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Your responsibility
This guidance represents the view of NICE, arrived at after careful consideration of the evidence
available. When exercising their judgement, healthcare professionals are expected to take this
guidance fully into account. However, the guidance does not override the individual responsibility
of healthcare professionals to make decisions appropriate to the circumstances of the individual
patient, in consultation with the patient and/or guardian or carer.
Commissioners and/or providers have a responsibility to implement the guidance, in their local
context, in light of their duties to have due regard to the need to eliminate unlawful discrimination,
advance equality of opportunity, and foster good relations. Nothing in this guidance should be
interpreted in a way that would be inconsistent with compliance with those duties.
Commissioners and providers have a responsibility to promote an environmentally sustainable
health and care system and should assess and reduce the environmental impact of implementing
NICE recommendations wherever possible.
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Recommendations

1

NICE medical technology guidance addresses specific technologies notified to NICE by
manufacturers. The 'case for adoption' is based on the claimed advantages of introducing the
specific technology compared with current management of the condition. This 'case' is
reviewed against the evidence submitted and expert advice. If the case for adopting the
technology is supported, then the technology has been found to offer advantages to patients
and the NHS. The specific recommendations on individual technologies are not intended to
limit use of other relevant technologies which may offer similar advantages.
The guidance was amended in May 2011 to clarify that the study by Gan et al. (2002) included
patients having general surgery.
1.1

The case for adopting the CardioQ-ODM in the NHS, when used as described in
1.2, is supported by the evidence. There is a reduction in post-operative
complications, use of central venous catheters and in-hospital stay (with no
increase in the rate of re-admission or repeat surgery) compared with
conventional clinical assessment with or without invasive cardiovascular
monitoring. The cost saving per patient, when the CardioQ-ODM is used instead
of a central venous catheter in the peri-operative period, is about £1100 based
on a 7.5-day hospital stay.

1.2

The CardioQ-ODM should be considered for use in patients undergoing major
or high-risk surgery or other surgical patients in whom a clinician would
consider using invasive cardiovascular monitoring.
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2

The technology

Description of the technology
2.1

The CardioQ-ODM (Deltex Medical) is an oesophageal doppler monitor that
assesses cardiac output and intravascular fluid status.

2.2

Oesophageal doppler monitoring is undertaken with a single-use probe, which is
placed in the oesophagus via the mouth or nose. The device generates a lowfrequency ultrasound signal, which is reflected by red blood cells travelling
down the aorta. By applying the doppler principle, the reflected signal can be
used to determine flow velocity. A validated nomogram is used to derive
volumetric data such as stoke volume and cardiac output. Fluid management
during surgery is guided by the use of the CardioQ-ODM to monitor changes in
stroke volume following repeated fluid challenges. This approach can correct
functional hypovolaemia, which is often present before surgery, and can
optimise intravascular volume.

2.3

The cost of the CardioQ-ODM is approximately £11,000. The cost of probes
varies depending on the intended length of use. The average cost of a probe is
approximately £67 for patients undergoing surgery and approximately £118 for
patients in the critical care unit. The cost of the CardioQ-ODM and probes may
vary because of differences in purchasing contracts.

Current management
2.4

Optimising intravascular volume and cardiac output is essential to ensure
adequate organ perfusion in patients who are undergoing major surgery or who
are critically ill.

2.5

Cardiac output is monitored using a variety of techniques, such as inserting a
pulmonary artery catheter or using systems based on pulse contour analysis and
dye dilution. Less invasive methods include trans-oesophageal
echocardiography and measuring thoracic electrical bioimpedance. These
techniques are combined with conventional clinical assessment. In some cases a
central venous catheter is inserted to measure cardiac pre-load.
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3

Clinical e
evidence
vidence

3.1

Clinical outcomes relevant to the use of the CardioQ-ODM are mortality, perioperative complications, reductions in the use of central venous catheters,
length of critical care and in-hospital stay and re-admission rates. Full details of
all clinical outcomes considered by the Committee are available in the
assessment report.

Patients undergoing surgery
3.2

Wakeling et al. (2005) reported a trial of 124 patients undergoing bowel
surgery,which found that the median hospital stay after surgery was 10 days
when the CardioQ-ODM was combined with central venous pressure
monitoring compared with 11.5 days in the control group who had central
venous pressure monitoring alone (p = 0.031). The median difference in time to
fitness for discharge was 1.5 days in favour of the CardioQ-ODM (p = 0.012).
Noblett et al. (2006) reported a study of 108 patients undergoing bowel surgery
and found the median post-operative stay was 7 days when the CardioQ-ODM
was combined with central venous pressure monitoring compared with 9 days in
the control group who had central venous pressure monitoring alone
(p = 0.003). The median time to fitness for discharge was 6 days for the
CardioQ-ODM monitoring compared with 9 days for the control group
(p = 0.003).

3.3

Mythen et al. (1995) reported a trial of 60 patients undergoing cardiac
surgery,which found that the mean length of hospital stay was 6.4 days when
the CardioQ-ODM was combined with central venous pressure monitoring
compared with 10.1 days in the control group who had central venous pressure
monitoring alone (p = 0.011). The mean length of stay in the critical care unit
was also reduced by 0.7 days (1 day versus 1.7 days, p = 0.023).

3.4

Gan et al. (2002) reported a trial of 100 patients undergoing general,
gynaecological or urological surgery, which found the median hospital stay was
6 days when the CardioQ-ODM was combined with central venous pressure
monitoring compared with 7 days in the group with central venous pressure
monitoring alone (p = 0.03). The difference in mean length of hospital stay was
2 days.
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3.5

Venn et al. (2002) reported a three-arm trial of 90 patients undergoing surgery
for fractured neck of femur, which compared CardioQ-ODM monitoring with
central venous pressure monitoring and with conventional assessment. The
mean time to fitness for discharge was 7.7 days (95% confidence interval [CI] 5.9
to 12.3 days) in the CardioQ-ODM group, 10 days (95% CI 8.1 to 12.0 days) in
the central venous pressure group, and 13.9 days (95% CI 11.9 to 16.9 days) in
the conventional assessment group (p = 0.035). The mean length of hospital stay
was 13.5 days (95% CI 10.9 to 17.5 days) in the CardioQ-ODM group, 13.3 days
(95% CI 10.3 to 19.2 days) in the central venous pressure group and 17.5 days
(95% CI 13.9 to 24.4 days) in the conventional assessment group (p = 0.27).
Sinclair et al. (1997) reported a study of 40 older adults undergoing surgery for
fractured neck of femur, which found that mean acute hospital bed stay was
10 days in the group who had CardioQ-ODM monitoring compared with
17 days in a group who had conventional assessment (p < 0.05). A 6-day
reduction in mean time to fitness for discharge (9 days versus 15 days, p < 0.05)
and a 9-day reduction in mean length of hospital stay (11 days versus 20 days,
p < 0.05) were also reported.

3.6

Senagore et al. (2009) reported a three-arm trial in which CardioQ-ODM
monitoring with colloid fluid administration and CardioQ-ODM monitoring with
crystalloid fluid administration were compared with standard fluid management
in patients undergoing laparoscopic bowel surgery. The length of hospital stay
was shortest with standard fluid management: 64.9 hours (21 patients)
compared with 75.5 hours for CardioQ-ODM-guided colloid fluid management
(22 patients) and 71.8 hours for CardioQ-ODM-guided crystalloid fluid
management (21 patients, p < 0.05). The difference in hospital stay was small
and the paper did not report whether hospital stay was a mean or median value.
This trial included patients having lower risk surgery and used an atypical
CardioQ-ODM-guided protocol for fluid management. The External
Assessment Centre considered this study and concluded that, because of the
differences in design, these results have little effect on the body of evidence,
which largely supports monitoring with CardioQ-ODM compared with standard
fluid management.

3.7

Wakeling et al. (2005) reported a study of 124 patients undergoing bowel
surgery and found total complications were reduced in the group who had
CardioQ-ODM monitoring combined with central venous pressure monitoring
compared with the group who had central venous pressure monitoring alone
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(38% [24/67] versus 59% [38/67], p = 0.013). Gastrointestinal complications
were also reduced in the group who had CardioQ-ODM monitoring (14% [9/67]
versus 45% [29/67], p = 0.001). Other indicators of enhanced recovery from
surgery favoured CardioQ-ODM monitoring over central venous pressure
monitoring alone, namely the return of flatus (median 3 days versus 4 days,
p = 0.085), bowel movement (median 4 days versus 5 days, p = 0.014) and the
adoption of a full diet (median 6 days versus 7 days, p = 0.001). Noblett et
al.(2006) reported a study of 108 patients undergoing bowel surgery, which
found that intermediate or major complications were lower in a group who had
CardioQ-ODM monitoring and central venous pressure monitoring compared
with a group who had central venous pressure monitoring alone (2% [1/54]
versus 15% [8/54], p = 0.043). Patients who had CardioQ-ODM monitoring
tolerated food sooner (median 2 days versus 4 days, p value not provided), but
there was no difference in the return of flatus (median 2 days versus 2 days,
p = 0.9) or bowel movement (median 3 days versus 4 days, p = 0.7).
3.8

Mythen et al. (1995) reported a study of 60 patients undergoing cardiac surgery,
which found that gut hypoperfusion at the end of surgery and major
complications after surgery were lower with the CardioQ-ODM and central
venous pressure monitoring than with central venous pressure monitoring
alone (gut hypoperfusion: 7% [2/30] versus 56% [17/30], p < 0.001; major
complications: 0% [0/30] versus 20% [6/30], p = 0.01).

3.9

Gan et al. (2002) reported a study of 100 patients undergoing general,
urological or gynaecological surgery, which found that 7 patients needed
antiemetic drugs after surgery when CardioQ-ODM monitoring was combined
with central venous pressure monitoring compared with 18 patients who had
central venous pressure monitoring alone (p < 0.05).

3.10

The NHS Technology Adoption Centre reported audit data following the
adoption of intra-operative oesophageal doppler-guided fluid management in
three hospitals in England. CardioQ-ODM was used for intra-operative
oesophageal doppler-guided fluid management in a total of 626 patients
undergoing major intra-abdominal or orthopaedic surgery. Results from these
patients were compared with an historical control group of 621 patients who
received standard care. The results confirmed the potential benefit of
oesophageal doppler monitoring, with reduction in mean length of hospital stay
of 3 days, reduction in hospital stay after surgery of 4 days, and 23% fewer
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surgical patients requiring a central venous catheter to be inserted.
3.11

Evidence from a number of systematic reviews of oesophageal doppler
monitoring was also considered. The most recent major review was a Health
Technology Assessment performed by the UK National Institute for Health
Research. The Health Technology Assessment considered ten clinical trials that
included a total of 959 patients. Eight of these trials used the CardioQ-ODM
(accounting for 77% of the total number of patients), whereas the other two
studies used other oesophageal doppler monitoring devices. Furthermore, eight
of these studies were of patients undergoing surgery whereas two investigated
the impact of oesophageal doppler monitoring on patients in a critical care
setting. The review reported that generic oesophageal doppler monitoring
reduced the length of stay by on average 2 days, and by up to 6 days. The review
also reported that complications were reduced by more than 50% when
oesophageal doppler monitoring was used either during surgery or after
surgery in the critical care unit. In a subgroup analysis that assumed that central
venous pressure monitoring was used in both study arms, the odds ratio of
complications was 0.43 for oesophageal doppler monitoring during surgery and
0.49 for oesophageal doppler monitoring after surgery in the critical care unit.

Patients in the critical care unit
3.12

McKendry et al. (2004) reported a study of 174 patients in a critical care unit
after cardiac surgery, which found no statistically significant difference in mean
hospital stay between patients who had CardioQ-ODM monitoring combined
with central venous pressure monitoring and patients who had central venous
pressure monitoring alone; although the median hospital stay was reduced to
7 days in the group who had CardioQ-ODM monitoring compared with 9 days in
the group with central venous pressure monitoring alone (p = 0.02).

Committee considerations
3.13

The Committee considered that the available evidence supported a reduction in
peri-operative complications and length of in-hospital stay in patients
undergoing surgery when the CardioQ-ODM was used compared to outcomes
for patients with central venous pressure monitoring alone. It observed that
these benefits were achieved without an increase in rates of repeat surgery or
re-admission.
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3.14

The Committee concluded that patients most likely to benefit from the use of
the CardioQ-ODM are those in whom the clinician would consider using
invasive cardiovascular monitoring (such as central venous pressure or
pulmonary artery catheter monitoring). This will include patients undergoing
major or high-risk surgery or high-risk patients undergoing intermediate-risk
surgery.

3.15

The Committee noted that although evidence of benefit with the CardioQ-ODM
was particularly convincing for patients undergoing gastrointestinal surgery,
benefit was also observed in patients undergoing other types of surgery.

3.16

The Committee was advised that the CardioQ-ODM cannot usually be used in
patients undergoing head and neck, oesophageal or aortic surgery and is poorly
tolerated by conscious patients after surgery.

3.17

The Committee received expert advice that the CardioQ-ODM may sometimes
be used with, rather than as an alternative to, central venous pressure
monitoring in patients undergoing surgery. It noted that this is most likely to be
the case when clinicians are gaining experience with the new technology.
Central venous catheters will still be needed in some cases for central venous
access and for administering inotropic drugs.

3.18

The Committee recognised that monitoring cardiac output is helpful in a critical
care environment. However, it concluded that there is insufficient evidence to
recommend CardioQ-ODM monitoring in preference to other techniques for
monitoring cardiac output in critical care.

3.19

The Committee considered that further research would be helpful to compare
the CardioQ-ODM with other techniques for monitoring cardiac output,
particularly in patients in the critical care environment.

3.20

The Committee recognised that trials using the CardioQ-ODM are currently
ongoing in the UK and internationally. The Committee was advised on the
relevance and impact of ongoing and recently published trials (such as the
OPTIMISE trial and the COMPETE C study) and concluded that the available
evidence supported the benefits of CardioQ-ODM.

3.21

The Committee considered that there is no evidence of adverse events which
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suggests that the use of the CardioQ-ODM is harmful to patients.
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4

NHS consider
considerations
ations

System impact
4.1

Cost savings associated with the use of the CardioQ-ODM in patients
undergoing major or high-risk surgery are largely derived from a reduction in
the length of critical care and in-hospital stay. Additional savings will result from
a reduction in post-operative complications.

4.2

A report from the NHS Technology Adoption Centre considered the potential
economic impact of the widespread adoption of the CardioQ-ODM across five
surgical specialties in the NHS. This report is published at
www.technologyadoptionhub.nhs.uk/doppler-guided-intraoperative-fluidmanagement/executive-summary.htmlht

4.3

The Committee was advised that the use of the CardioQ-ODM in a perioperative setting or critical care environment requires a trained clinician or
nurse to re-adjust the device and interpret the readings.

Committee considerations
4.4

The Committee was informed that the CardioQ-ODM has been available to the
NHS for a number of years but, although used routinely in some hospitals, could
be adopted more widely. The Committee was advised that current barriers to
wider adoption include financial, training and motivational issues.
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5

Cost consider
considerations
ations

Cost impact evidence
5.1

The economic evidence comprises a cost analysis submitted by the
manufacturer, data from a National Institute for Health Research's Health
Technology Assessment and economic results from the NHS Technology
Adoption Centre's project on intra-operative oesophageal doppler-guided fluid
management.

5.2

The manufacturer's cost analysis was undertaken from the perspective of the
NHS. The model evaluated separately the cost impact of using the CardioQODM in patients undergoing surgery and in a critical care environment. Both
arms of the model used the same comparators. The CardioQ-ODM plus
conventional clinical assessment was compared with:
conventional clinical assessment alone
central venous pressure monitoring plus conventional clinical assessment
pulse pressure waveform analysis plus conventional clinical assessment
central venous pressure monitoring plus pulse pressure waveform analysis plus
conventional clinical assessment
central venous pressure monitoring plus the CardioQ-ODM plus conventional clinical
assessment.

The key outcome in the cost analysis was length of in-hospital stay, with adverse events and
complications captured through their impact on length of stay. The time horizon chosen for the
model was the period of in-hospital care.
5.3

In the cost model for patients undergoing surgery, the baseline length of
hospital stay was 7.52 days (0.16 days in the critical care unit, 0.58 days in the
high-dependency unit and 6.78 days in a general ward). The baseline length of
stay is the stay associated with patients whose fluid status is monitored using
conventional clinical assessment alone. The base-case analysis assumed that
monitoring with the CardioQ-ODM was associated with a reduction in length of
stay of 50% in the critical care unit, and 25% in both the high-dependency unit
and the general ward, resulting in a total reduction in length of stay of 1.92 days.
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The External Assessment Centre considered that a 35% reduction in length of
stay in the critical care unit was more appropriate for monitoring with the
CardioQ-ODM, based on the evidence from randomised controlled trials.
Central venous pressure monitoring was assumed to have no impact on length
of stay in any setting. Some data used to populate the manufacturer's cost
model were considered by the External Assessment Centre to be inaccurate and
the Centre updated the model with more accurate data relating to the costs of
nurse time and bed-days in the high-dependency unit. The base-case analysis
reported that the costs associated with CardioQ-ODM monitoring in patients
undergoing surgery were lower than for any of the comparators. The corrected
incremental cost for the most relevant comparator, namely central venous
pressure monitoring, was £1062 in favour of the CardioQ-ODM based on a
7.5-day hospital stay.
5.4

Deterministic sensitivity analyses were undertaken for a range of parameter
values, including reduction in length of stay in the critical care unit, highdependency unit and general ward, baseline length of stay, device use, general
ward cost, and purchase and maintenance costs for comparator devices. The
main factors affecting cost were changes in the length of stay parameters. The
sensitivity analyses showed CardioQ-ODM to be cost saving in all cases, except
when it is assumed that central venous pressure monitoring reduces the length
of stay in the general ward by 30%.

5.5

In the cost model exploring the use of the CardioQ-ODM in patients on a critical
care unit, the baseline length of stay was 36 days. This was subdivided into
12 days on the critical care unit and 24 days on the general ward. Data for
reduction in length of stay relating to CardioQ-ODM monitoring were derived
from the only relevant randomised controlled trial available. The base-case
analysis assumed a 20% reduction in length of stay on both the critical care unit
and the general ward for patients who had CardioQ-ODM monitoring. In the
same analysis, the comparator, pulse pressure waveform analysis, was assumed
to lead to no reduction in length of stay on the critical care unit, and a 10%
reduction in length of stay on the general ward. Some data used to populate the
manufacturer's cost model were considered inaccurate by the External
Assessment Centre who updated the model with more appropriate data relating
to the cost of nurse time, bed-day costs in the high-dependency unit and for
three incorrect values that were typographical errors. Additional calculations
were carried out by the External Assessment Centre on the impact of pulse
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pressure waveform analysis on the length of stay in the critical care unit and the
subsequent length of stay on the general ward. In the revised calculation, a
reduction of length of stay on the general ward of 41% rather than 10% was
applied on the basis of the results of Pearse et al. (2005), and the incremental
cost saving with the CardioQ-ODM was £1285 compared with £3064 as cited in
the manufacturer's submission.

Committee considerations
5.6

The Committee heard from the experts that when clinicians start to use the
CardioQ-ODM, they are initially reluctant to stop using central venous pressure
monitoring until their confidence with the new technology grows. The
Committee noted that the cost model showed a marginal reduction in
incremental cost to £1022 when central venous pressure monitoring was
compared with the combination of central venous pressure and CardioQ-ODM
monitoring, from the £1062 when central venous pressure monitoring was
compared with CardioQ-ODM monitoring alone.

5.7

The Committee noted that the cost savings associated with the use of the
CardioQ-ODM for patients undergoing surgery were similar in the
manufacturer's cost analysis and in the NHS Technology Adoption Centre's
report.

5.8

The Committee concluded that the lack of convincing evidence of benefit when
the CardioQ-ODM was used in patients on the critical care unit who have not
had surgery means that there is considerable uncertainty about potential cost
savings in this clinical setting.
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6

Conclusions

6.1

The Committee concluded that the available data support a clinical benefit and a
cost saving when the CardioQ-ODM is used in patients undergoing major or
high-risk surgery or other surgical patients in whom a clinician would consider
using invasive cardiac monitoring.

6.2

The Committee considered that further research would be helpful to compare
the CardioQ-ODM with other techniques for monitoring cardiac output,
particularly in patients in the critical care environment.
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7

Implementation

7.1

NICE has developed tools to help organisations put this guidance into practice
(listed below).
Slide set highlighting key messages for local discussion.
Costing template and report to estimate the national and local savings and costs
associated with implementation.
A podcast with Dr Daniel Conway (Clinical Expert for the lead team of the Medical
Technologies Advisory Committee) and Katie Worrall (NICE implementation adviser).
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8
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Acutely ill patients in hospital: recognition of and response to acute illness in adults in hospital.
NICE clinical guideline 50 (2007).
Drotrecogin alpha (activated) for severe sepsis. NICE technology appraisal guidance 84 (2004).
Infection control: prevention of healthcare-associated infection in primary and community
care. NICE clinical guideline 2 (2003).
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Appendix B. Sources of e
evidence
vidence considered b
byy the Medical T
Technologies
echnologies
Advisory Committee
A. The External Assessment Centre report for this assessment was prepared by Cedar, Cardiff and
Vale University Health Board with support from the Support Unit for Research Evidence, Cardiff
University:
Cleves A, Carolan-Rees G, Dale M, et al CardioQ-ODM (oesophageal Doppler monitor) to
guide intravenous fluid management in patients undergoing surgery or in critical care. July
2010.
B. Submissions from the following manufacturer/sponsors:
Deltex Medical Group
C. The following people gave their expert personal view on the CardioQ-ODM oesophageal
doppler monitor by providing their expert comments on the draft scope, assessment report and
medical technologies consultation document.
Daniel Conway, nominated by the Royal College of Anaesthetists
Stuart Gold, nominated by the Royal College of Anaesthetists
Martin Kuper, nominated by the Royal College of Anaesthetists
D. The following individuals gave their expert personal view on the CardioQ-ODM oesophageal
doppler monitor in writing by completing a patient questionnaire or expert adviser questionnaire
provided to the Committee.
Daniel Conway, nominated by the Royal College of Anaesthetists
Stuart Gold, nominated by the Royal College of Anaesthetists
Max Jonas nominated by the Intensive Care Society
Martin Kuper, nominated by the Royal College of Anaesthetists
Susanne Price nominated by the British Society of Echocardiography
Howard Wakeling nominated by the Association of Anaesthetists of Great Britain and Ireland
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About this guidance
NICE medical technology guidance addresses specific technologies notified to NICE by
manufacturers. The 'case for adoption' is based on the claimed advantages of introducing the
specific technology compared with current management of the condition. This 'case' is reviewed
against the evidence submitted and expert advice. If the case for adopting the technology is
supported, then the technology has been found to offer advantages to patients and the NHS. The
specific recommendations on individual technologies are not intended to limit use of other relevant
technologies which may offer similar advantages.
This guidance was developed using the NICE medical technologies guidance process.
We have produced a summary of this guidance for the public. Tools to help you put the guidance
into practice and information about the evidence it is based on are also available.
Changes after publication
April 2015: minor maintenance
February 2013: minor maintenance.
April 2012: minor maintenance.
Your responsibility
This guidance represents the views of NICE and was arrived at after careful consideration of the
evidence available. Healthcare professionals are expected to take it fully into account when
exercising their clinical judgement. However, the guidance does not override the individual
responsibility of healthcare professionals to make decisions appropriate to the circumstances of
the individual patient, in consultation with the patient and/or guardian or carer.
Implementation of this guidance is the responsibility of local commissioners and/or providers.
Commissioners and providers are reminded that it is their responsibility to implement the
guidance, in their local context, in light of their duties to avoid unlawful discrimination and to have
regard to promoting equality of opportunity. Nothing in this guidance should be interpreted in a
way which would be inconsistent with compliance with those duties.
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and not-for-profit purposes. No reproduction by or for commercial organisations, or for
commercial purposes, is allowed without the written permission of NICE.
ISBN: 978-1-4731-1169-1
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