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Introduction
Critically ill patients in the intensive care unit (ICU)
commonly require venous access. In the acute setting, this is
often a non-tunnelled central venous catheter (CVC) inserted
into one of the central veins. However, these CVCs are not
designed for long-term use (more than 1-3 weeks)1 and they
have a relatively high complication rate at insertion and while
in situ. Once acute organ failure is resolving and patients are no
longer requiring central venous pressure monitoring or
multiple infusions, then alternative means of venous access are
often sought. Peripheral cannulae can be used, but these are
often limited by tissue oedema, multiple previous cannulation
attempts, and the need for frequent phlebotomy. Furthermore,
UK guidelines dictate that these cannulae are resited routinely
every 72-96 hours, or earlier if clinically indicated.2

Peripherally inserted central venous catheters (PICCs) are a
valuable route for short to intermediate-term central venous
access. They have the advantage of being relatively simple to
insert at the bedside under local anaesthesia, they are
comfortable for the patient, and they have a relatively low
complication rate.3 While PICCs have been used extensively on
general wards and in outpatients for several years, their use in
the ICU setting has only recently been explored and there
remains a paucity of data regarding insertion techniques and
complication rates.3

The ICU at Addenbrooke’s hospital is a 14-bed unit which
admits over 800 patients per year from a variety of specialties.
The ICU started using PICCs in 2006 in patients who were
recovering from their acute illness but whom still required

venous access. Since then their use in the ICU has dramatically
increased, with a recent audit (July-December 2007) showing
that 25% of central lines placed in ICU are PICCs. This
represents a major change to our clinical practice and so we
decided to survey all PICCs over a 12 month period to define
baseline data and complication rates (PICC-related
bacteraemias, misplacement rates and adverse line events) and
to inform future directions.

Methods
Vascular access requirements are assessed on all ICU patients
on a daily basis using the Cambridge ‘Required, Appropriate,
Infected, Dressed’ (RAID) assessment (see Figure 1). When a
PICC is felt to be necessary by the intensive care consultant,
the patient is referred to the vascular access team (VAT), a team
of specially trained specialist nurses.

The VAT place PICCs on the ICU into one of the upper arm
veins (usually basillic), with the patient supine and the arm
abducted, using a Seldinger microintroducer split-sheath
technique (Vygon, Cirencester, UK) under local anaesthesia
and with ultrasound control. The PICCs are either 4 Fr single
lumen or 5 Fr dual lumen Groshong lines (Bard, NJ, USA),
depending on clinical need. During the insertion, the patient
places their head on the ipsilateral shoulder to aid correct
placement, and any resistance to insertion is overcome by
redirection of the catheter, or by flushing the line during
insertion. After insertion, the PICC is X-rayed to confirm a
correct position (defined as being in the superior vena cava or
at the superior vena cava/right atrium junction) and is then
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cared for using recommendations from the UK Department of
Health Saving Lives – High Impact Interventions.2 All PICC
placements are documented by the VAT and registered on the
hospital-wide CVC audit, and ongoing care of the line is
documented on a daily basis by the nursing staff.

A retrospective data collection was carried out, identifying
all ICU patients who had PICCs inserted during the period
April 2007 to March 2008. This period was chosen because
initial start-up issues had been resolved and staff were used to
requesting and caring for PICCs by this time. The audit was
registered with the hospital audit department according to
Trust policy. These patients were then cross-referenced with
VAT databases, hospital microbiology and radiology databases
to determine:
1. PICC insertion date and removal date.
2. Position of PICC on chest X-ray (CXR). Correct position

was defined as the PICC tip being in the superior vena cava
(SVC) or at the junction between the SVC and right atrium.
CXRs were assessed by two independent observers, a
radiologist and an ICU doctor.

3. PICC adverse line events. Adverse events were categorised
as either blockages that were cleared with urokinase,
blocked lines which remained blocked despite urokinase
and therefore required removal and re-siting, and leaking
lines which required line removal and re-siting. 

4. Line-related bacteraemias, as defined by:
• Positive blood culture and positive line tip (Maki semi-

quantitative method) with the same organism

• Positive blood culture within two days of a positive line
tip, or positive line tip within one week of a positive
blood culture.

Results

Number of lines placed

A total of 140 PICC lines were inserted over 12 months; one
other PICC insertion was attempted but was not possible. This
is an insertion success rate of 99.3%. All PICCs were placed
into one of the upper arm veins under ultrasound control. 

Duration of line placement

There were no data on duration of line placement for 24 of
these lines, therefore line duration data is based on data 
from 116 lines. The total number of line days for these lines
was 1,558. The median duration of PICCs was 9 days, range 
0-100 days. 

Lines that were only in situ for 0-1 days were assumed to
represent misplaced/failed lines and after removing these data
from the analysis (17 data sets – 12 lines in for 0 days and 5 for
1 day), the adjusted median PICC duration was 13 days, range
2-100 days (Figure 2).

Misplacement rates

Misplacement data were available on 124 lines. Fifteen lines
were misplaced, with 11 lying in the internal jugular vein; this
is an overall 12.1% misplacement rate and a rate of internal
jugular misplacement of 8.9%. 

R.A.I.D.
Required, Appropriate, Infected, Dressed

Central Venous Access Device (CVAD)
Assessment: RAID

Required?
• Does the patient still need a CVAD?

Appropriate?
• Is the CVAD appropriate?
 – Would the patient be better with a tunnelled line 
  or a peripherally inserted central catheter (PICC)?
 – Refer to Central Venous Access Team

Infected?
• Are there any local or systemic signs of infection?

Dressed?
• Is the line dressed appropriately with Tegaderm IV 
 and labelled with date and time of last dressing 
 change?

Peripheral Venous Access
Assessment: RAID

Required?
• Does the patient still need peripheral access?
 – Has line been in situ for 72 hours? If so, assess site: 
  if VIP <1 and line still required then continue to use line 
  and review again at 96 hours. At 96 hours the line 
  should be removed UNLESS the patient has difficult 
  peripheral venous access AND VIP <1. The patient 
  should be reviewed to determine if a PICC is needed. 
 – Has it been used in the last 24 hours? If not, remove it.

Appropriate?
• Would a peripherally inserted central (PICC) line be 
 more appropriate?
 – Refer to Central Venous Access Team

Infected?
• Are there any local or systemic signs of infection?
 Use the Visual Infusion Phlebitis (VIP) scoring system.16

Dressed?
• Is the line dressed appropriately with Tegaderm IV and 
 labelled with date and time of cannula insertion?

Author: Dr Andrew Johnston
Reviewed: May 2008 Addenbrooke’s Hospital
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Figure 1  Cambridge RAID assessment.
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Infection rates

No lines in this audit fulfilled our criteria for a catheter-related
bloodstream infection.

Adverse line events

Adverse line events were categorised as either blockages that
were cleared with urokinase (40 cases), blocked lines that
remained blocked despite urokinase and therefore required
removal and re-siting (6 cases), and leaking lines that required
line removal and re-siting (2 cases). 

There were 29.5 blockages/1,000 line days, and an adverse
line event incidence of 30.8 per 1,000 line days.

Discussion
Most ICU patients require some form of venous access, but
their requirements and the most suitable form of access alters
as the patient’s condition changes. In the acute setting, short-
term catheters can be inserted directly into one of the central
veins to allow multiple infusions and central venous pressure
monitoring; however, these have a relatively high incidence of
infection (about 2.7/1,000 catheter days),4 a relatively high
complication rate, are often uncomfortable for the patient,
and cannot normally be left in situ for more than 1-3 weeks.1

Once the acute problems have resolved, and the patient’s
vascular access requirements have altered, short-term
peripheral cannulae or tunnelled lines can be inserted, but
both of these techniques have disadvantages. PICCs have
many features that are potentially advantageous to the ICU

patient; they are relatively easy and comfortable to insert,
they provide access to the central circulation, they have a
relatively low incidence of infection, and can potentially be
left in situ for many weeks. Despite these potential
advantages, there is a paucity of data in the literature
regarding their use in ICU.

The use of ultrasound to guide the insertion of PICCs is a
well recognised technique with a cannulation success rate of
approximately 94.6%.5,6 However, as far as we are aware, this
technique is not widely practised in intensive care. The use of
ultrasound for cannulation is potentially advantageous in ICU
patients who are oedematous, have often had multiple previous
cannulations, and whose veins are often difficult to palpate.
One earlier study of PICCs in ICU that did not use ultrasound
reported an insertion success rate of 97.8%; however, 28% of
these insertions required a cut-down technique.3

Our cannulation success rate of 99.3% using ultrasound is
very encouraging. Another advantage of using an ultrasound-
guided insertion technique is that veins in the upper arm, away
from the antecubital fossa, can be accessed. It is our experience
that these veins allow a much more secure and comfortable
PICC fixation.

PICC misplacement is a relatively common complication
and we report an overall misplacement rate of 12.1%, which
is consistent with reports of correct positioning in 44-99% of
PICC insertions.7-12 One recent paper reported a
misplacement rate of 62.9% after blind PICC insertion13 and a
misplacement rate of 7.9% has been reported in ICU
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Figure 2  The distribution of PICC line days — PICCs that were only in situ for 0-1 days have been removed from the data (see text).
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patients.3 In ventilated patients, the effects of inspiration and
negative intrathoracic pressures on venous flow are disrupted
and this may lead to an increase in PICC misplacement rate.
Indeed, it is our observation that in spontaneously breathing
patients PICCs that are misplaced into the internal jugular
vein may drop down into the correct position within 24
hours of insertion. The rate of internal jugular vein
misplacement in our series (8.9%) is consistent with other
studies.13

Catheter-related bloodstream infections are an important
cause of morbidity and mortality with long-term indwelling
central venous catheters. PICCs are thought to have a relatively
low incidence of infection with one systematic review quoting
an infection rate of 2.1 per 1,000 catheter days in hospitalised
patients.4 This rate is much higher than with PICCs used
exclusively in the outpatient setting (approximately one per
1000 catheter days). In our audit we found no PICC-associated
bacteraemias; there are a number of possible reasons for this
low rate. Firstly, we have a well developed team of expert
specialist nurses (the VAT) who insert the PICCs and who have
developed strategies for expert care of the lines post insertion
based on epic2 guidelines. These strategies include the use of
2% chlorhexidine in 70% alcohol, an aseptic no-touch
technique for accessing the line, the use of needleless injection
posts, daily inspection of the line site, and weekly dressing
changes. Secondly, it is our belief that insertion into veins
above the antecubital fossa allows for easier fixation and
stabilisation of the line, which may contribute to a reduced
infection rate. 

The policy in our hospital is that line tips are only sent for
microbiological assessment if there is a suspected line
infection. For this reason we are unable to make any comment
about line colonisation rates.

There are little data in the literature about adverse line
events and so comparisons are difficult; however, our adverse
line event rate of 30.8/1,000 catheter days and blockage rate of
29.5/1,000 catheter days provides data that can be used to
inform future studies. By far the most common problem was a
blocked lumen and in the majority of cases (87%) this could be
fairly simply resolved using urokinase.

PICCs are associated with a recognised incidence of venous
thrombosis (23.3-38%) and venous stenosis (7.5%) and
therefore their use should be avoided in patients who are likely
to require long-term renal support.14,15

We believe that PICCs offer an advantage over centrally
inserted central venous catheters in the ICU recovery phase.
They provide a safe and comfortable route for short to
intermediate-term central venous access and are associated
with a low rate of infection when inserted and cared for
correctly. Further work is needed to fully define adverse line
events and to inform future studies.
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