


Search strategy: 


 


Following searches run separately (using default search interface). 


 


1. 16 records for 14 trials found for: catheter* AND electrocardiogram* OR 


cannula* AND electrocardiogram* OR canula* AND electrocardiogram* OR 
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CVC AND electrocardiogram* OR CVCs AND electrocardiogram* OR PICC 


AND electrocardiogram* OR PICCs AND electrocardiogram* OR PIC line* 


AND electrocardiogram* OR central line* AND electrocardiogram* OR venous 


line* AND electrocardiogram* 


 


2. No results were found for: catheter* AND cardiogram* OR cannula* AND 


cardiogram* OR canula* AND cardiogram* OR CVC AND cardiogram* OR 


CVCs AND cardiogram* OR PICC AND cardiogram* OR PICCs AND 


cardiogram* OR PIC line* AND cardiogram* OR central line* AND 


cardiogram* OR venous line* AND cardiogram*    


 


3. 10 records for 10 trials found for: catheter* AND electrocardiograph* OR 


cannula* AND electrocardiograph* OR canula* AND electrocardiograph* OR 


CVC AND electrocardiograph* OR CVCs AND electrocardiograph* OR PICC 


AND electrocardiograph* OR PICCs AND electrocardiograph* OR PIC line* 


AND electrocardiograph* OR central line* AND electrocardiograph* OR 


venous line* AND electrocardiograph* 


 


4. No results were found for: catheter* AND cardiograph* OR cannula* AND 


cardiograph* OR canula* AND cardiograph* OR CVC AND cardiograph* OR 


CVCs AND cardiograph* OR PICC AND cardiograph* OR PICCs AND 


cardiograph* OR PIC line* AND cardiograph* OR central line* AND 


cardiograph* OR venous line* AND cardiograph* 


 


5. 27 records for 25 trials found for: catheter* AND ecg* OR cannula* AND 


ecg* OR canula* AND ecg* OR CVC AND ecg* OR CVCs AND ecg* OR 


PICC AND ecg* OR PICCs AND ecg* OR PIC line* AND ecg* OR central line* 


AND ecg* OR venous line* AND ecg* 
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6. 1 trial found for: catheter* AND ekg* OR cannula* AND ekg* OR canula* 


AND ekg* OR CVC AND ekg* OR CVCs AND ekg* OR PICC AND ekg* OR 


PICCs AND ekg* OR PIC line* AND ekg* OR central line* AND ekg* OR 


venous line* AND ekg* 


 


7. 35 records for 35 trials found for: catheter* AND magnet* OR cannula* AND 


magnet* OR canula* AND magnet* OR CVC AND magnet* OR CVCs AND 


magnet* OR PICC AND magnet* OR PICCs AND magnet* OR PIC line* AND 


magnet* OR central line* AND magnet* OR venous line* AND magnet* 


 


8. No results were found for: catheter* AND electromagnet* OR cannula* AND 


electromagnet* OR canula* AND electromagnet* OR CVC AND 


electromagnet* OR CVCs AND electromagnet* OR PICC AND electromagnet* 


OR PICCs AND electromagnet* OR PIC line* AND electromagnet* OR central 


line* AND electromagnet* OR venous line* AND electromagnet* 


 


7. 20 records for 20 trials found for: catheter* AND real-time* OR cannula* 


AND real-time* OR canula* AND real-time* OR CVC AND real-time* OR 


CVCs AND real-time* OR PICC AND real-time* OR PICCs AND real-time* OR 


PIC line* AND real-time* OR central line* AND real-time* OR venous line* 


AND real-time* 


 


8. No results were found for: catheter* AND realtime* OR cannula* AND 


realtime* OR canula* AND realtime* OR CVC AND realtime* OR CVCs AND 


realtime* OR PICC AND realtime* OR PICCs AND realtime* OR PIC line* 


AND realtime* OR central line* AND realtime* OR venous line* AND realtime* 
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9. 1 trial found for: catheter* AND malposition* OR cannula* AND malposition* 


OR canula* AND malposition* OR CVC AND malposition* OR CVCs AND 


malposition* OR PICC AND malposition* OR PICCs AND malposition* OR 


PIC line* AND malposition* OR central line* AND malposition* OR venous 


line* AND malposition*   


 


10. 1 trial found for: catheter* AND mal-position* OR cannula* AND mal-


position* OR canula* AND mal-position* OR CVC AND mal-position* OR 


CVCs AND mal-position* OR PICC AND mal-position* OR PICCs AND mal-


position* OR PIC line* AND mal-position* OR central line* AND mal-position* 


OR venous line* AND mal-position*    


 


11. 2 records for 2 trials found for: catheter* AND tips OR cannula* AND tips 


OR canula* AND tips OR CVC AND tips OR CVCs AND tips OR PICC AND 


tips OR PICCs AND tips OR PIC line* AND tips OR central line* AND tips OR 


venous line* AND tips 


 


12. 16 records for 16 trials found for: catheter tip OR cannula tip OR canula tip 


OR cannulae tip OR canulae tip OR CVC tip OR CVCs tip OR PICC tip OR 


PICCs tip OR PIC line tip OR central line tip OR venous line tip OR catheters 


tip OR cannulas tip OR canulas tip OR PIC lines tip OR central lines tip OR 


venous lines tip 


 


13. 5 records for 5 trials found for: 5 records for 5 trials found for: catheter* 


AND tip location* OR cannula* AND tip location* OR canula* AND tip location* 


OR CVC AND tip location* OR CVCs AND tip location* OR PICC AND tip 


location* OR PICCs AND tip location* OR PIC line* AND tip location* OR 


central line* AND tip location* OR venous line* AND tip location* 
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14. 2 records for 2 trials found for: catheter* AND tip placement* OR cannula* 


AND tip placement* OR canula* AND tip placement* OR CVC AND tip 


placement* OR CVCs AND tip placement* OR PICC AND tip placement* OR 


PICCs AND tip placement* OR PIC line* AND tip placement* OR central line* 


AND tip placement* OR venous line* AND tip placement* 


 


15. 1 trial found for: catheter* AND tip AND cost* OR cannula* AND tip AND 


cost* OR canula* AND tip AND cost* OR CVC AND tip AND cost* OR CVCs 


AND tip AND cost* OR PICC AND tip AND cost* OR PICCs AND tip AND 


cost* OR PIC line* AND tip AND cost* OR central line* AND tip AND cost* OR 


venous line* AND tip AND cost*    


 


16. No results were found for: catheter* AND tip* AND economic* OR 


cannula* AND tip* AND economic* OR canula* AND tip* AND economic* OR 


CVC AND tip* AND economic* OR CVCs AND tip* AND economic* OR PICC 


AND tip* AND economic* OR PICCs AND tip* AND economic* OR PIC line* 


AND tip* AND economic* OR central line* AND tip* AND economic* OR 


venous line* AND tip* AND economic*    


 


17. No results were found for: catheter* AND TCS* OR cannula* AND TCS* 


OR canula* AND TCS* OR CVC AND TCS* OR CVCs AND TCS* OR PICC 


AND TCS* OR PICCs AND TCS* OR PIC line* AND TCS* OR central line* 


AND TCS* OR venous line* AND TCS*    


 


18. 1 trial found for: catheter* AND TPS* OR cannula* AND TPS* OR canula* 


AND TPS* OR CVC AND TPS* OR CVCs AND TPS* OR PICC AND TPS* 
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OR PICCs AND TPS* OR PIC line* AND TPS* OR central line* AND TPS* 


OR venous line* AND TPS* 


 


19. 9 records for 9 trials found for: sherlock* OR powerpicc* 


 


A.10: Source: metaRegister of Controlled Trials (mRCT) 


Interface / URL: http://www.controlled-trials.com/mrct/ 


Search date: 04/07/14 


Retrieved records: 103 


Search strategy: 


 


All registers selected for search, apart from the NIH ClinicalTrials.gov Register 


(International) - subset of randomised trial records – searched directly via 


ClinicalTrials.gov (see above) 


 


Following searches carried out separately: 


 


catheter* AND cost* = 56 


cannula* AND cost* = 6 


canula* AND cost* = 0 


CVC AND cost* = 5 


CVC* AND cost* = 6 


PICC* AND cost* = 4 
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"PIC line*" AND cost* = 0 


"central line*" AND cost* = 3 


"venous line*" AND cost* = 1 


catheter* AND economic* = 15 


cannula* AND economic* = 0 


canula* AND economic* = 0 


CVC* AND economic* = 3 


PICC* AND economic* - 0 


"PIC line*" AND economic* = 0 


"central line*" AND economic* = 0 


"venous line*" AND economic* = 1 


catheter* AND price* = 1 


cannula* AND price* = 0 


canula* AND price* = 0 


CVC* AND price* = 0 


PICC* AND price* = 0 


"PIC line*" AND price* = 0 


"central line*" AND price* = 0 


"venous line*" AND price* = 0 


catheter* AND pharmacoeconomic* = 0 


cannula* AND pharmacoeconomic* = 0 
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canula* AND pharmacoeconomic* = 0 


CVC* AND pharmacoeconomic* = 0 


PICC* AND pharmacoeconomic* = 0 


"PIC line*" AND pharmacoeconomic* = 0 


"central line*" AND pharmacoeconomic* = 0 


"venous line*" AND pharmacoeconomic* = 0 


catheter* AND expenditure* = 0 


cannula* AND expenditure* = 0 


canula* AND expenditure* = 0 


CVC* AND expenditure* = 0 


PICC* AND expenditure* = 0 


"PIC line*" AND expenditure* = 0 


"central line*" AND expenditure* = 0 


"venous line*" AND expenditure* = 1 


catheter* AND money* = 0 


cannula* AND money* = 0 


canula* AND money* = 0 


CVC* AND money* = 0 


PICC* AND money* = 0 


"PIC line*" AND money* = 0 


"central line*" AND money* = 0 
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"venous line*" AND money* = 0 


catheter* AND budget* = 0 


cannula* AND budget* = 1 


canula* AND budget* = 0 


CVC* AND budget* = 0 


PICC* AND budget* = 0 


"PIC line*" AND budget* = 0 


"central line*" AND budget* = 0 


"venous line*" AND budget* = 0 


sherlock* OR powerpicc* = 0 


 


A.11: Source: CEA (Cost-Effectiveness Analysis) Registry 


Interface / URL: https://research.tufts-nemc.org/cear4/Home.aspx 


Search date: 04/07/14 


Retrieved records: 65 


Search strategy: 


 


Following searches carried out separately.  Only results with a publication 


date of 2000 or later were downloaded:  


 


Catheter = 41 


Catheters = 7 
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Catheterise = 0 


Catheterises = 0 


Catheterisation = 0 


Catheterisations = 0 


Catheterised = 0 


Catheterising = 0 


Catheterize = 1 


Catheterizes = 0 


Catheterization = 11 


Catheterizations = 1 


Catheterized = 1 


Catheterizing = 0 


Cannula = 1 


Cannulas = 0 


Cannulae = 0 


Cannulate = 1 


Cannulated = 1 


Cannualtes = 0 


Cannulating = 0 


Cannulation = 0 


Canula = 0 
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Canulas = 0 


Canulae = 0 


Canulate = 0 


Canulated = 0 


Canualtes = 0 


Canulating = 0 


Canulation = 0 


CVC = 0 (2 records returned – excluded as duplicates) 


CVCs = 0 (1 record returned – excluded as duplicate) 


PICC = 0 


PICCs = 0 


PIC line = 0 


PIC lines = 0 


central line = 0 


central lines =0 


venous line = 0  


venous lines = 0 


sherlock = 0 


powerpicc = 0 
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11.3.5 Details of any additional searches (for example, searches of 


company databases [include a description of each database]). 


Additional methods used to identify ongoing and recently completed research 


included searching the websites of key conferences to identify conference 


abstracts for the last 3 years, searching the websites of relevant 


organisations, searching Google, and communication with BARD.  Details are 


given below (sources A.12 – A.27). 


Conference abstract search 


 


Websites of the following conferences were searched to identify conference 


abstracts for the last 3 years.  The conferences were identified through 


discussion between the research team. If abstracts were not found freely 


available online and could not be provided by the conference organiser, no 


further search was carried out. 


 


A.12: Source: Association for Vascular Access (AVA) Annual Meeting  


Interface / URL: see below 


Search date: 10/07/14; 18/07/14 


Retrieved records: 12 


Search strategy: 


 


2014: meeting to be held in September 2014. 
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2013: poster abstracts available at: 


http://www.eventscribe.com/2013/posters/ava/home.asp?linkid=282068&navit


emid=1146 


 


Search function used.  Searches on following terms carried out: 


 


sherlock  


powerpicc  


sapiens  


electrocard 


cardiogram  


cardiograph 


ecg  


ekg  


magnet 


malposition  


mal-position 


tip location  


tip confirmation  


tip position  


 


Results were screened for potential relevance. 5 records were retrieved for 


consideration 



http://www.eventscribe.com/2013/posters/ava/home.asp?linkid=282068&navitemid=1146

http://www.eventscribe.com/2013/posters/ava/home.asp?linkid=282068&navitemid=1146
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2012 / 2011. Unable to locate poster abstracts online – contacted AVA to 


query 07/07/14.  AVA confirmed that abstracts from 2012 and 2011 are not 


available online anywhere, and not available to be sent for viewing.   


 


2012:  Only program schedule available to search – includes abstracts for oral 


presentations and titles of posters.  


 


https://www.avainfo.org/website/download.asp?id=281442 


 


Ctrl-F searches on following terms carried out: 


 


sherlock  


powerpicc  


sapiens  


electrocard 


cardiogram  


cardiograph 


ecg  


ekg  


magnet 


malposition  


mal-position 



https://www.avainfo.org/website/download.asp?id=281442
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tip location  


tip confirmation  


tip position  


 


Results were screened for potential relevance. 3 records were retrieved for 


consideration 


 


2011:  Only program schedule available to search – includes title information 


on oral abstracts for oral presentations, no information on posters. 


 


https://www.avainfo.org/website/download.asp?id=280450 


 


Ctrl-F searches on following terms carried out: 


 


sherlock  


powerpicc  


sapiens  


electrocard 


cardiogram  


cardiograph 


ecg  


ekg  







Sponsor submission of evidence  171 of 197 


magnet 


malposition  


mal-position 


tip location  


tip confirmation  


tip position  


 


Results were screened for potential relevance. 4 records were retrieved for 


consideration 


 


A.13: Source: World Congress of Vascular Access (WoCoVA) 


Interface / URL: see below 


Search date: 08/07/14 


Retrieved records: 5 


Search strategy: 


 


2014: 3rd. Berlin (June) 


 


Searched via: http://www.vascular-access.info/article/wocova-2014-abstracts 


 


Ctrl F searches carried out across the following pdf file to identify relevant 


studies: Download JVA_2014_3_193-239_JVA-D-14-



http://www.vascular-access.info/article/wocova-2014-abstracts
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00120_ABSTRACTS_WoCoVA.pdf.  Searches carried out for the following 


terms.   


 


sherlock  


powerpicc  


sapiens  


electrocard  


cardiogram  


cardiograph  


ecg  


ekg  


magnet  


malposition  


mal-position  


tip location  


tip confirmation  


tip position  


 


Results were screened for potential relevance. 4 records were retrieved for 


consideration. 


 


2012: 2nd. Amsterdam. 
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Searched via: http://www.vascular-access.info/article/abstracts-from-wocova-


2nd-world-congress-on-vascular-access--amsterdam-the-netherlands--june-


27-29-2012 


 


Ctrl F searches carried out across the following pdf file to identify relevant 


studies: Download JVA_ABS_WOCoVA.pdf. Searches carried out for the 


following terms.  


 


sherlock  


powerpicc  


sapiens  


electrocard  


cardiogram  


cardiograph  


ecg  


ekg  


magnet  


malposition  


mal-position  


tip location  


tip confirmation  


tip position  



http://www.vascular-access.info/article/abstracts-from-wocova-2nd-world-congress-on-vascular-access--amsterdam-the-netherlands--june-27-29-2012

http://www.vascular-access.info/article/abstracts-from-wocova-2nd-world-congress-on-vascular-access--amsterdam-the-netherlands--june-27-29-2012

http://www.vascular-access.info/article/abstracts-from-wocova-2nd-world-congress-on-vascular-access--amsterdam-the-netherlands--june-27-29-2012
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Results were screened for potential relevance. 1 record was retrieved for 


consideration 


 


A.14: Source: National Infusion and Vascular Access Society (NIVAS) 


Annual Conference 


Interface / URL: See below 


Search date: 10/07/14 


Retrieved records: 1 


Search strategy: 


 


4th conference: 2013.  Pdfs for speaker presentations located here: 


http://www.nivas.org.uk/conference – but only available to members. 


 


3rd conference: 2012.  Pdfs for speaker presentations located here: 


http://www.nivas.org.uk/conference/view/3rd-annual-nivas-conference – but 


only available to members.  Scanned titles – 1 identified as potentially 


relevant. Title downloaded for further consideration. 


 


2nd conference: 2011. Pdfs for speaker presentations located here: 


http://www.nivas.org.uk/conference/view/2nd-annual-nivas-conference – but 


only available to members. Scanned titles – 0 identified as potentially relevant. 


 


NIVAS contacted to see if abstracts for poster or oral presentations are 


available to view online anywhere 10/07/14.  No reply as of 18/07/14.  Sent 



http://www.nivas.org.uk/conference

http://www.nivas.org.uk/conference/view/3rd-annual-nivas-conference

http://www.nivas.org.uk/conference/view/2nd-annual-nivas-conference
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follow-up e-mail 18/07/14.  No reply as of 22/07/14. Sent follow-up e-mail  


22/07/14.  No reply as of 22/07/14. 


 


A.15: Source: ISPOR (International Society for Pharmacoeconomics and 


Outcomes Research) Annual Congress 


Interface / URL: 


http://www.ispor.org/RESEARCH_STUDY_DIGEST/research_index.asp 


Search date: 10/07/14 


Retrieved records: 94 


Search strategy: 


 


Searched via the ISPOR Scientific Presentations Database: 


http://www.ispor.org/RESEARCH_STUDY_DIGEST/research_index.asp 


 


Following keyword searches carried out. Results from conferences held 


between 2011 and 2014 downloaded for further consideration. 


 


catheter- abstract field selected = 83 


cannula – abstract field selected = 2 (3 returned, 1 excluded as duplicate) 


canula – abstract field selected = 0 


CVC – abstract field selected = 1 (4 returned, 3 excluded as duplicates) 


PICC – abstract field selected = 1 


PIC line – abstract field selected = 0 



http://www.ispor.org/RESEARCH_STUDY_DIGEST/research_index.asp

http://www.ispor.org/RESEARCH_STUDY_DIGEST/research_index.asp
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central line – abstract field selected = 1 (3 returned, 2 excluded as duplicates) 


venous line – abstract field selected =2 


sherlock – abstract field selected = 0 


powerpicc – abstract field selected = 0 


 


catheter - title field selected = 4 (49 returned, 45 excluded as duplicates) 


cannula – title field selected = 0 (1 returned, excluded as duplicate) 


canula – title field selected = 0  


CVC – title field selected = 0 


PICC – title field selected = 0 


PIC line – title field selected = 0 


central line – title field selected = 0 


venous line – title field selected = 0 


sherlock – title field selected = 0 


powerpicc – title field selected = 0 


 


Website search: Organisations was identified from the list of those contacted 


for expert advice detailed in the draft scope document (NICE medical 


technology draft scope: SherLock 3CG Tip Confirmation System for 


placement of peripherally inserted central catheters). Pragmatic searches 


were carried out on the device name. Only results not already retrieved 


elsewhere were downloaded. 


 







Sponsor submission of evidence  177 of 197 


A.16: Source: Association of Surgeons in Primary Care 


Interface / URL: http://www.aspc-uk.net/ 


Search date: 10/07/14 


Retrieved records: 0 


Search strategy: 


 


Homepage site search function used.  Following terms searched on 


separately. Returned results assessed for relevance. 


 


sherlock  


powerpicc  


sapiens 


 


A.17: Source: British Cardiovascular Intervention Society 


Interface / URL: http://www.bcis.org.uk/pages/default.asp 


Search date: 10/07/14 


Retrieved records: 0 


Search strategy: 


 


Homepage search function used.  Following terms searched on separately. 


Returned results assessed for relevance. 
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sherlock  


powerpicc  


sapiens  


 


A.18: Source: British Cardiovascular Society 


Interface / URL: http://www.bcs.com/pages/default.asp 


Search date: 10/07/14 


Retrieved records: 0 


Search strategy: 


 


Homepage search function used.  Following terms searched on separately. 


Returned results assessed for relevance. 


 


sherlock  


powerpicc  


sapiens  


 


A.19: Source: Intensive Care Society 


Interface / URL: http://www.ics.ac.uk/ 


Search date: 18/07/14 


Retrieved records:  


Search strategy: 
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Homepage search function used.  Following terms searched on separately. 


Returned results assessed for relevance. 


 


sherlock  


powerpicc  


sapiens  


 


A.20: Source: The Royal College of Anaesthetists 


Interface / URL: http://www.rcoa.ac.uk/ 


Search date: 18/07/14 


Retrieved records: 0 


Search strategy: 


 


Homepage search function used.  Following terms searched on separately. 


Returned results assessed for relevance. 


 


sherlock  


powerpicc  


sapiens  


 


A.21: Source: Royal College of Nursing 
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Interface / URL: http://www.rcn.org.uk/ 


Search date: 18/07/14 


Retrieved records: 0 


Search strategy: 


 


Advanced search function used at: http://bureau-


query.funnelback.co.uk/search/search.cgi?collection=rcn-


meta&form=advanced.  


 


Following search run using the ‘Any of these terms’ option. Returned results 


assessed for relevance. 


 


sherlock powerpicc sapiens 


 


A.22: Source: Royal College of Physicians 


Interface / URL: https://www.rcplondon.ac.uk/ 


Search date: 18/07/14 


Retrieved records: 0 


Search strategy: 


 


Homepage search function used.  Following terms searched on separately. 


Returned results assessed for relevance. 


 



http://bureau-query.funnelback.co.uk/search/search.cgi?collection=rcn-meta&form=advanced

http://bureau-query.funnelback.co.uk/search/search.cgi?collection=rcn-meta&form=advanced

http://bureau-query.funnelback.co.uk/search/search.cgi?collection=rcn-meta&form=advanced
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sherlock  


powerpicc  


sapiens  


 


A.23: Source: British Association of Critical Care Nurses 


Interface / URL: http://www.baccn.org.uk/ 


Search date: 18/07/14 


Retrieved records: 0 


Search strategy: 


 


Searched using the BACCN search at: 


http://baccn.org.uk.master.com/texis/master/search/mysite.html. Following 


terms searched on separately. Returned results assessed for relevance. 


 


sherlock  


powerpicc  


sapiens  


 


A.24: Source: Royal College of Radiologists 


Interface / URL: http://www.rcr.ac.uk/ 


Search date: 18/07/14 


Retrieved records:  



http://baccn.org.uk.master.com/texis/master/search/mysite.html
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Search strategy: 


 


Homepage search function used.  Following terms searched on separately. 


Returned results assessed for relevance. 


 


sherlock  


powerpicc  


sapiens  


 


A.25: Source: National Infusion and Vascular Access Society 


Interface / URL: http://www.nivas.org.uk/ 


Search date: 18/07/14 


Retrieved records: 0 


Search strategy: 


 


No site search function found.  Searched using Google. In main search box 


searched: site:.nivas.org.uk with the following terms, separately e.g. 


site:.nivas.org.uk sherlock 


site:.nivas.org.uk powerpicc 


 


sherlock = 0 


powerpicc = 0 


sapiens = 0 
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electrocardiograph = 0 


electrocardiography = 0 


electrocardiogram = 0 


electrocardiogramy = 0 


cardiograph = 0 


cardiography = 0 


cardiogram = 0 


cardiogramy = 0 


ecg = 0 


ekg = 0 


magnet = 0 


magnets = 0 


magnetic = 0 


magnetics = 0 


magnetism = 0 


electromagnet = 0  


electromagnets = 0 


electromagnetic = 0 


electromagnetics = 0 


electromagnetism = 0 


malposition = 0 
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mal-position = 0 


malpositioned = 0 


mal-positioned = 0 


malpositioning = 0 


mal-positioning = 0 


"tip location" = 0 


"tip confirmation" = 0 


"tip position" = 0 


 


A.26: Source: Google 


Interface / URL: https://www.google.com/ 


Search date: 18/07/14 


Retrieved records: 0 


Search strategy: 


 


A focused, pragmatic search was conducted to identify relevant research. The 


5 searches below were run separately.  


 


For each search, the first 50 ‘most relevant’ returned results (five pages) were 


scanned for potentially relevant research studies. Relevance ranking was 


determined by the Google algorithm.  Choice of items to view and selection for 


further consideration was based searcher judgement.  Records were only 


retrieved if they had not already been found previously via another source. 
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sherlock catheter cost filetype:pdf 


 


sherlock catheter costs filetype:pdf  


 


sherlock catheter economic filetype:pdf 


 


sherlock catheter economics filetype:pdf  


 


sherlock catheter economical filetype:pdf 


 


No additional records were retrieved. 


 


A.27: Source: Communication within Bard 


Date: 19/06/14 


Retrieved records: 7 


 


Discussions were undertaken within BARD to identify any known studies 


relevant to the cost-effectiveness review.  None were identified.  


All relevant studies sourced to date for the clinical effectiveness review were 


sourced. 7 records were included for consideration. 
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11.4 Appendix 4: Resource identification, measurement 


and valuation (section 9.3.2) 


The following information should be provided. 


11.4.1 The specific databases searched and the service provider used (for 


example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 Medline 


 Embase 


 Medline (R) In-Process 


 NHS EED 


 EconLIT. 


The following databases were searched: 


 MEDLINE and MEDLINE In-Process (via OvidSP) 


 EMBASE (via OvidSP) 


 Econlit (via OvidSP) 


 NHS Economic Evaluation Database (via Cochrane Library/Wiley 


Interscience) 


 Health Technology Assessment Database (via Cochrane Library/Wiley 


Interscience) 


 Health Economic Evaluations Database (via EBSCOhost) 


 


11.4.2 The date on which the search was conducted. 


For search dates, see details of search strategies given in section 10.4.4 


below. 
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11.4.3 The date span of the search. 


No date restriction was applied to the search.  Databases were searched from 


inception to date. 


 


11.4.4 The complete search strategies used, including all the search 


terms: textwords (free text), subject index headings (for example, 


MeSH) and the relationship between the search terms (for 


example, Boolean). 


The database search strategies are detailed below (sources A.1 to A.6). 


A.1: Source: Ovid MEDLINE(R) In-Process & Other Non-Indexed 


Citations and Ovid MEDLINE(R) 1946 to Present 


Interface / URL: OvidSP 


Search date: 09/07/14 


Retrieved records: 555 


Search strategy: 


 


   


1 Catheterization, Central Venous/ and peripheral$.ti,ab,kf. 1257  


2 exp Catheterization, Peripheral/ and central$.ti,ab,kf. 1003  


3 Central Venous Catheters/ and peripheral$.ti,ab,kf. 37  


4 (peripheral$ adj5 central$ adj5 (catheter$ or cannula$ or 


canula$)).ti,ab,kf. 1037  


5 (PICC or PICCs).ti,ab,kf. 627  


6 (peripheral$ adj5 (CVC or CVCs)).ti,ab,kf. 76  
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7 (PIC adj3 line$).ti,ab,kf. 30  


8 (peripheral$ adj5 central adj5 line$).ti,ab,kf. 246  


9 (peripheral$ adj5 venous adj5 line$).ti,ab,kf. 92  


10 or/1-9 2583  


11 (malposition$ or mal-position$).ti,ab,kf. 4780  


12 (place$ or placing or replace$ or replacing or misplace$ or misplacing 


or position$ or reposition$ or insert$ or reinsert$ or mov$ or remov$).ti,ab,kf.


 2188847  


13 or/11-12 2190894  


14 Time Factors/ 1006790  


15 (time or times or timed or timing or timings or duration$).ti,ab,kf.


 2749395  


16 (minute or minutes or min or mins).ti,ab,kf. 740306  


17 or/14-16 3833718  


18 10 and 13 and 17 669  


19 exp animals/ not humans/ 3964780  


20 (news or comment or editorial or letter).pt. 1496892  


21 18 not (19 or 20) 642  


22 limit 21 to english language 573  


23 remove duplicates from 22 555  


  


A.2: Source: Embase 1974 to 2014 July 08 


Interface / URL: OvidSP 
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Search date: 09/07/14 


Retrieved records: 574 


Search strategy: 


   


1 peripherally inserted central venous catheter/ 1062  


2 central venous catheterization/ and peripheral$.ti,ab,kw. 665  


3 catheterization/ and peripheral$.ti,ab,kw. 1472  


4 central venous catheter/ and peripheral$.ti,ab,kw. 1191  


5 (peripheral$ adj5 central$ adj5 (catheter$ or cannula$ or 


canula$)).ti,ab,kw. 1645  


6 (PICC or PICCs).ti,ab,kw. 1325  


7 (peripheral$ adj5 (CVC or CVCs)).ti,ab,kw. 130  


8 (PIC adj3 line$).ti,ab,kw. 35  


9 (peripheral$ adj5 central adj5 line$).ti,ab,kw. 364  


10 (peripheral$ adj5 venous adj5 line$).ti,ab,kw. 133  


11 or/1-10 4787  


12 positioning device/ 91  


13 (malposition$ or mal-position$).ti,ab,kw. 5947  


14 (place$ or placing or replace$ or replacing or misplace$ or misplacing 


or position$ or reposition$ or insert$ or reinsert$ or mov$ or remov$).ti,ab,kw.


 2594193  


15 or/12-14 2596625  


16 time/ 367892  
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17 (time or times or timed or timing or timings or duration$).ti,ab,kw.


 3409905  


18 (minute or minutes or min or mins).ti,ab,kw. 923104  


19 or/16-18 4179398  


20 11 and 15 and 19 1176  


21 (animal/ or animal experiment/ or animal model/ or animal tissue/ or 


nonhuman/) not exp human/ 4960910  


22 (editorial or conference$ or letter).pt. 3541634  


23 20 not (21 or 22) 677  


24 limit 23 to english language 582  


25 remove duplicates from 24 574  


 


A.3: Source: Econlit 1886 to June 2014 


Interface / URL: OvidSP 


Search date: 09/07/14 


Retrieved records:  


Search strategy: 


 


1 (peripheral$ and (catheter$ or cannula$ or canula$)).af. 0  


2 (PICC or PICCs).af. 1  


3 (PIC adj3 line$).af. 1  


4 (peripheral$ adj5 central adj5 line$).af. 1  
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5 (peripheral$ adj5 venous adj5 line$).af. 0  


6 or/1-5 3  


 


A.4: Source:  NHS Economic Evaluation Database (NHS EED) - Issue 2 


of 4, April 2014 


Interface / URL: Cochrane Library / Wiley Interscience 


Search date: 10/07/14 


Retrieved records: 20 


Search strategy: 


 


#1 [mh ^"Catheterization, Central Venous"] and peripheral*  151 


#2 [mh "Catheterization, Peripheral"] and central*  661 


#3 [mh ^"Central Venous Catheters"] and peripheral*  7 


#4 (peripheral* near/5 central* near/5 (catheter* or cannula* or canula*)) 


 198 


#5 (PICC or PICCs)  87 


#6 (peripheral* near/5 (CVC or CVCs))  22 


#7 (PIC near/3 line*)  3 


#8 (peripheral* near/5 central near/5 line*)  28 


#9 (peripheral* near/5 venous near/5 line*)  20 


#10 {or #1-#9} in Economic Evaluations 20 
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A.5: Source: Health Technology Assessment Database (HTA) - Issue 2 


of 4, April 2014 


Interface / URL: Cochrane Library / Wiley Interscience 


Search date: 10/07/14 


Retrieved records: 9 


Search strategy: 


 


#1 [mh ^"Catheterization, Central Venous"] and peripheral*  151 


#2 [mh "Catheterization, Peripheral"] and central*  661 


#3 [mh ^"Central Venous Catheters"] and peripheral*  7 


#4 (peripheral* near/5 central* near/5 (catheter* or cannula* or canula*)) 


 198 


#5 (PICC or PICCs)  87 


#6 (peripheral* near/5 (CVC or CVCs))  22 


#7 (PIC near/3 line*)  3 


#8 (peripheral* near/5 central near/5 line*)  28 


#9 (peripheral* near/5 venous near/5 line*)  20 


#10 {or #1-#9} in Technology Assessments  9 


 


A.6: Source: HEED: Health Economic Evaluations Database 


Interface / URL: EBSCOHost 


Search date: 10/07/14 
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Retrieved records:  


Search strategy: 


 


S7 S1 OR S2 OR S3 OR S4 OR S5 OR S6 20 


S6 TX(peripheral* N5 venous N5 line*) 2 


S5 TX(peripheral* N5 central N5 line*) 2 


S4 TX(PIC N3 line*) 1 


S3 TX(peripheral* N5 (CVC OR CVCs)) 2 


S2 TX(PICC OR PICCs) 11 


S1 TX(peripheral* N5 central* N5 (catheter* OR cannula* OR canula*)) 14 


 


11.4.5 Details of any additional searches (for example, searches of 


company databases [include a description of each database]). 


No additional searches were carried out. 


11.4.6 The inclusion and exclusion criteria. 


The inclusion and exclusion criteria are listed in section 9.3.3. 


11.4.7 The data abstraction strategy. 


The data extraction is shown in Table C5b. 
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12 Related procedures for evidence submission  


12.1 Cost models 


An electronic executable version of the cost model should be submitted to 


NICE with the full submission. 


NICE accepts executable cost models using standard software – that is, 


Excel, TreeAge Pro, R or WinBUGs. If you plan to submit a model in a non-


standard package, NICE should be informed in advance. NICE, in association 


with the External Assessment Centre, will investigate whether the requested 


software is acceptable, and establish if you need to provide NICE and the 


External Assessment Centre with temporary licences for the non-standard 


software for the duration of the assessment. NICE reserves the right to reject 


cost models in non-standard software. A fully executable electronic copy of 


the model must be submitted to NICE with full access to the programming 


code. Care should be taken to ensure that the submitted versions of the 


model programme and the written content of the evidence submission match. 


NICE may distribute the executable version of the cost model to a consultee if 


they request it. If a request is received, NICE will release the model as long as 


it does not contain information that was designated confidential by the model 


owner, or the confidential material can be redacted by the model owner 


without producing severe limitations on the functionality of the model. The 


consultee will be advised that the model is protected by intellectual property 


rights, and can be used only for the purposes of commenting on the model’s 


reliability and informing comments on the medical technology consultation 


document. 


Sponsors must ensure that all relevant material pertinent to the decision 


problem has been disclosed to NICE at the time of submission. NICE may 


request additional information not submitted in the original submission of 


evidence. Any other information will be accepted at NICE’s discretion.  
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When making a full submission, sponsors should check that: 


 an electronic copy of the submission has been given to NICE with all 


confidential information highlighted and underlined 


 a copy of the instructions for use, regulatory documentation and quality 


systems certificate have been submitted  


 an executable electronic copy of the cost model has been submitted 


 the checklist of confidential information provided by NICE has been 


completed and submitted. 


 A PDF version of all studies (or other appropriate format for unpublished 


data, for example, a structured abstract) included in the submission have 


been submitted 


12.2 Disclosure of information 


To ensure that the assessment process is as transparent as possible, NICE 


considers it highly desirable that evidence pivotal to the Medical Technologies 


Advisory Committee’s decisions should be publicly available at the point of 


issuing the medical technology consultation document and medical 


technology guidance. 


Under exceptional circumstances, unpublished evidence is accepted under 


agreement of confidentiality. Such evidence includes ‘commercial in 


confidence’ information and data that are awaiting publication (‘academic in 


confidence’). 


When data are ‘commercial in confidence’ or ‘academic in confidence’, it is the 


sponsor’s responsibility to highlight such data clearly, and to provide reasons 


why they are confidential and the timescale within which they will remain 


confidential. The checklist of confidential information should be completed: if it 


is not provided, NICE will assume that there is no confidential information in 


the submission. It is the responsibility of the manufacturer or sponsor to 


ensure that the confidential information checklist is kept up to date.  


It is the responsibility of the sponsor to ensure that any confidential 


information in their evidence submission is clearly underlined and highlighted 







Sponsor submission of evidence  196 of 197 


correctly. NICE is assured that information marked ‘academic in confidence’ 


can be presented and discussed during the public part of the Medical 


Technologies Advisory Committee meeting. NICE is confident that such public 


presentation does not affect the subsequent publication of the information, 


which is the prerequisite allowing for the marking of information as ‘academic 


in confidence’.  


Please therefore underline all confidential information, and highlight 


information that is submitted under ‘commercial in confidence’ in blue and 


information submitted under ‘academic in confidence’ in yellow. 


NICE will ask sponsors to reconsider restrictions on the release of data if 


there appears to be no obvious reason for the restrictions, or if such 


restrictions would make it difficult or impossible for NICE to show the 


evidential basis for its guidance. Information that has been put into the public 


domain, anywhere in the world, cannot be marked as confidential.  


Confidential information submitted will be made available for review by the 


External Assessment Centre and the Medical Technologies Advisory 


Committee. NICE will at all times seek to protect the confidentiality of the 


information submitted, but nothing will restrict the disclosure of information by 


NICE that is required by law (including in particular, but without limitation, the 


Freedom of Information Act 2000). 


The Freedom of Information Act 2000, which came into force on 1 January 


2005, enables any person to obtain information from public authorities such as 


NICE. The Act obliges NICE to respond to requests about the recorded 


information it holds, and it gives people a right of access to that information. 


This obligation extends to submissions made to NICE. Information that is 


designated as ‘commercial in confidence’ may be exempt under the Act. On 


receipt of a request for information, the NICE secretariat will make every effort 


to contact the designated company representative to confirm the status of any 


information previously deemed ‘commercial in confidence’ before making any 


decision on disclosure. 
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12.3 Equality  


NICE is committed to promoting equality and eliminating unlawful 


discrimination, including paying particular attention to groups protected by 


equalities legislation. The scoping process is designed to identify groups who 


are relevant to the evaluation of the technology, and to reflect the diversity of 


the population. NICE consults on whether there are any issues relevant to 


equalities within the scope of the evaluation, or if there is information that 


could be included in the evidence presented to the Medical Technologies 


Advisory Committee to enable them to take account of equalities issues when 


developing guidance. 


Evidence submitters are asked to consider whether the chosen decision 


problem could be impacted by NICE’s responsibility in this respect, including 


when considering subgroups and access to recommendations that use a 


clinical or biological criterion.  


For further information, please see the NICE website 


(www.nice.org.uk/aboutnice/howwework/NICEEqualityScheme.jsp). 



http://www.nice.org.uk/aboutnice/howwework/NICEEqualityScheme.jsp






 


National Institute for Health and Care Excellence 


Centre for Health Technology Evaluation 
 


Pro forma Response  
 


External Assessment Centre Report factual check 
 


MT 234 Sherlock 3CG Tip Confirmation System for placement 
of peripherally inserted central catheters 


 
 
Please find enclosed the assessment report prepared for this assessment by 
the External Assessment Centre (EAC).  
 
You are asked to check the assessment report from Cedar to ensure there 
are no factual inaccuracies contained within it. If you do identify any factual 
inaccuracies you must inform NICE by 4pm, 10th September 2014 using the 
below pro forma comments table. All your comments on factual inaccuracies 
will receive a response from the EAC and when appropriate, will be amended 
in the EAC report. This table, including EAC responses will be presented to 
the Medical Technologies Advisory Committee and will subsequently be 
published on the NICE website with the Assessment report. 
 


Submitted to sponsor: 8th September 2014 







 


Issue 1  


Description of factual inaccuracy  Description of 
proposed amendment  


Justification for 
amendment 


EAC response 


The major criticism of the model is that the 
nurse time with Sherlock but no X-ray 
should be the same as bedside placement 
with X-ray.  The EAC is correct that we 
state in the assumptions in 9.1.6 that the 
time taken to achieve successful 
placement with Sherlock 3CG TCS is 
equal to bedside placement.  However, 
this is a typo and should have read: 


 The time taken to achieve 
successful placement with 
Sherlock 3CG TCS with x-ray is 
equal to the time taken for 
successful placement at the 
bedside without the technology. 


The fact that initial placement cost is 
cheaper with Sherlock 3CG TCS and no 
X-ray is stated three assumptions down 
from this assumption.  The reasons and 
supporting evidence are given in 9.37 that 
clearly states the assumed time 
differences with and without X-ray.  Table 
6.1 and 6.2 also describes this difference.   


  


No amendment 
required beyond the 
correction of the typo.  
The analysis does not 
need to change. 


Provides clarity to the 
reader and removes 
potential confusion.  
We believe the 
evidence supports 
Sherlock 3CG TCS 
without X-ray being less 
demanding on nurse 
time and this was in 
any case fully explored 
in sensitivity analysis. 


The EAC accept that this makes the assumption in 
line with the model inputs; however we believe that all 
the points in the report remain valid. In addition, the 
sensitivity analysis did not fully explore the issue since 
at no time were nurse times set as equal for the two 
model branches. 


We suggest that we add an additional line in Table 12, 
reading: 


Column 1: The sponsor has clarified that the 
assumption above should read “The time taken to 
achieve successful placement with Sherlock 3CG TCS 
with x-ray is equal to the time taken for successful 
placement at the bedside without the technology.” 


Column 2: This now matches the input in the model, 
and is a reasonable assumption. However the EAC 
still believe that there is no valid reason to assign a 
shorter nurse time to Sherlock 3CG TCS without x-
ray. It is plausible that the patient pathway might be 
shorter; however the time for insertion of the PICC will 
remain similar. The cost of x-ray (including radiologist 
time) is costed separately (both in the model and in 
the data source (Walker et al. 2013).   


Column 3: 


As above  







 


 





