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Abstract
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2 School of Health and Related Research (ScHARR), University of Sheffield, UK
3 Department of Health Sciences, University of Leicester, UK
4 Academic Vascular Unit, Northern General Hospital, Sheffield, UK

* Corresponding author

Objectives: To estimate the diagnostic accuracy of
non-invasive tests for proximal deep vein thrombosis
(DVT) and isolated calf DVT, in patients with clinically
suspected DVT or high-risk asymptomatic patients, and
identify factors associated with variation in diagnostic
performance. Also to identify practical diagnostic
algorithms for DVT, and estimate the diagnostic
accuracy, clinical effectiveness and cost-effectiveness

of each.

Data sources: Electronic databases (to April 2004).

A postal survey of hospitals in the UK.

Review methods: Selected studies were assessed
against validated criteria. A postal survey of hospitals in
the UK was undertaken to describe current practice
and availability of tests, and identify additional
diagnostic algorithms. Pooled estimates of sensitivity,
specificity and likelihood ratios were obtained for each
test using random effects meta-analysis. The effect of
study-level covariates was explored using random
effects metaregression. A decision-analytic model was
used to combine estimates from the meta-analysis and
estimate the diagnostic performance of each algorithm
in a theoretical population of outpatients with
suspected DVT. The net benefit of using each algorithm
was estimated from a health service perspective, using
cost—utility analysis, assuming thresholds of willingness
to pay of £20,000 and £30,000 per quality-adjusted life-
year (QALY). The model was analysed probabilistically
and cost-effectiveness acceptability curves were
generated to reflect uncertainty in estimated cost-
effectiveness.

Results: Individual clinical features are of limited
diagnostic value, with most likelihood ratios being close
to |. Wells clinical probability score stratifies proximal,
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but not distal, DVT into high-, intermediate- and
low-risk categories. Unstructured clinical assessment by
experienced clinicians may have similar performance to
Wells score. In patients with clinically suspected DVT,
D-dimer has 91% sensitivity and 55% specificity for
DVT, although performance varies substantially
between assays and populations. D-dimer specificity is
dependent on pretest clinical probability, being higher
in patients with a low clinical probability of DVT.
Plethysmography and rheography techniques have
modest sensitivity for proximal DVT, poor sensitivity
for distal DVT, and modest specificity. Ultrasound has
94% sensitivity for proximal DVT, 64% sensitivity for
distal DVT and 94% specificity. Computed tomography
scanning has 95% sensitivity for all DVT (proximal and
distal combined) and 97% specificity. Magnetic
resonance imaging has 92% sensitivity for all DVT and
95% specificity. The diagnostic performance of all tests
is worse in asymptomatic patients. The most cost-
effective algorithm discharged patients with a low Wells
score and negative D-dimer without further testing,
and then used plethysmography alongside ultrasound,
with venography in selected cases, to diagnose the
remaining patients. However, the cost-effectiveness of
this algorithm was dependent on assumptions of test
independence being met and the ability to provide
plethysmography at relatively low cost. Availability of
plethysmography and venography is currently limited at
most UK hospitals, so implementation would involve
considerable reorganisation of services. Two algorithms
were identified that offered high net benefit and would
be feasible in most hospitals without substantial
reorganisation of services. Both involved using a
combination of Wells score, D-dimer and above-knee
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ultrasound. For thresholds of willingness to pay of
£10,000 or £20,000 per QALY the optimal strategy
involved discharging patients with a low or
intermediate Wells score and negative D-dimer,
ultrasound for those with a high score or positive
D-dimer, and repeat scanning for those with positive
D-dimer and a high Wells score, but negative initial
scan. For thresholds of £30,000 or more a similar
strategy, but involving repeat ultrasound for all those
with a negative initial scan, was optimal.
Conclusions: Diagnostic algorithms based on a
combination of Wells score, D-dimer and ultrasound
(with repeat if negative) are feasible at most UK
hospitals and are among the most cost-effective. Use of
repeat scanning depends on the threshold for
willingness to pay for health gain. Further diagnostic

testing for patients with a low Wells score and negative
D-dimer is unlikely to represent a cost-effective use of
resources. Recommendations for research include the
evaluation of the costs and outcomes of using the
optimal diagnostic algorithms in routine practice, the
development and evaluation of algorithms appropriate
for specific groups of patients with suspected DVT,
such as intravenous drug abusers, pregnant patients and
those with previous DVT, the evaluation of the role of
plethysmography: interaction with other diagnostic
tests, outcome of low-risk patients with negative
plethysmography and measurement of the costs of
providing plethysmography, and methodological
research into the incorporation of meta-analytic data
into decision-analytic modelling.
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Executive summary

Background

A wide range of diagnostic tests may be useful in
diagnosing deep vein thrombosis (DVT), including
clinical assessment, D-dimer, plethysmography,
rheography, ultrasound, computed tomographic
(CT) scanning, magnetic resonance imaging (MRI)
and venography. These may be used in isolation
or combined as an algorithm.

Objectives

The objectives of the study were:

¢ To estimate the diagnostic accuracy of non-
invasive tests for proximal DVT and isolated
calf DVT, in patients with clinically suspected
DVT or high-risk asymptomatic patients, and
identify factors associated with variation in
diagnostic performance.

¢ To identify practical diagnostic algorithms for
DVT, and estimate the diagnostic accuracy,
clinical effectiveness and cost-effectiveness of
each.

Methods

Data sources

Diagnostic test data and diagnostic algorithms
were sought from electronic searches of
MEDLINE, EMBASE, CINAHL, Web of Science,
Cochrane Database of Systematic Reviews,
Cochrane Controlled Trials Register, Database of
Reviews of Effectiveness, NHS Economic
Evaluations Database, Health Technology
Assessment database, BIOSIS and the ACP
Journal Club, 1966-2004. Additional diagnostic
test data were sought from the bibliographies of
articles included in the review and contact with
manufacturers of assays and instruments.

A postal survey of hospitals in the UK was
undertaken to describe current practice and
availability of tests, and identify additional
diagnostic algorithms.

Study selection
Diagnostic cohort studies published in English,
French, Spanish or Italian that compared a non-
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invasive diagnostic test for DVT to an acceptable
reference standard were included in the review.

Data extraction

Details of study setting, recruitment, exclusions,
population characteristics, reference standard,
operator and results were extracted. Quality was
judged against validated criteria.

Data synthesis

Pooled estimates of sensitivity, specificity and
likelihood ratios were obtained for each test using
random effects meta-analysis (MetaDISC software).
The effect of study-level covariates was explored
using random effects metaregression. A decision-
analytic model was used to combine estimates
from the metaanalysis and estimate the diagnostic
performance of each algorithm in a theoretical
population of outpatients with suspected DVT.
The net benefit of using each algorithm was
estimated from a health service perspective, using
cost—utility analysis, assuming thresholds of
willingness to pay of £20,000 and £30,000 per
quality-adjusted life-year (QALY). The model was
analysed probabilistically and cost-effectiveness
acceptability curves were generated to reflect
uncertainty in estimated cost-effectiveness.

Results

Individual clinical features are of limited
diagnostic value, with most likelihood ratios being
close to 1. Wells clinical probability score stratifies
proximal, but not distal, DVT into high-,
intermediate- and low-risk categories.
Unstructured clinical assessment by experienced
clinicians may have similar performance to Wells
score. In patients with clinically suspected DV,
D-dimer has 91% sensitivity and 55% specificity
for DVT, although performance varies
substantially between assays and populations. D-
dimer specificity is dependent on pretest clinical
probability, being higher in patients with a low
clinical probability of DVT. Plethysmography and
rheography techniques have modest sensitivity for
proximal DV, poor sensitivity for distal DV, and
modest specificity. Ultrasound has 94% sensitivity
for proximal DVT, 64% sensitivity for distal DVT
and 94% specificity. Computed tomography
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scanning has 95% sensitivity for all DVT (proximal
and distal combined) and 97% specificity.
Magnetic resonance imaging has 92% sensitivity
for all DVT and 95% specificity. The diagnostic
performance of all tests is worse in asymptomatic
patients.

The most cost-effective algorithm discharged
patients with a low Wells score and negative
D-dimer without further testing, and then used
plethysmography alongside ultrasound, with
venography in selected cases, to diagnose the
remaining patients. However, the cost-effectiveness
of this algorithm was dependent on assumptions
of test independence being met and the ability to
provide plethysmography at relatively low cost.
Awailability of plethysmography and venography is
currently limited at most UK hospitals, so
implementation would involve considerable
reorganisation of services.

Two algorithms were identified that offered high
net benefit and would be feasible in most hospitals
without substantial reorganisation of services.
Both involved using a combination of Wells score,
D-dimer and above-knee ultrasound. For
thresholds of willingness to pay of £10,000 or
£20,000 per QALY the optimal strategy involved
discharging patients with a low or intermediate
Wells score and negative D-dimer, ultrasound for
those with a high score or positive D-dimer, and
repeat scanning for those with positive D-dimer
and a high Wells score, but negative initial scan.
For thresholds of £30,000 or more a similar
strategy, but involving repeat ultrasound for all
those with a negative initial scan, was optimal.

Conclusions

Implications for healthcare

Diagnostic algorithms based on a combination of
Wells score, D-dimer and ultrasound (with repeat
if negative) are feasible at most UK hospitals and
are among the most cost-effective. Use of repeat
scanning depends on the threshold for willingness
to pay for health gain. Further diagnostic testing
for patients with a low Wells score and negative
D-dimer is unlikely to represent a cost-effective
use of resources.

Recommendations for research
The recommendations for further research include
the following:

* Evaluation of the costs and outcomes of using
the optimal diagnostic algorithms in routine
practice,

* The development and evaluation of algorithms
appropriate for specific groups of patients with
suspected DVT, such as intravenous drug
abusers, pregnant patients and those with
previous DV'L;

* The evaluation of the role of plethysmography:
interaction with other diagnostic tests, outcome
of low-risk patients with negative
plethysmography and measurement of the costs
of providing plethysmography,

* Methodological research into the incorporation
of meta-analytic data into decision-analytic
modelling.
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Chapter |

Introduction

Background

Venous thromboembolism consists of a spectrum
of clinical disorders, including asymptomatic deep
vein thrombosis (DVT), symptomatic DVT and
pulmonary embolus (PE). DVT limited to the calf
veins (below-knee or distal DVT) is often
asymptomatic and rarely associated with adverse
outcomes.! DVT that extend above the knee
(proximal DVT) carry a significant risk of
propagation to form PE, resulting in cardiac or
respiratory compromise and, in severe cases,
death. In addition, DVT may itself be associated
with significant morbidity through the
development of post-thrombotic syndrome (PTS).

Incidence of DVT

Venous thromboembolism affects approximately
100 persons per 100,000 population per year.?
Approximately one-third present with features of
PE (such as chest pain or difficulty in breathing),
while two-thirds present with features of DVT
(such as calf pain or swelling).? Incidence increases
with age, rising exponentially from less than 5 per
100,000 per year in those aged under 15 to over
500 per 100,000 per year in those aged over

80 years.? A number of risk factors have been
identified for venous thromboembolism. Strong
risk factors are: major general surgery, major
trauma, hip or knee replacement surgery, hip or
leg fractures and spinal cord injury. Other risk
factors include malignancy, previous DVT or PE,
cardiac or respiratory failure, prolonged immobility,
pregnancy, oestrogen therapy and obesity.”

Diagnostic testing for DVT is thus typically
indicated for two distinct groups: patients
presenting with clinically suspected DV and
asymptomatic patients with strong risk factors for
DVT. The distribution of DVT differs markedly
between these two groups. Most patients with
clinically suspected DVT have proximal DV,
whereas most asymptomatic patients have isolated
distal DVT.! This has important implications for
their diagnosis and treatment.

Treatment of DVT

Treatment for DVT is well established.*
Anticoagulation is initially provided by
intravenous or subcutaneous heparin, followed by

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

oral warfarin for a period of between 6 weeks and
6 months. Anticoagulation aims to reduce the risk
of recurrent DVT, post-thrombotic syndrome and
development of PE. The benefit of treatment is
thus related to the risks of these outcomes and is
substantially greater for patients with proximal
DVT. Anticoagulation carries a significant risk of
haemorrhage, which in severe cases may be fatal.’
Thus, decision-making involves weighing the
potential benefits and risks of anticoagulant
treatment. It is generally accepted that, for
patients with proximal DVT, the benefits outweigh
the risks and anticoagulation is indicated. For
patients with distal DVT the decision is much less
clear. Although distal DVT do not usually require
treatment they may extend over time to form
proximal DVT.”

Diagnostic testing for DVT

Traditionally, DVT has been diagnosed by contrast
venography. This technique allows excellent
visualisation of the venous system and
identification of both proximal and distal DVT.

It is thus regarded as the reference standard for
DVT diagnosis. However, it has a number of
limitations. The use of intravenous contrast may
be contraindicated by pregnancy, renal failure or
known allergy; the procedure may be technically
difficult; it is expensive and requires expert
interpretation, and it is often uncomfortable for
the patient. This has led to the search for cheaper,
simpler, non-invasive tests for DV'T.

Clinical assessment

The simplest approach to diagnosis involves using
the clinical history and examination. A number of
individual clinical symptoms and signs may be
useful in diagnosis. These may be used by an
experienced clinician to estimate an overall
clinical probability of DVT (an empirical estimate
of clinical probability). Recent research has
focused on developing clinical scores that risk-
stratify patients by combining a number of clinical
features. The most widely used of these is the
Wells score.® Patients are categorised using a
clinical model into high-, intermediate- and low-
risk groups. A recent modification of the score
uses only two categories: DVT likely and DVT
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unlikely.? Clinical scores have the theoretical
advantages over empirical estimates of clinical
probability of being more easily reproducible and
less dependent on clinician skill and experience.

D-dimer

D-dimer is a plasmin-mediated proteolytic
derivative that is specific for cross-linked fibrin
and can be detected on routine blood testing.
Elevated plasma D-dimer levels are seen with a
number of conditions, including DVT. There are
three main methods of D-dimer detection:
enzyme-linked immunosorbent assay (ELISA),
latex-agglutination assay and whole-blood
agglutination. ELISA appears to be highly
sensitive, but assays may be time consuming to
perform and lack specificity.!” Latex-agglutination
and whole-blood agglutination assays are rapid,
but are usually considered to have poorer
sensitivity,'” although more recent latex assays
have better sensitivity. ELISA and latex-
agglutination assays are usually quantitative,
laboratory-based assays, whereas the commonly
used whole-blood agglutination assay (SimpliRED)
is a qualitative test, available for point-of-care use.

A substantial amount of research has been
published relating to the diagnostic accuracy of
D-dimer for DVT.!! These studies have used a
variety of different assays and diagnostic thresholds,
and have varied in their inclusion of patients with
conditions know to cause elevations of D-dimer:
malignancy, infection, pregnancy, trauma and
surgery. This has led to substantial variation in
reported sensitivity and specificity, and confusion
regarding the appropriate role for D-dimer.

Plethysmography and rheography
techniques

Plethysmography is the measurement of changes
in volume of a limb in response to changes in
blood volume. In the diagnosis of DVT, changes in
limb volume with respiration and the rate of
change in response to release of an occlusive cuff
on the proximal thigh give information about the
patency of the venous system of the lower limb.
Changes in limb volume can be measured directly
by surrounding the limb in an air-filled cuff or by
the use of strain gauges placed circumferentially
around the limb, or indirectly by measuring
changes in the electrical impedance of the limb.

Phleborheography is based on the measurement of
changes in lower limb volume, and thus lower
limb venous outflow, in response to respiration.

It involves the simultaneous measurement of
changes of pressure in cuffs placed around the

epigastrium, thigh and calf. The normal phasic
pattern of venous outflow with respiration is lost
or diminished in acute DVT.

In light reflection rheography near-infrared light is
beamed into the skin of the limb being studied and
the quantity reflected is measured. The degree of
reflection is determined by the filling of the dermal
venous plexus. Changes in the degree of reflection,
and therefore the filling of the venous plexus, in
response to manoeuvres such as repeated
dorsiflexion of the foot give an indication of the
patency of the deep veins of the lower limb.

Plethysmography and rheography techniques have
been investigated for over 30 years, so it is
surprising that consensus has not yet been reached
regarding their role. Variation in technique and
operator may contribute to variation in the
reported accuracy. Most data are available on
impedance plethysmography.'? Sensitivity and
specificity appear to be reasonable for proximal
DVT in symptomatic patients, but poor for

distal DVT and asymptomatic patients.

Ultrasound

Ultrasound scanning has made considerable
technological progress over the past 30 years.
Continuous wave Doppler assessment is a non-
invasive imaging method to assess the presence of
flowing blood in arteries or veins. The simplest
imaging ultrasound technique is grey-scale (B-
mode) ultrasound imaging, which allows direct
visualisation of the vessel lumen. Grey-scale
imaging has more recently been supplemented by
a range of Doppler ultrasound techniques that
add to the analysis of blood flow by the grey-scale
image, using techniques such as gated flow
velocity waveform analysis, colour flow imaging
and power Doppler. The advantages of colour flow
imaging are mainly in helping to identify the deep
veins, particularly in the calf. The ultrasound
techniques used to diagnose DVT include
assessment of venous compressibility (normal veins
can be completely compressed), direct clot
visualisation on the grey-scale image and using
Doppler, colour flow and power Doppler imaging
to help further identify areas of venous
thrombosis. Although readily acceptable to
patients, ultrasound requires an expert operator,
and can be time consuming, particularly if the calf
veins are examined.

The diagnostic accuracy of ultrasound has been
widely studied.'?"!5 As with plethysmography,
variation in the technique used and the operator
may limit the conclusions that can be drawn.
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Ultrasound seems to have better sensitivity and
specificity than impedance plethysmography,'?
although sensitivity for distal DVT'* and sensitivity
in asymptomatic patients' are far from optimal.

Repeat or serial ultrasound

In many centres initial ultrasound scanning is
followed by a repeat scan 1 week later if the initial
scan is normal.'®2° From an epidemiological
perspective this approach makes little sense. If the
repeat scan is independent of the first then,
having detected most cases of DVT by the initial
scan, one would expect most positive results on
the repeat scan to be false positives.

The rationale for this approach is therefore
pathophysiological. Ultrasound does not detect
distal DVT very well, but distal DVT do not
require treatment unless they propagate to form
proximal DVT. It is estimated that a substantial
proportion of distal DVT propagate in this way.”
The aim of the repeat scan is to detect distal DV'T
that have propagated to form proximal DVT. This
approach seems to assume that the repeat scan has
very high specificity and does not generate many
false-positive results. This is probably reasonable
because patients with conditions likely to cause a
false-positive scan will have had a positive initial
scan and will therefore not have proceeded to
repeat scanning. However, the empirical evidence
to support this is very limited.

Computed tomography and magnetic
resonance imaging

Computed tomography (CT) and magnetic
resonance imaging (MRI) are powerful imaging
tools that allow a detailed assessment of patient
anatomy and can be used throughout the body.
Their role in the diagnosis of DVT is relatively new.

CT uses a technique that usually depends on
conventional iodinated contrast being present in
the deep veins of the lower limb during scanning.
This can be achieved by techniques similar to
lower limb venography, with contrast injected into
the foot. More usually, contrast is injected into a
peripheral arm vein and the scan timed to
coincide with the passage of the bolus of contrast
into the deep veins of the leg. The diagnosis of
DVT can be made by the direct visualisation of
thrombus in the vein, or by inference when a
section of vein does not fill with contrast.

MRI can use techniques to image blood flow that
do not require the use of contrast agents, and rely
on the intrinsic properties of flowing blood and
how this appears on a magnetic resonance (MR)
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image to visualise the veins. However, the imaging
of vascular structures is often improved by the use
of MRI contrast agents. These can be either
injected into a vein in the foot or given as a
peripheral arm injection with imaging timed for
optimal imaging of lower limb veins, these
techniques being analogous to those described for
CT imaging. MRI can produce subtracted images
to highlight vascular structures, both arteries and
veins. In a similar way to CT the presence of
thrombus can be assessed by direct visualisation,
or by inference when a section of vein is not
visualised as would be expected if it contained
normal flowing blood. MR techniques have also
been described that allow direct thrombus imaging
within the deep veins.

CT and MRI share many of the disadvantages of
contrast venography. They are relatively expensive
techniques that require expert interpretation.
Contrast agents can be more easily injected via an
arm vein, but still carry risks of anaphylaxis. CT
has an additional disadvantage of requiring a
substantial radiation dose.

Diagnostic algorithms

None of these diagnostic modalities has the ideal
characteristics of being low cost, perfectly accurate,
reliable, easy to operate and convenient for the
patient. Indeed, it is apparent that non-invasive
tests for DVT form a spectrum from the low cost
and relatively inaccurate (clinical scores, D-dimer)
to the more expensive and accurate (ultrasound,
CT and MRI). This has two important implications:

e It is likely that an optimal approach to
diagnosis involves a combination of tests, with
low-cost, simple methods (such as a clinical
score) being used to select patients for
subsequent diagnostic testing, and expensive,
accurate tests being reserved for cases where
they are of greatest value.

e It is likely that deciding what constitutes an
optimal diagnostic approach will involve
weighing the risks and benefits of treating
patients with and without DVT. This in turn
involves weighing the benefit of accurate testing
against its cost. The choice of an optimal
diagnostic strategy, from the health service
perspective, is thus ultimately determined by
considerations of cost-effectiveness.

Current practice in the NHS

Before making judgements regarding the
appropriate combination of tests for diagnosing
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DVT the researchers needed to know more about
current practice in the NHS. This will help to
determine what tests are currently available and
what variations in practice exist. A postal survey of
255 emergency departments in the UK was
carried out to determine what diagnostic tests are
currently used for patients presenting with
suspected DVT. The response rate was 73%
(186/255). The results are shown in Figure 1.

Ultrasound and laboratory-based D-dimer were
the most commonly used tests. Three-quarters of
departments reported that they had a protocol or
an algorithm to guide diagnosis (135/180) and 61
departments sent a copy of their algorithm.
Review of these algorithms revealed that 16 were
actually management algorithms, concerning
diagnosed DVT, while 45 were genuine diagnostic
algorithms. In most cases the protocol involved a
combination of Wells clinical score, D-dimer and
ultrasound, although the decisions made on the
basis of test results varied among protocols. For
example, some protocols advised no further
testing for patients with a low Wells score, whereas
others advised D-dimer or ultrasound. This survey
therefore shows that current practice in the UK
reflects uncertainty as to the role of non-invasive
diagnostic tests for DVT, and that strategies
involving a combination of tests are widely used.

An optimal approach to diagnostic
testing

Despite the substantial amount of literature
available there does not appear to be a consistent
approach to the diagnosis of DVT. There are
several reasons for this. These issues must be
addressed in order to develop an optimal
approach to diagnostic testing.

There is considerable heterogeneity in the
findings of primary studies into diagnostic
modalities.”!? This may be due to variation in
setting, selection of patients, techniques used,
methodological standards or reporting of
results. Few existing reviews have explored these
potential causes of heterogeneity.

Even if the diagnostic parameters of individual
tests are known, there is a need to know how
these tests perform when combined; specifically,
whether they are independent of each other
and whether diagnostic performance is
dependent on pretest probability.

Little attention has been paid to the health
benefits of diagnostic tests. Knowledge of the
sensitivity and specificity of a testing regimen
should only guide practice if the benefits of
treating true positives and the risks of treating
false positives and not treating false negatives
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are considered and analysed. The sensitivity
and specificity of diagnostic strategies must be
combined with treatment/non-treatment
outcomes to estimate final health outcomes that
are meaningful to patients.

e Much of the advantage of using clinical
assessment and non-invasive tests lies in
reducing health service costs. Assimilation of
data needs to include evaluation of the trade-off
between increasing the cost and increasing the
effectiveness of assessment.

These latter issues have been explored using
modelling techniques. Perone and colleagues®
concluded that combining clinical probability
with a single ultrasound examination was the most
cost-effective strategy, whereas Kim and
colleagues®? concluded that bilateral ultrasound
with a repeat examination was a cost-effective
approach. It is not clear how strategies were
selected for evaluation in these studies, whether
analyses were based on a systematic review of the
best available data, what criteria were used for
decision making and whether the results are
applicable to the NHS.

1

Hence, it is apparent that, despite a substantial
volume of primary research, few firm conclusions
can be drawn regarding appropriate diagnostic
strategies for suspected DVT. Yet there is a strong
demand for implementation of a non-invasive
strategy, as contrast venography is invasive and
has a limited availability. While there may be
limitations in the primary data, it is clear that a
more rigorous and extensive secondary analysis is
needed to guide decision making. This needs to
go beyond systematic review and meta-analysis.
Modelling is needed to define and explore the
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trade-offs involved in diagnosis, to handle
uncertainty produced by limitations of empirical
data and to identify the areas where further
primary research would be most valuable.

Aims and objectives

The aim was to use secondary research methods to
measure the accuracy, clinical effectiveness and
cost-effectiveness of diagnostic tests for DV'T.

The specific objectives were:

¢ to estimate the diagnostic accuracy of clinical
assessment, D-dimer, plethysmography and
rheography techniques, ultrasonography, MRI
and CT scanning for proximal and isolated calf
DVT

¢ to identify factors that are associated with
variation in diagnostic performance

¢ to identify feasible algorithms for the diagnosis
of DVT involving combinations of clinical
assessment and diagnostic tests, and measure
the diagnostic accuracy of each algorithm

e to assess the benefit of diagnostic strategies in
clinically relevant terms, such as mortality and
quality of life

e to estimate the cost-effectiveness (net benefit) of
each diagnostic algorithm

¢ to explore the consistency of findings in
different settings and different patient groups
(symptomatic versus asymptomatic patients,
postoperative patients, patients with recent
trauma, pregnancy, past history of
thromboembolism, malignancy or obesity), and
for different baseline prevalences of DVT

¢ to determine what future research is required to
improve the reliability of estimates.
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Chapter 2

Systematic reviews and meta-analysis of non-invasive
diagnostic tests: methods

Asystematic review of the literature and meta-
analysis was undertaken to estimate the
diagnostic accuracy for proximal and distal DVT
of each of the following tests:

e clinical assessment: individual clinical
characteristics and composite clinical scores

e D-dimer assays: latex, ELISA and whole-blood
agglutination

e plethysmography and rheography techniques:
impedance, strain-gauge and air
plethysmography, phleborheography and light-
reflex rheography

e ultrasonography

e CT scan

® MRI scan.

The aim was to identify all diagnostic cohort
studies that compared the test in question to a
reference standard for DVT. The ideal reference
standard would be venography. However, since
non-invasive testing has become more widespread
and accepted as a potential reference standard,
few studies now use venography as a reference
standard. Therefore, different reference standards
were accepted for the different tests.

e Ultrasound: only studies using venography as a
reference standard were sought.

e Plethysmography, rheography, CT and MRI:
studies using venography or ultrasound as a
reference standard were sought.

e Clinical features and D-dimer: studies using any
other non-invasive test or venography as a
reference standard were sought.

Literature search

The following electronic databases were searched
using the search strategies outlined in

Appendix 1: MEDLINE (1966 to April 2004),
EMBASE (1980 to April 2004), CINAHL (1982 to
April 2004), Web of Science (1970 to April 2004),
BIOSIS (1985 to April 2004), Cochrane Database
of Systematic Reviews, Cochrane Controlled Trials
Register, Database of Reviews of Effectiveness,
NHS Economic Evaluations Database, Health
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Technology Assessment database, and the ACP
Journal Club (all 1991 to April 2004). The
bibliographies of all articles selected for the review
were scanned for potentially relevant articles that
were not identified by the original search.
Manufacturers of assays and instruments were
contacted to identify unpublished studies.

Selection of studies

The titles and abstracts of all articles identified by
the search strategy were screened by two reviewers
(FS and SG), who independently determined
whether the article could potentially describe the
diagnostic performance of the non-invasive test
under review, compared with the appropriate
reference standard. A kappa score was calculated
and disagreements were resolved by discussion.
Full copies of all selected articles were retrieved.
These articles were then reviewed by the same two
reviewers, who independently selected articles that
measured the diagnostic performance of the non-
invasive test, compared with the appropriate
reference standard test. A kappa score was
calculated and disagreements were resolved by
discussion.

Exclusion criteria
The following studies were excluded:

e prognostic studies (i.e. cohort studies that
measured the risk of DVT developing after
testing, rather than the probability of DVT
being present at the time of testing)

e case—control studies (i.e. studies in which
patients were selected on the basis of the results
of their reference standard test)

e studies with fewer than ten patients

¢ studies published in languages other than
English, French, Spanish or Italian

¢ studies of patients with suspected PE, except for
the review of CT scanning, where such studies
provide most of the available evidence.

If a study was published as an abstract or letter the
authors were contacted to ask for details of the
data. If it was not possible to extract the necessary
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data from the published report the authors were
contacted for clarification, provided the study was
published in the past 10 years.

Quality of studies

The quality of each study was assessed according
to the following criteria:

e Was application of the reference standard:
— independent of the results of the non-invasive
test
— dependent on the results of the non-invasive test
— unclear?
e Was non-invasive testing performed/interpreted
by observers who were:
— blind to the reference standard result
— aware of the reference standard result
— unclear?
e Was the reference standard performed/
interpreted by observers who were:
— blind to the results of the non-invasive test
— aware of the results of the non-invasive test
— unclear?

Independence of the reference standard relates to
circumstances where more than one reference
standard was applied, or where a single reference
standard could be applied in different ways.

If all study participants received the same
reference standard applied in the same way, then
the reference standard was clearly independent.

If the reference standard was applied by carers or
researchers who were blind to the non-invasive test
result, then the reference standard would also be
considered to be independent. However, if
application of the reference standard could have
varied between patients (e.g. if some received
ultrasound scanning and follow-up, whereas others
received scanning without follow-up) and the
decision to apply the reference standard was made
by someone who was, or could have been, aware of
the non-invasive test result, then the reference
standard was considered to be either dependent or
unclear.

Several checklists have been published that can be
used to assess the quality of articles evaluating
diagnostic tests.?>* However, most criteria on
these checklists relate to quality of reporting, rather
than validity, and those that do relate to validity
may not be supported by empirical evidence.
Furthermore, using checklists with multiple criteria
to assess quality may prove difficult to interpret,
particularly as it may not be appropriate to
combine criteria into a composite score. Therefore,

three key quality indicators were selected that have
been shown empirically to be associated with
design-related bias in studies of diagnostic tests.?

Data extraction

The following data were extracted from each article:

¢ whether patients were being investigated for
clinically suspected DVT or were asymptomatic
patients being screened because of a high risk
of DVT

¢ the setting for patient recruitment: emergency

department, primary care, outpatient clinic,

in-hospital or mixed setting

patient groups excluded from the study

whether patient recruitment was consecutive or not

whether data collection was prospective or not

population characteristics: mean age, age

range, gender balance

¢ the prevalence of all DVT, and proximal and
distal DVT if reported separately

¢ the operator or observer performing/interpreting
the test

¢ the interobserver error of interpretation of the
non-invasive test
the reference standard(s) used
the quality criteria outlined above

¢ the reported sensitivity and specificity of the
non-invasive test

e the number of true positives (all DV'T; proximal
DVT and distal DVT), true negatives, false
positives and false negatives (all, proximal and
distal)

Full details of proximal and distal DVT were only
available if an adequate reference standard was
used (usually venography) and if data were fully
reported. In these circumstances ‘all DVT” referred
to proximal and distal DVT combined. Sensitivity
was calculated for all DVT combined, and for
proximal and distal DVT separately. In other
circumstances ‘all DV'1” referred to all the cases of
DVT reported, with no attempt being made to
analyse proximal and distal DVT separately.

For ultrasound, where the reference standard was
always venography, an attempt was made to
identify how proximal and distal DVT had been
handled if they were not reported separately.
Studies were classified as:

proximal and distal DVT reported together
only proximal DVT reported

only distal DVT reported

reporting not clear.
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This was not possible for other technologies, for
two reasons: (1) when a reference standard other
than venography was used it was usually unclear
how proximal and distal DVT were handled; and
(2) if follow-up or repeat scanning was used to
identify DVT; it was impossible to determine
whether DVT had been proximal or distal at the
time of presentation.

Other data items were recorded for specific tests:

¢ clinical assessment: whether clinical features
were recorded on a standard pro forma or
abstracted from case notes

e D-dimer: the type of assay (latex, ELISA or
whole-blood agglutination), name of assay,
threshold used and manufacturer

e plethysmography: type of plethysmograph
(impedance, strain-gauge or air), and whether
results were interpreted by an observer or
generated automatically

e ultrasound: compression, continuous wave
Doppler or colour Doppler

e MRI and CT: whether intravenous contrast was
used.

Statistical analysis

Meta-analysis

Meta-analysis was undertaken to obtain pooled
estimates of sensitivity specificity and likelihood
ratios. Estimates of sensitivity for all DVT and
specificity were obtained using data from all
studies. Estimates of sensitivity for proximal and
distal DVT were obtained using data from studies
that reported these separately. In all analyses
specificity refers to the ability of the test to identify
correctly cases without DV'T. No attempt was made
to recalculate specificity assuming that distal DVT
were classified as normal.

Analyses of all diagnostic tests were undertaken,
with the exceptions noted below, using MetaDiSc
statistical software.?” Cohorts of patients with
clinically suspected DV, asymptomatic cohorts
and mixed cohorts were analysed separately. For
each diagnostic test a random effects model was
used to calculate, with 95% confidence intervals,
the pooled sensitivity for all DVT, pooled sensitivity
for proximal DV, pooled sensitivity for distal DVT
and pooled specificity for no DVT. Where zero
counts occurred for study data, a continuity
correction of 0.5 was added to every value for that
study in order to make the calculation of sensitivity
and specificity defined. A x? test of heterogeneity
was performed for each analysis.
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A different approach was used for clinical
assessment. For individual clinical characteristics
a random effects model was used, as implemented
by MetaDiSc software, to calculate pooled
estimates of the positive and negative likelihood
ratios with 95% confidence intervals. This
approach was used because individual clinical
features are unlikely to be used in isolation to
rule in or rule out DVT. Instead, they are more
likely to be used in a Bayesian approach to
modify estimates of the likelihood of DVT.
Hence, likelihood ratios give a better impression
of the potential value of each clinical

feature.

Clinical scores tend to use three categories, so
analysis was more complex than for a dichotomous
test. Results are usually reported as the prevalence
of DVT in each category. This is similar to
reporting the positive and negative predictive
values of a dichotomous test, and would be
expected to vary with the population prevalence of
DVT. Therefore, data were analysed by
determining for each study how cases with DVT
and those without DVT were categorised. This is
similar to analysing the sensitivity and specificity
of a dichotomous test.

In addition, a different approach to meta-analyses
of clinical scores had to be developed because
statistical software, such as MetaDiSc, does not
allow for meta-analysis of diagnostic tests with
more than two categories. Ordinal logistic
regression, including a random study effect
coefficient, was carried out to estimate the
probability of being categorised as high,
intermediate and low risk using separate models
for those with any DVT, those with a proximal
DVT, those with a distal DVT and those without
DVT. From this analysis, it was possible to estimate
sensitivity and specificity for two possible decision
thresholds: high versus intermediate and low, and
high and intermediate versus low. A combination
of the NLMIXED procedure in SAS* and
WinBUGS software?’ was used for the analysis.
Pooled estimates of likelihood ratios for

high-risk (versus intermediate and low risk) and
low-risk (versus high and intermediate risk)
categories were calculated using MetaDiSc
software.

Metaregression

Meta-analysis of diagnostic test data often reveals
substantial heterogeneity between the results of
individual studies. In these circumstances, if
sufficient numbers of studies are available,
metaregression may be useful for identifying
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study-level covariates that predict variation in
diagnostic performance. Metaregression was
undertaken if a test supported by a substantial
number of studies was identified, but

with evidence of heterogeneity among

results.

Random effects metaregression was undertaken
using STATA statistical software. Any covariate that
showed an association with sensitivity or specificity
(p < 0.1) was selected, and subgroups of studies
identified by such covariates were meta-analysed
separately. A different approach was used for
clinical scores that had more than two diagnostic
categories. The ordinal regression model outlined
above was extended to fit a summary receiver
operating characteristic (SROC) curve through
the data, and the influence of adding covariates
into the model on the shape of the curve was
explored.*

The following covariates were used in
metaregression:

e population characteristics: age, gender and
prevalence of DVT

¢ exclusion criteria used (if reported in a
sufficient number of studies)

e the reference standard used

¢ the setting for patient recruitment (emergency
department, primary care, outpatient clinic,
in-hospital, or a combination of these)

e quality criteria.

If the analysis was supported by only a limited
number of studies, or studies of poor quality,
then heterogeneity was explored in a more
subjective manner. Articles were reread by
reviewers and attempts made to identify potential
factors that could explain the observed
heterogeneity.
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Chapter 3

Systematic reviews and meta-analysis of non-invasive
diagnostic tests: results

ver 10,000 articles were scanned for the
literature review. The results of the selection
process are summarised in Table 1.

Clinical assessment

In total, 3332 titles/abstracts were scanned and 97
potentially relevant articles selected for retrieval
(kappa=0.85). Review of the full articles identified
68 that met the inclusion criteria (kappa=0.86).
Three of these duplicated data published
elsewhere and were excluded. No appropriate data
could be extracted or analysed from a further

18 articles, despite attempts to contact the
authors. Review of the bibliographies of the
selected articles identified two additional articles
for inclusion. Thus, 49 articles were included in
the meta-analysis: 29 reported clinical features®' ="
and 24 reported clinical scores,31:34:35.98.60-77
Four reported both.?!-435.58

Individual clinical features

Data were extracted from 29 studies, reporting 31
cohorts evaluating individual clinical features,
outlined in Appendix 2 (Table 30). DVT prevalence
ranged from 12 to 70% (median 33%). Prevalence
of proximal and distal DVT was reported by 13
cohorts, with a proportion of proximal DVT (of all
DVT detected) ranging from 18 to 92% (median
75%). Mean age ranged from 45 to 69 (median
56) years. The male to female ratio ranged from
30% male to 61% male (median 40% male).

TABLE | Selection of articles from literature searches

Clinical

assessment
Abstracts/titles scanned 3332
Articles selected for retrieval 97
Kappa for retrieval 0.85
Retrieved articles selected for inclusion 68
Kappa for inclusion 0.86
Unable to extract relevant data 18
Same data published elsewhere 3
Additional articles identified from

bibliography or other sources 2

Articles included in the meta-analysis 49

Cohorts were recruited from the following settings:
outpatient clinic (nine), inpatients (eight),
emergency department (three), mixed (four) and
not stated (seven). Recruitment was reported to be
consecutive in 14 cohorts and prospective in 20.
Most cohorts did not report exclusion criteria. The
only exclusions reported with any frequency were
past history of thromboembolism (six cohorts),
anticoagulated patients (five) and pregnancy (three).

Data were collected on a standardised pro forma
for nine cohorts, were abstracted from case notes
for five and were not reported by 17. Data were
recorded by a physician for 11 cohorts, a trained
nurse for one and were not reported for 19. The
reference standard was venography for 18 cohorts
and ultrasound for 13.

Quality criteria were recorded as follows:

e The reference standard was applied
independently of the results of clinical
assessment in 28 cohorts, was dependent in two
and was unclear in one.

¢ Clinical features were interpreted blind to the
reference standard in ten cohorts and
interpretation was unclear in 21.

e The reference standard was interpreted blind to
the clinical features in five cohorts, was
interpreted by unblinded observers in one and
interpretation was unclear in 25.

The results of meta-analysis are outlined in
Table 2. 1f a likelihood ratio of greater than 2 is

D-dimer Plethysmo- Ultrasound CT MRI
graphy
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247 254 400 42 35
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15 22 9 3 |

6 8 6 2 2

0 4 6 0 |

110 88 142 9 14
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TABLE 2 Diagnostic value of clinical features for DVT

Clinical feature Number of  Likelihood ratio  p-Value for Likelihood ratio  p-Value for
studies of positive heterogeneity of negative heterogeneity

feature feature

(95% CI) (95% CI)
Calf pain 12 1.08 (0.96 to 1.2) 0.005 0.90 (0.78 to 1.03) 0.005
Calf swelling 13 1.34 (1.17 to 1.53) <0.001 0.66 (0.56 to 0.77) 0.047
Past history of DVT 9 2.54 (1.79 to 3.61) <0.001 0.88 (0.85 to 0.92) 0.173
Malignancy 17 2.61 (2.03 to 3.36) 0.004 0.88 (0.83 t0 0.94) <0.001
Recent immobilisation 14 1.93 (1.63 to 2.28) 0.227 0.89 (0.83 to 0.95) <0.00I
Recent surgery 14 1.72 (1.35 to 2.19) 0.002 0.93 (0.88t0 0.97) <0.001
Obesity 4 1.02 (0.75 to 1.38) 0.81 0.99 (0.97 to 1.03) 0.853
Difference in calf diameter 7 1.76 (1.43 to 2.18) <0.001 0.51 (0.37 to 0.71) 0.001
Homan's sign I 1.40 (1.18 to 1.66) 0.254 0.87 (0.79 to 0.96) 0.019
Warmth I 1.31 (1.08 to 1.60) 0.001 0.85 (0.75t0 0.98) <0.001
Tenderness 12 1.18 (1.06 to 1.32) 0.008 0.78 (0.69 to 0.89) 0.249
Erythema 6 1.30 (1.02 to 1.67) 0.059 0.88 (0.80 to 0.98) 0.278
Oedema 10 .18 (0.99 to 1.41) <0.001 0.89 (0.77 to 1.03) 0.076

Cl, confidence interval.

considered useful for ruling in DVT; and less than
0.5 useful for ruling out, then only a past history
of DVT and malignancy are useful for ruling in,
and no individual feature is useful for ruling out.
Recent immobilisation, recent surgery or a
measured difference in calf diameter are of
borderline value in ruling in, while absence of calf
swelling or a difference in calf diameter are of
borderline value in ruling out DV'T.

The results of individual studies and the pooled
estimates for each likelihood ratio are shown in the
additional figures in Appendix 3 (Figures 31-56).

Clinical scores

Data were extracted from 24 studies, reporting 25
cohorts evaluating clinical probability scores,
outlined in Appendix 2 (Table 31). Of these, 21
cohorts evaluated the Wells score,&?’]’?’4’?’5’58’60_73 76
two cohorts used a dichotomised version of the
Wells sc01re,9’77 four cohorts evaluated empirical
risk assessment in which clinicians categorised
patients into high, intermediate and low risk of
DVT on the basis of an unstructured risk
assessment, 5776 and four cohorts evaluated
other scores.>*%%74

DVT prevalence ranged from 10 to 47% (median
25%). Prevalence of proximal and distal DVT was
reported by 13 cohorts, with a proportion of
proximal DVT ranging from 46 to 92% (median
76%). Mean age ranged from 45 to 68 (median
60) years. The male to female ratio ranged from
25% male to 63% male (median 40% male).

Cohorts were recruited from the following settings:
outpatient clinic (12), inpatients (two), emergency
department (five), mixed (three) and not stated
(three). Recruitment was reported to be
consecutive in 17 and prospective in 23. Patients
with a past history of thromboembolism were
excluded from ten cohorts, anticoagulated patients
were excluded from 12 and pregnant patients
from nine.

Data were collected on a standardised proforma
for 11 cohorts and were not reported by 14. Data
were recorded by a physician for 15 cohorts, a
trained nurse for one and were not reported for
nine. The reference standard was venography for
three cohorts and ultrasound for 22.

Quality criteria were recorded as follows:

e The reference standard was applied
independently of the clinical probability in 17
cohorts and was dependent on the clinical
probability in eight.

¢ Clinical probability was estimated blind to the
reference standard in eight cohorts and was
unclear in 17.

¢ The reference standard was interpreted blind to
the clinical probability in three cohorts, was
interpreted by unblinded observers in one and
interpretation was unclear in 21.

Wells clinical probability score
This is a clinical score that categorises patients
into high, intermediate and low risk of DVT
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TABLE 3 Wells clinical probability score

Clinical characteristic

Active cancer (treatment ongoing, within 6 months, or palliative)
Paralysis, paresis or recent plaster immobilisation of the lower extremities
Recently bedridden >3 days or major surgery within 12 weeks requiring general or regional anaesthesia

Localised tenderness along the distribution of the deep venous system

Entire leg swollen

Calf swelling 3 cm larger than asymptomatic side (measured 10 cm below the tibial tuberosity)

Pitting oedema confined to the symptomatic leg
Collateral superficial veins (non-varicose)
Previously documented DVT

Alternative diagnosis at least as likely as DVT

according to a number of defined criteria
(outlined below). A score of 3 or higher indicates
high probability of DVT, 1 or 2 a moderate
probability, and 0 or lower a low probability
(Table 3).

Score

The results of the 21 studies of Wells score are
plotted on a receiver operating characteristic
(ROCQ) plane in Figure 2. Sensitivity and specificity
are plotted for two thresholds: high risk versus
intermediate and low risk, and high and

1.0 () A A
A A
A A A A
A N
A A
P A pooled sensitivity 0.89 (0.86 to 0.92)
0.8 1 Pooled specificity 0.48 (0.40 to 0.56)
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. A

§ .
2
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3 ° - ¢
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c
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2 Pooled sensitivity 0.57 (0.5 to 0.63)
§_ 0.4 - .. Pooled specificity 0.89 (0.85 to 0.92)
o
2
—
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@ High versus intermediate and low
A High and intermediate versus low
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False-positive rate (I — specificity)

FIGURE 2 Performance of Wells clinical risk score for detecting all DVT represented on the ROC plane with 95% CI
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TABLE 4 Summary estimates from meta-analysis of Wells score

High risk

Categorisation of all cases with DVT (n = 21)
Categorisation of proximal DVT (n = 6)
Categorisation of distal DVT (n = 6)
Categorisation of cases without DVT (n = 21)

95% Cl in parentheses.

intermediate risk versus low risk. This demonstrates
substantial heterogeneity among the results.

The summary estimates from meta-analysis are
outlined in Table 4. This shows pooled estimates of
how all patients with DV'T, patients with proximal
DVT patients with distal DVT and patients without
DVT will be categorised by the Wells score. The
values in the top left and right corners of the table
are summary estimates of the sensitivity and

(1 — specificity) of the high versus intermediate
and low threshold values shown in Figure 2. The
values in the bottom left and right corners of the
table are summary estimates of (1 — sensitivity) and
the specificity of the high and intermediate versus
low threshold values in Figure 2.

The likelihood ratio, calculated using MetaDiSc
software, of high risk versus intermediate and low
categorisation is 5.4 (95% CI 4.1 to 7.2, p-value
for heterogeneity <0.001) and for low risk versus
intermediate and high categorisation is 0.25
(95% CI 0.21 to 0.29, p-value for heterogeneity =
0.194). The individual study data and pooled
estimates of likelihood ratios are plotted in the
additional figures in Appendix 3 (Figures 57

and 58).

Because clinicians may be more familiar with
clinical scores being reported as the prevalence of
DVT in each category, the results of meta-analysis
were converted into this measure by applying the
estimates of categorisation of all DVT (proximal
and distal) and no DVT to two theoretical
populations. First, a population with a prevalence
of DVT of 33% (the same as the median
prevalence of the cohorts included in the meta-
analysis) was categorised as follows: 26% would be
high risk with a DVT prevalence of 71%, 38%
would be intermediate risk with a prevalence of
28%, and 36% would be low risk with a prevalence
of 10%. However, cohorts enrolled in research
studies are likely to have a higher prevalence than
the general population with suspected DVT. A
population with a DVT prevalence of 15% would

56.6% (51.0 to 62.1)
67.7% (56.0 to 80.2)
34.0% (21.7 to 49.1)
11.3% (8.4 to 15.0)

Intermediate risk Low risk

32.2% (28.0 to 36.1)
25.5% (16.0 to 34.6)
47.9% (36.2 to 59.3)
40.9% (35.8 to 45.5)

11.1% (8.4 to 13.8)
6.5% (3.2 to 11.4)
17.6% (8.6 to 28.8)
47.7% (39.7 to 55.6)

be categorised as follows: 18% would be high risk
with a DVT prevalence of 47%, 40% would be
intermediate risk with a prevalence of 12%, and
42% would be low risk with a prevalence of 4%.

Fitting an SROC to the data in Figure 2 and
examining the influence of study-level covariates
using metaregression identified the following as
potentially important covariates, associated with
improved diagnostic performance: lower mean
subject age (p = 0.009), exclusion of persons with
a previous history of DVT (p = 0.016) and
assessment of the reference standard blind to the
results of clinical assessment (p = 0.03). Covariates
examined but not statistically significant were:
setting for recruitment (p-values for all settings
>0.07), exclusion of patients with suspicion of
pulmonary embolus (p = 0.66), exclusion of
pregnant women (p = 0.30), percentage male

(p = 0.98), whether the original or modified Wells
criteria were used (p = 0.42), prevalence of DVT
in cohort (p = 0.86), whether a standardised pro
forma was used for data collection (p = 0.13),
whether assessment was carried out by a physician
(p = 0.30), use of single ultrasound as a reference
standard, compared with venogram or ultrasound
with follow-up or repeat (p = 0.85), use of an
independent reference standard (p = 0.22) and
performance of clinical assessment blind to the
reference standard (p = 0.22).

Empirical risk assessment

The results of meta-analysis of the four studies of
empirical assessment of clinical probability are
shown in Table 5. None of the studies reported
data for proximal and distal DVT separately.

The pooled estimate of the likelihood ratio of
high-risk categorisation is 5.6 (95% CI 1.9 to 16.6,
p-value for heterogeneity <0.001) and low-risk
categorisation is 0.20 (95% CI 0.10 to 0.41,
p-value for heterogeneity = 0.069). The
individual study data and pooled estimates of
likelihood ratios are plotted in the additional
figures in Appendix 3 (Figures 59 and 60).
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TABLE 5 Results of meta-analysis of studies of empirical assessment of clinical probability

High risk

Categorisation of all cases with DVT (n = 4)
Categorisation of cases without DVT (n = 4)

95% Cl in parentheses.

Wells and colleagues’ and Tick and colleagues’’

both reported dichotomised versions of the Wells
score to stratify into high and low risk. Wells split
the intermediate probability group, while Tick
combined the high and intermediate probability
groups. Wells’ study categorised 81% of patients
with DVT as high risk and 19% as low risk, and
categorised 43% of patients without DVT as high
risk and 57% as low risk. Tick’s study categorised
90% of patients with DVT as high risk and 10% as
low risk, and categorised 47% of patients without
DVT as high risk and 53% as low risk.

Other risk scores

Kahn and colleagues*? used multivariate analysis
to develop a four-item clinical prediction index for
DVT that stratified patients into low, moderate or
high probability of DVT. Constans and colleagues
developed a six-item score, the St Andre score,
and compared it with the Wells and Kahn scores.
A further evaluation prospectively compared the
Wells, Kahn and St Andre scores, and developed a
new six-item ambulatory score.*> The new score
had similar diagnostic utility to the nine-item
Wells score and outperformed the Kahn score.
However, this score has yet to be validated in any
other setting, so there is currently no opportunity
for meta-analysis.

34

Summary

Individual clinical features are of limited value in
the diagnosis of clinically suspected DVT. The
Wells score provides a consistent, reproducible way
of stratifying patients into high, intermediate and
low risk of DVT that has been validated in a
variety of different settings and provides useful
information to guide further diagnostic testing.
Wells risk stratification alone is unlikely to be
considered sufficiently accurate to allow treatment
or ruling out of DVT without further diagnostic
testing. Empirical assessment of clinical probability
may be as accurate as Wells stratification, but lacks
reproducibility. Other risk assessment scores have
yet to be validated and cannot be recommended
for routine use.
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51.5% (44.3 to 58.9)
11.0% (2.1 to 33.5)

Intermediate risk Low risk

40.0% (33.7 to 46.5)
55.19% (23.9 to 62.8)

8.3% (5.3 to 12.2)
33.2% (10.9 to 74.1)

D-dimer

In total, 1140 titles/abstracts were scanned and
247 potentially relevant articles were selected for
retrieval (kappa = 0.87). Review of the full articles
identified 131 that met the inclusion criteria
(kappa = 0.94). Six of these duplicated data
published elsewhere and were excluded. No
appropriate data could be extracted or analysed
from a further 15 articles, despite attempts to
contact the authors. Review of the bibliographies
of the selected articles identified no additional
articles for inclusion. Thus, 110 articles were
included in the meta-analysis: 101 were published
in English, five in French, two in Spanish, and one
each in Italian and German. Two articles reported
two cohorts of patients, so a total of 112 cohorts
was reported: 99 had clinically suspected
DVTH:55:60-72.78-160 4 13 received asymptomatic
screening.'%1717% The number of assays tested on
each cohort varied from one to 13. Overall, 213
analyses of D-dimer assays were reported: 198
involved patients with clinically suspected DVT
and 15 asymptomatic screening.

Cohorts with clinically suspected DVT
DVT prevalence varied from 2 to 78% (median
36%). Prevalence of proximal and distal DVT was
reported by 51 cohorts, with a proportion of
proximal DVT (of all DVT detected, in studies that
reported proximal and distal DVT separately)
ranging from 27 to 100% (median 77%). The
mean or median age ranged from 51 to 69
(median 59) years, with the exception of one
cohort that recruited exclusively people aged over
70. The male to female ratio was reported by 81
cohorts, with the proportion of males ranging
from 17 to 62% (median 42%).

Cohorts were recruited from the following settings:
outpatient clinic (31), inpatients (nine), emergency
department (16), mixed (29) and not stated (14).
Recruitment was reported to be consecutive in 76
and prospective in 68. There were no exclusions
reported by 50 cohorts, ten excluded postoperative
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patients, 19 excluded pregnant patients, 33
excluded anticoagulated patients, 23 excluded
those with previous thromboembolism, three
excluded those with recent trauma, four excluded
those with sepsis and 18 excluded patients with a
prolonged history.

The reference standard was venography for 34
cohorts, ultrasound alone for 28, ultrasound with
clinical follow-up for ten, serial ultrasound for six,
ultrasound or venography for 13, and another
reference standard for eight (combinations of
ultrasound and plethysmography). The threshold
value for D-dimer was defined before analysis in
82 cohorts, was defined after analysis in ten and
was not clear in seven.

Quality criteria were recorded as follows:

e The reference standard was applied
independently of the results of D-dimer testing
in 86 cohorts, was dependent on D-dimer in
four and was unclear in nine.

e D-dimer was measured blind to the reference
standard in 43 cohorts and measurement was
unclear in 56.

¢ The reference standard was interpreted blind to
the D-dimer result in 50 cohorts and
interpretation was unclear in 49.

Figure 3 shows the results for all analyses plotted
on an ROC plane. The point estimates for
sensitivity and specificity are 90.5% and 54.7%,
respectively, but the results show substantial
heterogeneity, particularly for specificity.
Sensitivity ranged from 48 to 100% (x? test for
heterogeneity, p < 0.001). Specificity ranged from
5 to 100% (x* test for heterogeneity, p < 0.001).
Therefore, random effects weighted meta-
regression was undertaken to identify covariates
that predicted sensitivity or specificity.

All analyses: metaregression

The results of metaregression are shown in 7able 6.
A threshold of p < 0.1 was used for statistical
significance. Variation in sensitivity was predicted
by an outpatient or a mixed setting for patient
recruitment, exclusion of patients who were
pregnant, anticoagulated or had a long history of
symptoms, age, prospective analysis, the D-dimer
threshold used and whether the D-dimer
threshold was determined before or after the
study. Variation in specificity was predicted by an
outpatient, an emergency department or a mixed
setting, exclusion of patients who were pregnant,
anticoagulated or had a past history of
thromboembolism, age, consecutive recruitment,
prospective analysis, the reference standard used,
and quality criteria relating to blinding of

_ROC plane

: X
[ ‘. Sensitivity

0.91 (0.90 to 0.91)
x2 = 1035.03, df = 197

(p = 0.0000)
Specificity
0.55 (0.54 to 0.55)
x2 = 3109.52, df = 197
(p = 0.0000)

0.3

0.2 +

0.1

0
0 0.2 04 0.6 0.8 1.0

FIGURE 3 D-dimer ROC plane for all studies of clinically suspected DVT
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predictor. The results are shown in Table 7. More
selected cohorts (i.e. recruited from outpatient or
emergency department only, or reporting
exclusion criteria) tended to have higher
sensitivity and specificity. Higher quality studies
(prospective studies, those recruiting consecutive

observers measuring D-dimer and blinding or
observers interpreting the reference standard.

The meta-analysis was repeated, stratified by each

significant predictor, to estimate sensitivity and
specificity for studies with, or without, the relevant

TABLE 6 Metaregression for factors associated with variation in sensitivity and specificity of D-dimer

Variable Sensitivity Specificity
(p-value) (p-value)
Patients recruited Mixed 0.030 0.010
ED only 0.32 0.065
Outpatient only 0.010 0.022
Inpatient only 0.944 0.236
Patients excluded Postoperative 0.85 0.92
Pregnant 0.049 0.079
Anticoagulated 0.011 0.007
Past history of DVT 0.38 <0.001
Trauma 0.47 0.21
Sepsis 0.76 0.89
Long history 0.061 0.82
Mean age 0.046 (0.11)° 0.01 (0.21)°
% Male 0.30 0.13
Prevalence of DVT 0.27 0.38
Consecutive patients recruited 0.47 0.016
Prospective study 0.026 0.047
D-dimer threshold used 0.090 (0.97)° 0.68 (0.45)
Reference standard used (venography vs other) 0.372 <0.001
Reference standard independent of D-dimer result 0.11 0.21
D-dimer measured blind to reference standard 0.40 0.054
Reference standard measured blind to D-dimer 0.98 0.035
D-dimer threshold defined before the study 0.002 0.34
p-Value when included in random effect weighted metaregression.
9 The revised value excluded one study with an extreme value for mean age.
b The revised value excluded one study that used an extreme threshold value.
ED, emergency department.
TABLE 7 Sensitivity and/or specificity of D-dimer for selected groups identified by metaregression
Variable Sensitivity Specificity
(overall = 90.5%) (overall = 54.7%)
Mixed patient selection 87% (86 to 88) 50% (49 to 51)
ED patients only 89% (87 to 91) 62% (60 to 64)
Outpatients only 94% (93 to 95) 59% (58 to 60)

Studies excluding pregnant patients

Studies excluding anticoagulated patients

Studies excluding patient with past history of thromboembolism
Studies excluding patients with a prolonged history
Consecutive patients recruited

Prospective study

Venographic reference standard

D-dimer measured blind to reference standard

Reference standard measured blind to D-dimer

D-dimer threshold derived from data

p-Value for heterogeneity <0.001 except for p = 0.245.
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95% (93 to 97)
93% (92 to 94)
91% (90 to 93)
93% (92 to 94)
91% (90 to 92)
90% (89 to 91)
91% (90 to 92)
90% (89 to 91)
90% (89 to 91)
95%° (94 to 96)

57% (56 to 58)
61% (60 to 62)
65% (63 to 66)
54% (52 to 56)
57% (56 to 58)
58% (57 to 59)
62% (61 to 64)
56% (55 to 57)
57% (56 to 58)
41% (39 to 44)
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patients, those using venography as a reference
standard, D-dimer and reference standard
measured blind) tended to have higher specificity.
Studies that determined the D-dimer threshold
after data analysis had higher sensitivity. However,
stratification by these covariates failed to identify
any homogeneous group of results. The x? test for
heterogeneity remained highly significant for all
analyses.

Stratification by type of D-dimer assay

The reviewers planned a priori to analyse D-dimer
results stratified by assay. Figures 4-6 show the
results of studies using ELISA, latex and whole-
blood agglutination assays, respectively. ELISA
were reported by 91 analyses in 58 cohorts (35
analyses reported proximal and distal DVT
separately). Sensitivity was 94% (95% CI 93 to
95%, p-value for heterogeneity <0.001) and
specificity 45% (44 to 46, p < 0.001). Latex assays
were reported by 74 analyses in 52 cohorts (22
analyses reported proximal and distal DVT
separately). Sensitivity was 89% (88 to 90,

p < 0.001) and specificity 55% (54 to 56,

p < 0.001). Whole-blood agglutination assays were
reported by 29 analyses in 29 cohorts (ten analyses
reported proximal and distal DVT separately).
Sensitivity was 87% (85 to 88, p < 0.001) and
specificity 68% (67 to 69, p < 0.001). The results
of individual studies and pooled estimates of

sensitivity and specificity are summarised in the
additional figures in Appendix 3 (Figures 61-66).

To explore further the potential differences
between D-dimer assays each individual assay that
had been reported in three or more analyses was
analysed. The results are outlined in Table §.
These show that, although ELISAs are generally
more sensitive than latex assays, there are
substantial differences between individual assays
and some newer latex assays have sensitivity
comparable to ELISAs. However, even when each
assay is analysed individually this does not explain
the heterogeneity observed between individual
study results.

Proximal and distal DVT

Analysis of studies that reported proximal and
distal DV'T separately showed that all assays had
higher sensitivity for proximal than for distal DV'T.
These are outlined in Table 9.

Studies reporting results stratified by clinical
probability

The results of five studies, using six assays (five
whole-blood agglutination and one latex),
reported results stratified by Wells clinical risk
score 01707192110 Froypes 7 and & show the
sensitivity and specificity of these individual
studies, stratified by Wells score. Meta-analyses
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0.6 - x* = 1153.08; df = 90
(p = 0.0000)
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FIGURE 4 ROC plane for analyses of ELISAs
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TABLE 8 Sensitivity and specificity (95% Cl and p-value for heterogeneity) for each D-dimer assay

Test Assay type Manufacturer Sensitivity Specificity
Asserachrom Classical ELISA Diagnostica Stago 95% 36%
n= |9)66,68,7|,90,95,97,|02,|06,|09,| 15,118,124, (93 to 96) (34 to 38)
129,134,139,146,154,159 p = 0.005 p < 0.001
Enzygnost Classical ELISA Dade Behring 96% 62%
(n = 5)7!77.100.120.124 (92 to 98) (57 to 67)
p = 0.046 p < 0.001
Fibrinostika Classical ELISA Organon Teknika 95% 37%
(n = 3)77124125 (90 to 98) (30 to 45)
p = 0.063 p =0.761
Dimertest EIA Gold Classical ELISA Agen 90% 67%
(n = 6)90,I03,I 16,126,132,151 (85 to 93) (62 to 7|)
p = 0.023 p < 0.001
VIDAS Rapid ELISA Biomerieux 96% 39%
(n = 17)80.66:6869.78.81.87.97.98.103,104,106, (95 to 98) (36 to 42)
116,123,124,159,160 P = 0.008 P < 0.001
Nycocard Rapid ELISA Nycomed 89% 50%
(n = 14)5581:919497.102107,111.116,120,122, (87 to 91) (47 to 54)
124,130,157 p < 0.001 p < 0.001
Instant 1A Rapid ELISA Diagnostica Stago 92% 54%
(n = 8)77:102106,114116,120.121,124 (90 to 94) (49 to 58)
p = 0.478 p < 0.001
Minutex Latex Biopool 92% 45%
(n — 8)7I,84,87,97,I02,I07,I 16,123 (90 to 94) (42 to 49)
p < 0.001 p < 0.001
D-Di latex Latex Diagnostica Stago 80% 58%
(n = 4)!02129.139.154 (72 to 86) (51 to 64)
p < 0.001 p < 0.001
LPIA Latex Mitsubishi Kasei 98% 58%
(n = 3)!16150.151 (94 to 99) (51 to 65)
p = 0.482 p = 0.244
BC Latex Dade Behring 90% 53%
(n = 4)7!77:100.103 (84 to 94) (47 to 60)
p < 0.001 p < 0.001
IL test Latex Instrumentation 94% 52%
(n = 6)8087:889697,148 Laboratories, Milano (91 to 97) (47 to 56)
p = 0.077 p < 0.001
Miniquant Latex Biopool 96% 36%
(n = 4)8287:20.15 (91 t0 99) (31 to 40)
p =0.528 p < 0.001
STA-latest Latex Diagnostica Stago 94% 46%
(n — 8)4I,60,65,79,80,85,97,I09 (92 to 96) (43 to 50)
p = 0.883 p = 0.002
Tinaquant Latex Roche 96% 52%
(n - 7)65,66,97,98,I 13,123,147 (93 to 97) (47 to 56)
p = 0.023 p=0.014
Turbiquant Latex Dade Behring 88% 46%
(n = 3)6097.98 (81 to 93) (41 to 52)
p = 0.439 p = 0.042
SimpliRED Whole-blood Agen 87% 68%
(n = 29)6|,64,67,70—72,83,88,90,92,93,97,99,|0|,|05, agglutination (85 to 88) (67 to 69)

108,110,112,117,119,123,126,128,146,149,153,157,159 p < 0.001 p < 0.001
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TABLE 9 Pooled sensitivity and specificity for D-Dimer for proximal and distal DVT

Overall sensitivity  Proximal sensitivity Distal sensitivity Specificity

(95% CI) (95% CI) (95%Cl) (95% CI)
All D-dimers 90% (89 to 9I) 94% (93 to 95) 82% (80to 84)  55% (54 to 56)
ELISAs 94% (93 to 95) 99% (98 to 99) 86% (84 to 88)  45% (44 to 46)

Latex assays 89% (88 to 90)

Whole-blood agglutination assays 87% (85 to 88)

p < 0.001 for heterogeneity in all analyses.

94% (92 to 95)
84% (80 to 88)

79% (75 to 83)
64% (55 to 73)

55% (54 to 56)
68% (67 to 69)

Sensitivity Sensitivity (95% Cl)
+——® H: Bozic (1)’'  1.00 (0.89 to 1.00)
——+—#—| H: Bozic (w)”' 0.97 (0.83 to 1.00)
ﬁ" H: Wells''° 0.98 (0.89 to 1.00)
9 H: Lennox”® 1.00 (0.88 to 1.00)
®—+—+ | H: Anderson®? 0.87 (0.60 to 0.98)
® i i H: Shields®' 0.80 (0.44 to 0.97)
—® I: Bozic (1)’ 0.94 (0.73 to 1.00)
I I: Bozic (w)’'  0.94 (0.73 to 1.00)
G; I I: Wells'10 0.89 (0.71 to 0.98)
® — . | I: Lennox”® 0.75 (0.43 to 0.95)
°® f | I: Anderson®?  0.67 (0.30 to 0.93)
' ' I: Shields®' 1.00 (0.54 to 1.00)
|| gL:Bozic()’!  1.00 (0.29 to 1.00)
—— L: Bozic (w)”'  1.00 (0.29 to 1.00)
- L: Wells''©  0.88 (0.47 to 1.00)
o L—L—| L: Lennox™  0.75 (0.19 t0 0.99)
—+& L: Anderson®?  1.00 (0.40 to 1.00)
e L Shields®' 1.00 (0.02 to 1.00)
< Pooled sensitivity = 0.93 (0.90 to 0.96)
X2 = 12852 df = 17 (p = 0.0392)
0 0.2 0.4 0.6 0.8 1.0

FIGURE 7 Sensitivity of D-dimer in studies reporting results stratified by Wells score. H, high risk; I, intermediate risk; L, low risk;

I, latex assay; w, whole-blood agglutination assay.

showed that, in patients with a high Wells score,
D-dimer had a sensitivity (95% CI, p-value for
heterogeneity) of 96% (92 to 99, p = 0.047) and
specificity of 51% (48 to 53, p = 0.001); in patients
with an intermediate score, sensitivity was 88% (79
to 94, p = 0.18) and specificity was 67% (62 to 72,
p = 0.003); and in patients with a low Wells score,
sensitivity was 91% (72 to 99, p = 0.69) and
specificity was 78% (74 to 81, p < 0.001). The
specificity of D-dimer appears to be dependent on
Wells score (p = 0.095, using a random effects
model), whereas there is no evidence that
sensitivity is dependent (p = 0.228).

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

Studies reporting patients with malignancy
separately

Five studies reported patients with malignancy
separately.”82-34149 Meta-analysis of these studies
showed that D-dimer had a sensitivity of 95%
(95% CI 90 to 97, p = 0.026) and a specificity of
46% (95% CI 39 to 52, p = 0.0026) in patients
with malignancy.

Cohorts of asymptomatic patients

DVT prevalence ranged from 8 to 49% (median
24%). Prevalence of proximal and distal DVT was
reported separately by eight cohorts, with a
proportion of proximal DVT ranging from 14 to

21



22

Systematic reviews and meta-analysis of non-invasive diagnostic tests: results

Specificity Specificity (95% Cl)
° ! ! H: Bozic (1)”'  0.10 (0.00 to 0.45)
° Il H: Bozic (w)’' 0.27 (0.06 to 0.61)
° i i H: Wells''° 0.55 (0.23 t0 0.83)
° — H: Lennox’® 0.47 (0.21 t0 0.73)
!! o H: Anderson®?  0.87 (0.60 to 0.98)
. H: Shields¢!  0.71 (0.29 to 0.96)
o — I: Bozic (1)’ 0.60 (0.41 to 0.77)
® —I I: Bozic (w)’'  0.57 (0.37 to 0.75)
—— : Wells'®  0.64 (0.55 to 0.72)
—_— I: Lennox’® 0.78 (0.65 to 0.88)
| —t+—&— I: Anderson’?  0.84 (0.72 to 0.93)
o . I: Shieldss! 053 (0.36 to 0.69)
lg1 L: Bozic (I)’'  0.71 (0.55 to 0.84)
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FIGURE 8 Specificity of D-dimer in studies reporting results stratified by Wells score. H, high risk; I, intermediate risk; L, low risk;

I, latex assay; w, whole-blood agglutination assay.

44% (median 33%). The mean or median age was
reported by ten studies, and ranged from 34 to

72 years. The male to female ratio was reported by
ten studies. The proportion of males ranged from

10 to 77%.

Eight cohorts were screened following orthopaedic
surgery, whereas the other five were screened after
mixed surgery, gastrointestinal surgery,
cerebrovascular accident, burns and spinal trauma.
Recruitment was reported to be consecutive in
seven and prospective in 12. Only four cohorts
reported exclusions. These included
anticoagulated patients (three cohorts), previous
thromboembolism (two cohorts), post-trauma,
sepsis and burns (one cohort each).

The reference standard was venography for seven
cohorts, ultrasound alone for five and ultrasound
with clinical follow-up for one. The 13 cohorts
were used to analyse 15 different assays: nine
ELISA, five latex and one whole-blood
agglutination. The threshold value for D-dimer
was defined before analysis in six cohorts, was
defined after analysis in six and was not clear

in one.

Quality criteria were recorded as follows:

¢ The reference standard was independent in all
13 cohorts.

e D-dimer was measured blind to the reference
standard in nine cohorts and measurement was
unclear in four.

¢ The reference standard was interpreted blind to
the D-dimer result in seven cohorts and
interpretation was unclear in six.

The results of all studies of asymptomatic patients
are shown in Figure 9. Pooled sensitivity (95% CI)
was 88% (84 to 91, p < 0.001) and pooled
specificity was 43% (40 to 46, p < 0.001). The nine
studies of ELISAs had a pooled sensitivity of 84%
(74 to 88, p < 0.001) and specificity of 45% (41 to
48, p < 0.001). The five studies of latex assays had
a pooled sensitivity of 96% (89 to 99, p = 0.445)
and specificity of 50% (43 to 58, p < 0.001). The
single study of a whole-blood agglutination assay
had a sensitivity of 100% (88 to 100) and specificity
of 13% (8 to 21). The results of individual studies
and pooled estimates of sensitivity and specificity
are outlined in the additional figures in

Appendix 3 (Figures 67 and 68).
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FIGURE 9 ROC plane for studies of D-dimer in asymptomatic cohorts

Summary

In patients with clinically suspected DVT D-dimer
has good sensitivity (91%) but poor specificity
(55%). ELISAs have the best sensitivity, but poor
specificity. Whole-blood agglutination assays have
better specificity but poorer sensitivity. There is
substantial heterogeneity in estimates of sensitivity,
and particularly specificity, for all assays. Although
several factors were identified that contributed to
this heterogeneity, stratification of studies by
significant factors did not markedly reduce the
heterogeneity. It appears that there are other,
unmeasured factors producing heterogeneity in
the results.

Studies that separately analysed patients with
malignancy or according to Wells risk stratification
showed that specificity is lower in patients

with malignancy or a higher clinical risk. This
observation, along with the finding that

D-dimer has reasonable sensitivity, suggest that
the most useful role for D-dimer may lie in ruling
out DVT in patients with a low clinical

probability.

D-dimer has slightly poorer diagnostic
performance in asymptomatic patients. Overall
sensitivity was 88% and specificity 43%. Again,
there was substantial heterogeneity between the
results of individual studies.
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Plethysmography and rheography

In total, 995 titles/abstracts were scanned and 254
potentially relevant articles were selected for
retrieval (kappa = 0.85). Review of the full articles
identified 114 that met the inclusion criteria
(kappa = 0.92). Eight of these duplicated data
published elsewhere and were excluded. No
appropriate data could be extracted or analysed
from a further 22 articles, despite attempts to
contact the authors. Review of the bibliographies
of the selected articles identified four additional
articles for inclusion. Thus, 88 articles were
included in the meta-analysis.

These 88 articles reported a total of 98 cohorts of
patients: 82 with clinically suspected DVT, 14
asymptomatic cohorts and two mixed cohorts.
Impedance plethysmography was evaluated in 52
cohorts: 42 symptomatic,’6-023456.75,128.174-208 gy
asymptomatic!77 184191209213 41 4ty mixed, 214215
Strain-gauge plethysmography was evaluated in 23
cohorts: 20 symptomatic'5*%1-2%2 and three
asymptomatic.?'#2¥323% Ajr plethysmography was
evaluated in five cohorts: four symptomatic**®-2%
and one asymptomatic.>* Light-reflex rheography
was evaluated in nine cohorts, all of which were
symptomatic.?****® Phleborheography was evaluated
in nine cohorts: seven symptomatic'*""**%2* and two
asymptomatic.'91%4
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TABLE 10 Sensitivity and specificity of plethysmography techniques for clinically suspected DVT

n® Sensitivity for Sensitivity for Sensitivity for Specificity
all DVT proximal DVT distal DVT
Impedance plethysmography 42 (28) 75% 88% 28% 90%
(73 t0 77) (86 to 90) (24 to 33) (89 to 91)
p < 0.001 p < 0.001 p < 0.001 p < 0.001
Strain-gauge plethysmography 20 (10) 83% 90% 56% 81%
(81 to 85) (88 to 92) (50 to 63) (79 to 82)
p < 0.001 p < 0.001 p =0.033 p < 0.001
Air plethysmography 4(2) 85% 98% 39% 91%
(79 to 90) (93 to 100) (22 to 58) (81 to 95)
p = 0.005 p=0.18 p=0.216 p =0.02
Light-reflex rheography 94 91% 94% 92% 71%
(87 to 94) (88 to 98) (74 to 99) (66 to 75)
p = 0.001 p=0.315 p=0.179 p < 0.001
Phleborheography 74 86% 92% 58% 93%
(83 to 89) (88 to 94) (48 to 68) (91 to 95)
p < 0.001 p = 0.001 p < 0.001 p < 0.001

9n = number of cohorts. Numbers in parentheses are cohorts that reported proximal and distal DVT separately.
Elsewhere, numbers in parentheses are 95% Cls. p-Values are for x2 test for heterogeneity.

The characteristics of the cohorts are outlined in
Appendix 2 (Tables 32-35). Most cohorts were
recruited from inpatients. Asymptomatic cohorts
were nearly all recruited from patients who had
recently undergone orthopaedic surgery, most
commonly arthroplasty of the hip or knee or
fixation of femoral neck fractures. Cohorts with
clinically suspected DVT tended to be younger
and more likely to be predominantly male than
cohorts receiving asymptomatic screening. They
also had a slightly lower prevalence of DVT and a
higher proportion of cases with proximal DVT.

The results of meta-analysis for cohorts with
clinically suspected DVT are shown in 7Table 10.
Impedance and strain-gauge plethysmography
both had modest sensitivity and specificity. Strain-
gauge plethysmography had better sensitivity (83%
versus 75%), while impedance plethysmography
had better specificity (90% versus 81%). Analysis of
studies reporting proximal and distal DVT
separately revealed that sensitivity was particularly
poor for distal DVT (impedance 28%, strain gauge
56%), but potentially useful for proximal DVT
(88% and 90%). Results for air plethysmography
appeared to be slightly better (sensitivity 85%,
specificity 91%), but these findings were based on a
small number of studies. Light-reflex rheography
had reasonable sensitivity (91%), but poor
specificity (71%). Phleborheography had similar
diagnostic performance to air plethysmography
(sensitivity 86%, specificity 93%).

The results of meta-analysis for asymptomatic
cohorts are shown in Table 11. Only impedance
plethysmography had been investigated by a
significant number of studies. Sensitivity was too
poor for any of the techniques to be useful in
decision-making.

The results of all studies of impedance and
strain-gauge plethysmography in clinically
suspected DV'T are shown in Figures 10 and 11,
respectively. The results for individual studies of
plethysmography and rheography techniques in
symptomatic and asymptomatic patients are
shown, with pooled estimates of sensitivity and
specificity, in additional figures in Appendix 3
(Figures 69-82).

Metaregression

Significant heterogeneity was present whenever
there were more than a very few studies in the
analysis. There were sufficient numbers of studies
available to allow metaregression analyses of the
use of impedance plethysmography and strain-
gauge plethysmography in patients with clinically
suspected DVT.

Impedance plethysmography

The results of metaregression for impedance
plethysmography are outlined in Table 12. Using a
threshold of p < 0.1 for statistical significance,
setting for recruitment (p = 0.098) and blind
reporting of the reference standard (p = 0.056)
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TABLE 11 Sensitivity and specificity of plethysmography techniques for asymptomatic patients

n® Sensitivity for Sensitivity for Sensitivity for Specificity
all DVT proximal DVT distal DVT
Impedance plethysmography 8(7) 18% 27% 13% 96%
(15 to 21) (22 to 33) (9to 17) (95 to 97)
p < 0.001 p = 0.096 p < 0.001 p < 0.001
Strain-gauge plethysmography 3(3) 37% 39% 35% 83%
(25 to 49) (21 to 59) (21 to 52) (78 to 88)
p =0.737 p=0.132 p =0.160 p < 0.001
Air plethysmography I (l) 4% No data 4% 99%
(I to 18) (I to 18) (92 to 100)
NA NA NA
Phleborheography 2(2) 26% 32% 21% 96%
(18 to 38) (17 to 50) ('l to 36) (90 to 99)
p = 0.758 p = 0.809 NA p=0.104

9n = number of cohorts. Numbers in parentheses are cohorts that reported proximal and distal DVT separately.
Elsewhere, numbers in parentheses are 95% Cls. p-Values are for x? test for heterogeneity.
NA, not applicable.
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FIGURE 10 ROC plane for all studies of impedance plethysmography in clinically suspected DVT

were associated with variation in sensitivity, while Specificity was lower in cohorts with a higher
proportion of males in the cohort (p = 0.01), DVT prevalence of DVT and cohorts with a higher
prevalence (p = 0.043), setting for recruitment proportion of male patients. Plots of these

(p = 0.09), consecutive recruitment (p = 0.017) associations are shown in the additional figures in
and prospective study (p = 0.046) were associated Appendix 3 (Figures 83 and 84). For categorical
with variation in specificity. variables the meta-analysis was repeated, stratified
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FIGURE 11 ROC plane for all studies of strain-gauge plethysmography in clinically suspected DVT

TABLE 12 Predictors of impedance plethysmography sensitivity and specificity

Variable

Mean age

Proportion of males

DVT prevalence

Patients with previous DVT excluded
Setting

Consecutive

Prospective

Reference standard independent
Plethysmography interpreted blind
Reference standard interpreted blind

Sensitivity Specificity
0.17 0.37
0.94 0.010
0.666 0.043
0.660 0.37
0.098 0.090
0.32 0.017
0.026 0.046
0.41 0.75
0.36 0.45
0.056 0.74

p-Value when included in random effect weighted metaregression.

by each of the significant predictors, to estimate
sensitivity and/or specificity for studies with, or
without, the relevant predictor. The results are
shown in Table 13. In general, studies that
reported their setting had lower sensitivity and
higher specificity, compared with those where the
setting was not stated. With one exception, studies
that were reported as prospective were also
reported as having consecutive recruitment. These
studies reported lower sensitivity and higher
specificity than those that did not report these
factors. Overall, therefore, it appears that studies
with better reporting had lower sensitivity and
higher specificity.

Strain-gauge plethysmography

The results of metaregression for strain-gauge
plethysmography are outlined in Table 14. Using a
threshold of p < 0.1 for statistical significance,
setting for recruitment (p < 0.001) and the
proportion of males in the cohort (p = 0.005) were
associated with variation in sensitivity, while no
variables were associated with variation in specificity.

Sensitivity was higher in cohorts with a higher
proportion of males. This association is plotted in
an additional figure in Appendix 3 (Figure §5).
The meta-analysis was repeated, stratified by
setting (the only significant predictor). The results
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TABLE 13 Sensitivity and specificity for impedance plethysmography stratified by significant predictors

Variable

Setting: not stated (n = 14)

Setting: inpatient (n = 13)

Setting: outpatient (n = 6)

Setting: mixed (n = 7)

Setting: primary care (n = 2)

Consecutive (n = 16)

Prospective (n = 17)

95% Cl in parentheses. p-Values are for x? test for heterogeneity.

TABLE 14 Predictors of strain-gauge plethysmography sensitivity and specificity

Variable

Mean age

Proportion of males

DVT prevalence

Setting

Consecutive

Prospective

Reference standard independent
Plethysmography interpreted blind®
Reference standard interpreted blind®
Interpretation (automatic vs others)
Venographic reference standard

Sensitivity Specificity
83% (80 to 86) 84% (81 to 86)
p = 0.001 p < 0.001
70% (67 to 73) 91% (89 to 92)
p < 0.001 p < 0.001
73% (68 to 77) 93% (91 to 95)
p < 0.001 p=10.0I13
69% (63 to 74) 88% (85 to 9I)
p < 0.001 p = 0.003
83% (74 to 91) 93% (88 to 97)
p =0.976 p =0.743
70% (67 to 73) 93% (91 to 94)
p < 0.001 p < 0.001
69% (66 to 72) 93% (91 to 94)
p < 0.001 p < 0.001
Sensitivity Specificity
0.57 0.47
0.005 0.28
0.57 0.84
<0.001 0.20
0.62 0.49
0.33 0.99
0.93 0.20
0.87 0.49
0.87 0.49
0.55 0.14
0.40 0.28

p-Value when included in random effect weighted metaregression.
9 All studies that interpreted the reference standard blind also reported plethysmography blind.

are shown in Table 15. Sensitivity was higher in
outpatient and mixed cohorts, and lower in those
that did not report the setting.

Limited reporting restricted the reviewers’ ability
to identify potential causes of heterogeneity. In the
majority of studies of symptomatic patients the
entry criterion was merely clinical suspicion of
DVT, with no specification of the symptoms and
signs required for entry into the study, and often
no description of these features for those patients
who were entered. As the studies span a
considerable period and cover a number of
differing healthcare systems it is likely that the
clinical index of suspicion, and thus the entry

criteria, vary between studies. For each type of test
there was often variation in the equipment and
methodology used to perform the test. The
equipment used ranged from the commercially
produced to equipment developed by the
investigators for the purpose of the study. The
methods of interpretation of test results also often
differed. Although the principle of the test
remains the same, this variation in equipment,
methodology and interpretation may be a further
source of heterogeneity. The skill and training of
the operator performing the test often were not
described. Both the performance and in many
cases interpretation of the test will be highly
dependent on the experience of the operator.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.
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TABLE 15 Sensitivity and specificity for strain-gauge plethysmography stratified by setting for recruitment

Variable

Setting: not stated (n = 4)
Setting: ED (n = 1)

Setting: inpatient (n = 10)
Setting: outpatient (n = 3)

Setting: mixed (n = 2)

95% Cl in parentheses. p-Values for x? test for heterogeneity.

Interpretation of the results of individual tests was
often not blind and there is therefore considerable
scope for the appearance of the limb to influence
interpretation of the test result. In many studies it
was not possible to determine whether blinding
had occurred.

Studies reporting results stratified by clinical
probability

One study reported diagnostic performance of
impedance plethysmography stratified by Wells
criteria.””> Among patients with a high Wells score,
sensitivity (95% CI) was 81.4% (69.6 to 89.3) and
specificity was 69.2 % (42.4 to 87.3). Among
patients with an intermediate Wells score
sensitivity was 47.6% (33.4 to 62.3) and specificity
was 90.6% (82.5 to 95.2). Among patients with a
low Wells score sensitivity was 40.0% (19.8 to 64.3)
and specificity was 95.3% (91.8 to 97.4). The test
therefore had higher sensitivity (p = 0.001) and
lower specificity (p = 0.001) in high-risk patients.
This finding suggests that unreported differences
between cohorts in the clinical risk of DVT may be
responsible for the unexplained heterogeneity
between studies.

Summary

Plethysmography and rheography techniques
appear to have a limited role in the diagnosis of
clinically suspected DVT. The two most widely
investigated tests are impedance and strain-gauge
plethysmography in symptomatic patients.
Impedance plethysmography has sensitivity and
specificity of 75% and 90% respectively. The
equivalent values for strain-gauge
plethysmography are 83% and 81%. In
asymptomatic patients sensitivity is too poor for
any of the techniques to be useful. Metaregression
was limited by poor reporting of studies. There

Sensitivity

82% (77 to 86)
p=00I3

63% (52 to 73)

84% (81 to 87)

Specificity

78% (75 to 81)
p < 0.001

77% (67 to 84)

81% (79 to 83)

p < 0.001 p < 0.001
86% (83 to 89) 87% (84 to 90)
p=0.119 p = 0.001
89% (85 to 92) 91% (88 to 94)
p = 0.476 p=0219

was some evidence that diagnostic performance
depended on prevalence of DVT in the cohort and
reported setting for recruitment.

Ultrasound

In total, 3992 titles/abstracts were scanned and
400 potentially relevant articles were selected for
retrieval (kappa = 0.85). Review of the full articles
identified 151 that met the inclusion criteria
(kappa = 0.90). Six of these duplicated data
published elsewhere and were excluded. No
appropriate data could be extracted or analysed
from a further nine articles, despite attempts to
contact the authors. Review of the bibliographies
of the selected articles identified six additional
articles for inclusion. Thus, 142 articles were
included in the meta-analysis.

The 142 studies reported a total of 150 cohorts
(eight studies reported two separate cohorts): 100
reported patients with clinically suspected
DVT:46:114,176,178,185,186,190,193,199,210,222-224,228,236,249,
250.255-336 45 yeported asymptomatic
43,58,171,210,249,259,267,302,317,337-371
206,282,372-374

patients and five

reported mixed cohorts.

Cohorts with clinically suspected DVT
The 100 cohorts of patients with clinically
suspected DVT were reported as follows: 53
reported proximal and distal DVT separately, 19
only reported proximal DVT, three only reported
distal DVT, and 25 were unclear or reported
proximal and distal DVT together. DVT
prevalence varied from 20 to 94% (median 48%).
The proportion of proximal DVT (of all DVT
detected) ranged from 48 to 100% (median 78%).
The mean or median age was reported by 60
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FIGURE 12 Ultrasound ROC plane for studies of clinically suspected DVT

cohorts, and ranged from 39 to 68 (median

57 years). The male to female ratio was reported
by 65 cohorts, with the proportion of males
ranging from 15 to 95% (median 45%).

Cohorts were recruited from the following settings:
outpatient clinic (11), inpatients (12), emergency
department (4), mixed (18) and not stated (55).
Recruitment was reported to be consecutive in 48
and prospective in 67. Twelve papers excluded
patients with previous DV and 45 papers did not
report any exclusion criteria.

The following techniques were used: 22 used
compression ultrasonography alone, five used
colour Doppler alone, 16 used continuous-wave
Doppler alone, 28 used duplex (compression and
colour Doppler), 25 used triplex (compression,
colour Doppler and continuous-wave doppler) and
four used other techniques.

Quality criteria were recorded as follows:

¢ The reference standard was independent of
ultrasound in all studies (all patients had to
have venography for the study to be included).

e Ultrasound was interpreted blind to the results of
venography in 62 cohorts and was unclear in 38.

e Venography was interpreted blind to the
ultrasound result in 56 cohorts, was interpreted
by observers aware of ultrasound result in two
and was unclear in 42.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

Results of meta-analysis

Pooled sensitivity (95% CI, p-value for
heterogeneity) for detecting any DVT was 89.7%
(88.8 t0 90.5, p < 0.001). Pooled sensitivity for
detecting proximal DVT was 94.2% (93.2 to 95.0,
p < 0.001) and for distal DVT was 63.5% (59.8 to
67.0, p < 0.001). Pooled specificity, calculated
using data from all 98 studies, was 93.8% (93.1 to
94.4, p < 0.001). When restricted to the 53 studies
reporting full data, specificity was 94.2% (93.4 to
95.0, p < 0.001). Figure 12 shows the ROC plane
for the studies. The data for individual studies and
pooled estimates of sensitivity and specificity are
outlined in the additional figures in Appendix 3
(Figures 86 and 87).

Results of metaregression

The results of metaregression of studies of
ultrasound for patients with clinically suspected
DVT are outlined in Table 16. Using a threshold of
p < 0.01 for statistical significance, use of
compression ultrasound, interpretation by a
radiologist, prevalence of DVT and the proportion
of proximal DVT were all significant predictors of
sensitivity. Only the use of compression ultrasound
predicted specificity.

There were 33 studies in which the operator was
reported as being a radiologist. Meta-analysis
surprisingly showed that diagnostic performance
was generally slightly worse among these studies.
Overall sensitivity (95% CI) was 86.1% (83.8 to
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TABLE 16 Metaregression of studies of ultrasound in patients with clinically suspected DVT

Variable

Setting for recruitment

Consecutive recruitment

Mean age

Proportion of males

Prospective

Comepression ultrasound used

Colour Doppler used

Radiologist interpreted

Sonographer interpreted

Ultrasound performed blind to reference standard
Reference standard performed blind to ultrasound
DVT prevalence

Proportion of proximal DVTs

Sensitivity Specificity
0.14 0.43
0.78 0.55
0.36 0.17
0.66 0.24
0.26 0.24
0.024 0.023
0.93 0.44
0.064 0.52
0.52 0.44
0.44 0.52
0.59 0.56

<0.001 0.11
0.04 0.14

p-Value when included in random effect weighted metaregression.

88.3), sensitivity for proximal DVT was 94.4%
(92.3 to 96.1), sensitivity for distal DV'T was 62.6%
(55.4 to 69.4) and specificity was 92.4% (90.9 to
93.7). Cohorts with a higher prevalence of DVT
and cohorts with a higher proportion of proximal
DVT tended to have higher sensitivity. The
relationship between DVT prevalence and
ultrasound sensitivity is plotted in an additional
figure in Appendix 3 (Figure §8), while the
relationship between the proportion of proximal
DVT and sensitivity is plotted in Figure 89
(Appendix 3).

Table 17 shows the results of analysis stratified by
the technique used. Optimal sensitivity is achieved
by using duplex or triplex techniques, while
optimal specificity is achieved by using
compression alone.

Studies reporting results stratified by clinical
probability

One study reported diagnostic performance of
ultrasound stratified by Wells criteria.® Among
patients with a high Wells score, sensitivity was 91%
(95% CI 81 to 96) and specificity was 100 % (77 to
100). Among patients with an intermediate Wells
score sensitivity was 61% (95% CI 46 to 74) and
specificity was 99% (94 to 100). Among patients
with a low Wells score sensitivity was 67% (95% CI
42 to 85) and specificity was 98% (95 to 99).

Asymptomatic cohorts

The 45 cohorts of asymptomatic patients were
reported as follows: 25 reported proximal and
distal DVT separately, ten reported only proximal
DVT, two reported only distal DVT, and eight were
unclear or reported proximal and distal DVT
together. DVT prevalence varied from 6 to 58%

(median 21%). The proportion of proximal DVT
(of all DVT detected) ranged from 7 to 86%
(median 36%). The mean or median age was
reported by 30 cohorts, and ranged from 51 to 82
(median 67) years. The male to female ratio was
reported by 27 cohorts, with the proportion of
males ranging from 20 to 72% (median 41%).

Most of the cohorts (36/45) were recruited from
patients who had just received orthopaedic surgery
(hip or knee replacement). Recruitment was
reported to be consecutive in 28 and prospective
in 40. Eight papers excluded patients with
previous DV, while 12 papers did not report any
exclusion criteria.

The following techniques were used: 12 cohorts
used colour Doppler, 16 used compression
ultrasonography, 16 used a combination of
techniques and five did not clarify the techniques
used.

Quality criteria were recorded as follows:

¢ The reference standard was independent of
ultrasound in all studies.

e Ultrasound was interpreted blind to the results
of venography in 41 cohorts and was unclear in
four.

e Venography was interpreted blind to the
ultrasound result in 38 cohorts, was interpreted
by observers aware of ultrasound result in one
and was unclear in six.

Results of meta-analysis

Pooled sensitivity (95% CI, p-value for
heterogeneity) for detecting any DVT was 50.7%
(47.1 to 54.4, p < 0.001). Pooled sensitivity for
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TABLE 17 Results of meta-analysis stratified by ultrasound technique used

Sensitivity for
all DVT

Compression only (n = 22)

Colour Doppler only (n = 5)

Continuous wave Doppler only (n = 16)

Triplex (n = 25)

Duplex (n = 28)

90.3%
(88.4 to0 92.0)
p < 0.001

81.7%
(77.4 to 85.5)
p < 0.001

81.1%
(78.2 to 83.7)
p < 0.001

91.1%
(89.0 to 93.0)
p < 0.001

92.1%
(90.7 to 93.5)
p < 0.001

93.3%

Others (n = 4)
(88.8 to 96.4)
p=0.338

Sensitivity for Sensitivity for Specificity
proximal DVT distal DVT
93.8% 56.8% 97.8%
(92.0 to 95.3) (49.0 to 66.4) (97.0 to 98.4)
p = 0.005 p < 0.001 p = 0.0l
95.8% 43.5% 92.7%
(85.7 to0 99.5) (23.2 to 66.5) (89.7 to 95.1)
p = 0.427 p = 0.009 p = 0.003
87.8% 41.8% 84.0%
(84.7 t0 90.5) (32.5t0 51.6) (81.4 to 86.3)
p < 0.001 p =0.015 p < 0.001
96.4% 75.2% 94.3%
(94.4 t0 97.9) (67.7 to0 81.6) (92.5 t0 95.8)
p < 0.001 p < 0.001 p < 0.001
96.5% 71.2% 94.0%
(95.1 to 97.6) (64.6 t0 77.2) (92.8 to 95.1)
p < 0.001 p < 0.001 p < 0.001
- - 96.0%
(92.2 t0 98.2)
p < 0.001

95% Cl in parentheses. p-Values are for x? test for heterogeneity.

detecting proximal DVT was 66.7% (61.9 to 71.3,
p < 0.001) and for distal DVT was 39.0% (34.5 to
43.6, p < 0.001). Pooled specificity, calculated
using data from all 45 studies, was 96.5% (95.9 to
97.1, p < 0.001). When restricted to the 25 studies
reporting full data specificity was 97.0% (96.2 to
97.7, p < 0.001). Figure 13 shows the ROC plane
for these 25 studies. The data for individual
studies and pooled estimates of sensitivity and
specificity are outlined in the additional figures in
Appendix 3 (Figures 90 and 91).

Results of metaregression

The only significant predictors of sensitivity were
prospective study (p = 0.040) and prevalence of
DVT (p = 0.019). No significant predictors of
specificity were identified. Pooled estimates from
the 39 studies that reported that they were
prospective were: sensitivity (all DVT) 55.6% (95%
CI 52.3 to 58.8, p-value for heterogeneity <0.001)
and specificity 96.4% (95.8 to 97.0, p < 0.001).
The association between sensitivity and prevalence
is shown in an additional figure in Appendix 3
(Figure 92). In contrast to the findings of
metaregression in clinically suspected cohorts,
studies with a higher prevalence of DVT reported
lower sensitivity.

Mixed cohorts
Three of the five mixed cohorts reported proximal
and distal DVT separately, one reported proximal
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only and the other was unclear. Pooled sensitivity
(95% CI, p-value for heterogeneity) for detecting
any DVT was 75.9% (66.7 to 83.6, p < 0.001).
Pooled sensitivity for detecting proximal DVT was
93.2% (84.7 to 97.7, p = 0.085) and for distal DVT
was 55.8% (41.3 to 69.5, p = 0.513). Pooled
specificity, calculated using data from all five
studies, was 97.9% (93.6 to 98.9, p = 0.212).

Repeat ultrasound

No studies were identified that compared the
results of repeat scanning with venography in a
complete cohort of patients, so no studies of
repeat scanning were included in the meta-
analysis. However, several excluded studies
provided some useful data to guide practice. Five
studies were identified that reported the results of
repeat scanning in cohorts of patients with
suspected DVT. Three of these used venography in
some patients to confirm the results of positive
repeat scanning. Details of these studies are
summarised in Table 18.

Repeat scanning had a positive rate of 0-2%.
Where venography was used to confirm positive
findings, the positive predictive value of
ultrasound was 82-94%. Overall, the best estimate
of the positive rate of repeat scanning is 35/2610
= 1.34% (95% CI 0.97 to 1.86%), with a positive
predictive value of 146/164 = 89.0% (95% CI 83.3
to 92.9%).
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FIGURE 13 Ultrasound ROC plane for studies of asymptomatic patients with full reporting

TABLE 18 Studies of repeat ultrasound scanning

Study Number (%) of initial

scans positive

Heijboer, 199320 93/491 (19)
Cogo, 1998' 400/1702 (24)
Sluzewski, 1991'7 67/174 (39)
Birdwell, 1998'8 63/405 (16)

Birdwell, 2000'° 95/709 (13)

The use of repeat scanning has been restricted in
some strategies on the basis of clinical probability
or D-dimer result. These are outlined in Table 19.
The results suggest that a selective approach can
produce a higher rate of positive scans, although
none of the studies used venographic
confirmation. For example, two studies of repeat
ultrasound limited to patients with a positive D-
dimer produced an overall positive scan rate of

22/606 = 3.63% (95% CI 2.42 to 5.44%).

Summary

In patients with clinically suspected DV,
ultrasound can rule out proximal but not distal
DVT. In asymptomatic patients neither proximal
nor distal DVT can be ruled out by ultrasound. In
both patient groups specificity is good, but not
perfect, so use of this technique in low-risk

Number (%) of repeat
scans positive

Number (%) of positive
scans (initial or repeat)
confirmed by

venography
7/397 (1.8) 84/89 (94)
12/1252 (1.0) -
0/98 (0) -
7/342 (2.0) 23/28 (82)
9/521 (1.7) 39/47 (83)

patients carries the risk of producing significant
numbers of false-positive results. Optimal
sensitivity (particularly for distal DVT) is achieved
by the combined use of compression ultrasound
and colour Doppler, while optimal specificity is
achieved by using compression ultrasound alone.
Sensitivity of ultrasound appears to be dependent
on the prevalence of DVT in the cohort, although
the association differs between clinically suspected
and asymptomatic cohorts. This is probably
explained by the relative proportions of proximal
and distal DVT in symptomatic and asymptomatic
cohorts. Symptomatic cohorts include
predominantly proximal DV'T, which are more
easily identified by ultrasound, whereas
asymptomatic cohorts include predominantly
distal DV'T, which are frequently missed by
ultrasound. Higher prevalence of DVT is likely to
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TABLE 19 Studies of repeat ultrasound scanning for subgroups of patients

Study Group

Wells, 1997°8

Tick, 200277
Bernardi, 19987
Kraaijenhagen, 200252

Intermediate Wells score

Positive D-dimer
Positive D-dimer

imply more proximal DVT in symptomatic cohorts
and more distal DVT in asymptomatic cohorts.

CT scan

In total, 2038 titles/abstracts were scanned and 42
potentially relevant articles were selected for
retrieval (kappa=0.76). Review of the full articles
identified 14 that met the inclusion criteria
(kappa=0.93). Two of these duplicated data
published elsewhere and were excluded. No
appropriate data could be extracted or analysed
from a further three articles, despite attempts to
contact the authors. Review of the bibliographies
of the selected articles identified no additional
articles for inclusion. Thus, nine articles were
included in the meta-analysis.*’6-84

The characteristics of the studies are outlined in
Appendix 2 (Table 36). Most studies compared CT
with ultrasound in patients with suspected PE.
Only three studies included patients with clinically
suspected DVT and only one compared CT with
venography. The only exclusion criteria reported
by the studies related to contraindications to
intravenous contrast or failure to obtain a
reference standard test. The majority of scans were
performed using helical CT scanners, with
contrast injected into an arm vein and imaging
timed to coincide with opacity of the deep veins of
the legs to allow assessment of these veins for
thrombus. A radiologist interpreted the scans in
all studies, but only one study reported the
experience or grade of the radiologist. One study
measured interobserver error of CT
interpretation, reporting a kappa score of 0.88.
The criteria for a positive CT result were clearly
defined in eight of the nine studies.

Quality criteria were scored as follows:

e The reference standard was applied
independently of the results of CT scanning in
six studies and was unclear in three.

e (T was interpreted blind to the reference
standard in five studies and was unclear in four.
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Intermediate or high Wells score and positive D-dimer

Initial scan Repeat scan

27/193 (14%)
300/531 (57%)
260/946 (27%)
391/1739 (22%)

3/166 (1.8%)
13/83 (15.7%)
5/88 (5.7%)

17/518 (3%)

¢ The reference standard was interpreted blind to
the CT result in four studies, was interpreted by
observers aware of the CT result in two and was
unclear in three.

Figures 14 and 15 show the forest plots for
sensitivity and specificity. The pooled estimate of
sensitivity was 95% (95% CI 91 to 97%) and the
pooled estimate of specificity was 97% (95% CI 95
to 98%). However, both estimates were subject to
significant heterogeneity (p = 0.01 and p < 0.001,
respectively). Reported sensitivity ranged from 71
to 100% in the individual studies, while specificity
ranged from 93 to 100%.

There was significant heterogeneity between
studies, but there were too few studies to use
metaregression to examine this. Reasons for this
heterogeneity are probably multiple. There was a
number of differences in technical aspects of
acquiring the scans. The type of scanner varied,
although the majority were spiral (helical)
scanners. In addition, the way in which they were
used varied, for example, scan time and table
movement speed varied, and this had an impact
on the quality of the images obtained. Different
techniques to acquire venous images were
described, with variable anatomical areas
investigated in various papers. The diagnostic
criteria used in the papers to diagnose DV'T were
quite variable and the level of expertise of the
readers also varied considerably. Although the
majority of papers examined cases with suspected
PE, one of the papers with a lower sensitivity*® did
not, and in this paper the prevalence of DVT was
considerably lower. Overall, in many of the papers
the risk of verification bias was quite large and the
degree to which this was a problem probably varied
between papers, and the reason for patients
proceeding to CT venography when having CT
pulmonary angiography was often not clear.

Summary

CT scanning appears to have excellent sensitivity
and specificity for DVI. However, this finding is
based on a limited number of studies that mostly
recruited patients with suspected PE. The
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FIGURE 15 Specificity of CT scanning for DVT

reference standard in all but one study was
ultrasound, which is known to have imperfect
sensitivity and specificity. The use of intravenous
contrast for CT scanning means that this
technique incurs many of the risks of venography.
Current data are therefore insufficient to
recommend any role for CT scanning in routine
diagnostic evaluation for DVT.

MRI scan

In total, 1291 titles/abstracts were scanned and 35
potentially relevant articles were selected for
retrieval (kappa = 0.84). Review of the full articles
identified 16 that met the inclusion criteria
(kappa = 0.91). Two of these duplicated data
published elsewhere and were excluded. No

appropriate data could be extracted or analysed
from one further article, despite attempts to
contact the authors. Review of the bibliographies
of the selected articles identified one additional
article for inclusion. Thus, 14 articles were
included in the meta-analysis.?!?-315:385-39%

The characteristics of the studies are outlined in
Appendix 2 (1able 37). Most studies compared
MRI with contrast venography in patients with
suspected DVT. The only exclusion criteria
reported by the studies related to
contraindications to MRI or venography, or failure
to obtain a reference standard test. The majority
of studies used a two-dimensional time of flight
(ToF) technique to image flowing blood in the
veins of the leg. Some also incorporated phase-
contrast imaging for equivocal cases, but only a
few later studies used contrast-enhanced venous
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FIGURE 16 Sensitivity of MRI scanning for DVT

imaging and only one study used direct thrombus
imaging. A radiologist interpreted the scans in all
studies, but only two studies reported the
experience or grade of the radiologist, stating that
they were “experienced” and a “specialist”. Two
studies measured interobserver error of MRI
interpretation: one reported a kappa score of 0.94,
the other a kappa score of 0.85 for femoral vein
interpretation and 0.97 for the iliac vein. The
criteria for a positive MRI result were clearly
defined in 11 studies.

Quality criteria were scored as follows:

¢ The reference standard was applied
independently of the results of MRI scanning in
all of the studies.

e MRI was interpreted blind to the reference
standard in 11 studies and was unclear in three.

e Reference standard was interpreted blind to the
MRI result in 11 studies and was unclear in
three.

Figures 16 and 17 show the forest plots for
sensitivity and specificity. The pooled estimate of
sensitivity was 92% (95% CI 88 to 95%) and the
pooled estimate of specificity was 95% (95% CI 93
to 97%). However, both estimates were subject to
significant heterogeneity (p < 0.001 for both).
Reported sensitivity ranged from 0 to 100% in the
individual studies, while specificity ranged from 43
to 100%.
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As with the studies on CT venography, there were
insufficient studies to use metaregression to
examine the causes for significant heterogeneity
between studies on MR venography. Review of the
papers suggests a number of probable causes for
this heterogeneity. The MR technique described
was usually a TOF MR venography technique,
although other techniques such as contrast-
enhanced MR venography, direct thrombus
imaging, phase-contrast MR venography and cine
MRI were reported in more recent papers, either
as the sole modality to diagnose DVT or as a
supplement to TOF imaging. In addition, the way
in which the images were reviewed varied, with
some describing using maximum intensity
projection images and others purely examining
source axial images. The anatomical areas
examined varied between studies, with some
papers examining the whole leg and pelvic veins,
and others focusing on one anatomical area alone.
The experience of the person interpreting the
images was also variable, and this was probably an
important determinant of how well MR
venography performed. This is suggested by the
paper by Larcom and colleagues,®® who initially
used a non-specialist radiologist to interpret the
MR venograms, with a reported sensitivity of 45%
(5/11). Retrospective interpretation by a specialist
MR angiographer produced a sensitivity of 91%
(10/11). Using these results in the meta-analysis
produces a pooled estimate of sensitivity of 94%
(95% CI 90 to 96%), but there was still significant
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FIGURE 17 Specificity of MRI scanning for DVT

heterogeneity (p < 0.001). The degree of
verification bias was also difficult to gauge, and
may have varied between studies.

In examining the papers by Larcom,* Sica®®® and
Jensen,*7 the three papers whose results appear
as the most obvious outliers, there are probably
specific reasons for this. Two of the papers*7-*%
were reports on asymptomatic patients following
surgery or lower limb injury, in which the
prevalence of DVT was low. In the other paper®®
the imaging was limited to diagnosis of calf vein
DVT only. In the only other paper, examining
asymptomatic papers by Montgomery and
colleagues®” MR performed better. This paper
limited imaging to the pelvis, where contrast

6

venography may perform badly, and where certain
veins, for example the internal iliac veins, will

not be visualised by conventional contrast
venography.

Summary

MRI scanning appears to have similar sensitivity
and specificity to ultrasound. These findings are
supported by a number of studies comparing MRI
to venography in patients with clinically suspected
DVT. MRI scanning requires specialist
interpretation, which will limit its usefulness in
routine practice. There is currently insufficient
evidence of any superiority over ultrasound to
justify using MRI as an alternative to either
ultrasound or venography.
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Chapter 4

Discussion: systematic reviews and meta-analysis of
non-invasive diagnostic tests

The principal findings of the meta-analyses are:

e Individual clinical features have little diagnostic
value in suspected DVT.

e The Wells score provides useful diagnostic
information by using standardised clinical
assessment to categorise patients into high-,
intermediate- and low-risk categories.
Diagnostic performance may vary between
populations and only proximal DVT appears to
be reliably categorised.

e Other recently developed clinical scores require
further validation.

e Unstructured assessment of clinical probability
may have comparable diagnostic performance
to Wells score, but is supported by fewer data
and is not standardised.

e D-dimer is sensitive, particularly for proximal
DVT, but has poor specificity. There is some
variation between assays: ELISAs have better
sensitivity and poorer specificity, while whole-
blood agglutination assays have better
specificity and poorer sensitivity. Specificity
appears to be dependent on the clinical
probability of DVT, being higher in patients
with a lower probability of DVT.

e Plethysmography and rheography techniques
have modest sensitivity for proximal DV'T, poor
sensitivity for distal DVT and modest specificity.

e Ultrasound has good sensitivity for proximal
DVT, modest sensitivity for distal DVT and
good specificity.

e CT scanning has good sensitivity and specificity
for DVT, but this is based on a very limited
amount of data, mostly from studies of patients
with suspected PE.

e MRI scanning has similar sensitivity and
specificity to ultrasound, but is more expensive
to perform and difficult to interpret.

e Non-invasive tests generally have worse
diagnostic performance when used in
asymptomatic patients, compared with use in
patients with clinically suspected DVT. D-dimer
has comparable sensitivity and slightly worse
specificity, while ultrasound and
plethysmography techniques have poor
sensitivity in asymptomatic patients.
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Interpretation of these findings

Individual clinical features

The poor performance of clinical features in DVT
diagnosis may be explained by the way in which
the study cohorts are assembled. ‘Suspected DV’
is a clinical entity that is generated by the
clinician, rather than the patient. Patients do not
present with “suspected DVT”, but with symptoms
of pain, swelling or some other concern. To be put
in a study cohort they need to be labelled by a
clinician and then referred for diagnostic testing.
This referral filter is likely to be based on the
clinical features evaluated in studies. For example,
a patient is unlikely to be considered to have
suspected DVT if there if no leg pain or

swelling. Therefore, we should not conclude that
clinical features have little value in DVT

diagnosis in any circumstances, but simply that,
once the diagnosis of DVT has been suspected
sufficiently to warrant consideration for further
investigation, clinical features are unlikely to

be helpful. These conclusions are thus more
relevant to secondary than primary care. The
process by which patients acquire a label of
having “suspected DV'1” requires further
investigation.

Wells clinical score

Wells clinical score provides a useful, reproducible
way of estimating the pretest probability of DV'T.
Variation in performance of Wells score is
probably explained by differences in population
characteristics and between users of the score.
Two studies estimated interobserver error for
Wells score,®5® recording kappa values of 0.75
and 0.85, indicating excellent agreement.
However, these studies were undertaken in
settings in which the observers were well trained
and very familiar with the score. It would be
useful to measure the interobserver error among
different clinicians working in different settings.
Wells score effectively categorises proximal, but
not distal, DV'T. This is probably because distal
DVT are less likely to produce measurable

clinical signs, such as a difference in calf diameter,
and thus are unlikely to be categorised as high
risk.
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Unstructured, empirical clinical
assessment

Although appearing to have similar diagnostic
value to Wells score, the estimates of diagnostic
parameters for unstructured clinical assessment
had wide confidence intervals, being based on
only four studies and showing considerable
heterogeneity. By its very nature unstructured
clinical assessment is not reproducible and will rely
on clinicians sharing the same skills and training.
Furthermore, some of the studies of unstructured
assessment were performed alongside studies of
Wells score,%6%70 50 it is perhaps unsurprising
that similar estimates of diagnostic performance
were obtained.

D-dimer

D-dimer has good sensitivity, but poor specificity.
The poor specificity of D-dimer is explained by
the wide variety of different conditions that may
elevate D-dimer levels. Smoking, pregnancy,
recent trauma or operations, malignancy and
infection may all elevate D-dimer, and may also
either coexist with, or be a differential diagnosis
for, suspected DVT.**® This was demonstrated by
metaregression, which showed that cohorts that
excluded some of these groups of patients were
more likely to report higher specificity. Hence, it
appears that D-dimer specificity may be better in
selected groups of patients with no alternative
cause for D-dimer elevation. Metaregression also
showed that D-dimer has higher sensitivity in
studies that excluded anticoagulated patients and
those with a prolonged history. This supports
recent guidance that advises caution in using
D-dimer if the patient has had symptoms for more
than 2 weeks or if they have received
anticoagulant therapy.®%

Co-morbidities associated with false-positive
D-dimer probably also explain why D-dimer
appears to have markedly better specificity in
patients stratified to Wells low clinical probability.
Some co-morbidities, such as malignancy,
automatically put patients in a higher Wells risk
category and also generate false-positive D-dimer
results. Regardless of the reasons, it is fortunate
that D-dimer has better diagnostic performance in
clinically low-risk patients, because this is the
group where it may be most valuable. The
relatively high sensitivity of D-dimer may be
considered adequate to rule out DVT in clinically
low-risk patients, but not high-risk patients.

Choice of diagnostic threshold did not appear to
influence sensitivity or specificity in the meta-
analysis. This is probably because, where possible,

either the manufacturer’s recommended threshold
or the most frequently used threshold was chosen,
thus deliberately reducing heterogeneity. The
importance of using an appropriate threshold for
D-dimer must be emphasised.

"Two previous meta-analyses of D-dimer produced
conflicting conclusions. Stein and colleagues'”
reviewed the use of D-dimer for ruling out DVT
and PE, and concluded that ELISAs were more
useful than other assays by virtue of higher
sensitivity, and were as diagnostically useful for
ruling out DVT as a negative ultrasound scan.
Heim and colleagues*” reviewed the use of D-
dimer for ruling out DVT, and concluded that D-
dimer should not be used as a stand-alone test for
DVT, because variation among results of individual
studies meant that many reported sensitivity below
90%, and were thus unsuitable as a rule-out test.
These meta-analyses did not include as many
studies as the present analysis, and only undertook
limited analyses to identify potential causes of
variation. By undertaking metaregression,
analysing proximal and distal DV'T separately, and
analysing results stratified by clinical probability,
this study has provided insight into the factors
that may influence the diagnostic performance of
D-dimer. Deciding whether D-dimer is sufficiently
sensitive to rule out DVT clearly involves an
element of subjectivity, but is best addressed with a
full understanding of how D-dimer performs in
different circumstances.

Plethysmography techniques

Air, strain-gauge and impedance plethysmography
all rely on changes in volume to detect DVT. It is
therefore theoretically likely that the ability of
these techniques to detect DVT accurately will
depend on the size and location of the thrombus,
with smaller, distal DV'T being more likely to be
missed. This is reflected by the comparative
sensitivities of all three techniques for proximal
and distal DVT. Sensitivity for distal DVT is much
lower in all three cases.

This may also explain the findings of the only
study to stratify results by Wells criteria.”
Impedance plethysmography had lower sensitivity
in low-risk patients, perhaps indicating that
smaller, more distal thrombi are likely to result in
lower Wells categorisation and a greater risk of
being missed. It could be argued that this is
fortuitous, because smaller, more distal thrombi
are less likely to propagate to form PE, and are
thus more ‘forgiving’ if missed. Alternatively, it
could be argued that low sensitivity in low-risk
patients makes impedance plethysmography less
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useful for ruling out DVT in low-risk patients,
particularly compared with the performance of
D-dimer in this group. However, it should be
recognised that this finding has only been
demonstrated in one study of impedance
plethysmography and needs to be explored
further in other studies and other techniques.

Ultrasound

Comfort and convenience have made ultrasound a
popular choice for DVT diagnosis. This meta-
analysis confirms that ultrasound has good
sensitivity for proximal DVT and good specificity,
although sensitivity for distal DVT is less
impressive. Use of ultrasound therefore requires a
strategy for managing possible distal DV'T or a
conviction that these DVT are of little pathological
significance.

The present estimates of sensitivity and specificity
were slightly lower than estimates from previous
meta-analyses.12’15 This is probably because, in this
study, very few restrictions were placed on
selection of studies and thus studies were included
from a wide range of settings, with operators of
varying skills and experience. Therefore, these
estimates may not reflect the best potential
diagnostic performance for ultrasound, but
probably do reflect real practice.

Stratifying analysis by ultrasound technique
showed that duplex and triplex techniques had
optimal sensitivity, while using compression
ultrasound alone resulted in better specificity. This
suggests that the ultrasound technique could be
tailored to the clinical situation. If the aim of
ultrasound is simply to rule out proximal DVT in a
low-risk population then it is probably appropriate
to use compression ultrasound alone to avoid
generating too many false positives. If, however,
ultrasound is being used in a high-risk population,
or is intended to detect distal DV'T, then duplex or
triplex techniques should be used.

Repeat ultrasound scanning

No studies were found comparing the results of
repeat scanning to venography in all cases and thus
no studies suitable for inclusion in the meta-
analysis. The evidence base for repeat scanning
seems to be observational studies reporting the rate
of positive repeat scans. These suggest that 1.3% of
repeat scans will be positive, although it may be
possible to increase this rate by selecting patients
on the basis of clinical risk or D-dimer result.

If the rationale for repeat scanning is to detect
initially distal DVT that propagate proximally,
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then findings from other elements of the meta-
analyses cast some doubt on the use of Wells score
to select patients for repeat scanning. Wells score
appropriately categorised patients with proximal
DVT into high-, intermediate- and low-risk
groups, but patients with distal DVT were more
likely to be categorised as intermediate risk than
high. Limiting repeat scanning to high-risk
patients thus makes little sense if the aim is to
detect extending distal DV'T. Selection on the basis
of D-dimer result is perhaps more appropriate.
Although the sensitivity of D-dimer for distal DVT
is only modest it does provide some degree of
discrimination. Patients with a positive D-dimer
and negative initial scan are more likely to have a
distal DVT than those with both tests negative.
Observational studies of selected groups of
patients undergoing repeat ultrasound provide
some weak evidence that selection on the basis of
D-dimer produces a higher positive rate 6277375

CT scanning

Most studies of CT scanning for DVT have been
undertaken on convenience samples of patients
undergoing CT for suspected pulmonary embolus.
These patients are probably more likely to have
proximal DVT and thus produce inflated estimates
of sensitivity. Furthermore, the reference standard
in most studies was ultrasonography, which has
imperfect sensitivity and specificity. CT scanning
for DVT therefore requires further evaluation.
Since CT is a relatively expensive test and accurate
thrombus identification requires injection of
intravenous contrast, it seems that CT carries
many of the costs, risks and inconveniences that
have led to the recent decline in the use of
venography. Furthermore, CT requires a
substantial radiation dose. This would have
important implications if C'T were to become
widely used for a common complaint such as
suspected DVT.

MRI scanning

MRI scanning has been subject to more
appropriate evaluation than CT scanning and
does not appear to have quite the same diagnostic
performance as CT. One crucial limitation
associated with MRI scanning is the need for
expert radiological interpretation, without which
diagnostic performance can be markedly
impaired. MRI scanning also shares with CT and
venography the disadvantages of high cost and the
need for intravenous contrast. Access to MRI
scanning is currently very limited, so using MRI
for urgent complaints such as suspected DVT will
increase waiting times for other important, but less
urgent conditions. Since diagnostic performance
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appears similar to ultrasound, the role of MRI is
likely to remain limited.

Asymptomatic cohorts

All of the diagnostic tests appeared to have poorer
performance in asymptomatic patients. Sensitivity
was markedly lower for plethysmography and
ultrasound, whereas the sensitivity of D-dimer was
only slightly reduced. This may be explained by
the size and distribution of thrombi. In
asymptomatic patients thrombi are more likely to
be smaller and more distal.'? This creates
substantial difficulties for techniques that rely on
size and proximal location for detection.

Specificity, in contrast, was decreased for D-dimer
and, if anything, higher for plethysmography and
ultrasound. This is explained by the fact that
asymptomatic patients usually undergo screening
for DVT because of a risk factor that may itself be
a cause of false-positive D-dimer results. The most
common group of patients receiving asymptomatic
screening is postoperative orthopaedic patients.
These patients often have elevated D-dimer levels
without DVT.

Limitations

Systematic review and meta-analysis of diagnostic
test data is a relatively new research field.
Techniques for literature searching, reviewing and
undertaking meta-analysis are developing. Studies
of diagnostic tests are easier to perform than
clinical trials because they usually involve less
experimental intervention and can be more easily
integrated into routine care. This can make the
task of identifying, retrieving and analysing all
relevant data much harder. There are currently no
systems for registering diagnostic test studies and
the Standards for Reporting of Diagnostic
Accuracy (STARD) criteria® for reporting have
only recently been introduced. These factors mean
that the problems that affect meta-analysis of
clinical trial data are even more pronounced in
meta-analysis of diagnostic test data.

Publication bias

Only limited attempts were made to identify and
retrieve unpublished data. The potential effect of
publication bias on diagnostic test data is an issue
that has only recently been investigated. Most
published meta-analyses of diagnostic tests have
only searched electronic databases and reference
lists, and have not addressed the possibility of
publication bias.*"! If diagnostic test data are
subject to the same sort of bias as clinical trails,

then one might expect that publication bias would
lead to an overestimate of diagnostic performance
in meta-analyses.

Heterogeneity between studies
Substantial heterogeneity was identified between
individual study results whenever there were
sufficient numbers of studies to permit analysis.
Where appropriate, metaregression was carried
out to identify covariates that might explain some
of this heterogeneity. Although several covariates
were identified that were associated with better, or
worse, diagnostic performance, stratification of
studies by these covariates did not produce a
homogeneous group.

Metaregression was limited by poor reporting of
studies. Many studies did not report even the most
basic population characteristics, such as age and
gender, and most studies did not report exclusion
criteria. However, six studies of D-dimer and one
each of impedance plethysmography and
ultrasound reported data stratified by Wells
clinical score. These showed that diagnostic
performance of these tests appeared to be
dependent on clinical probability of DVT. It is
therefore very likely that unreported differences in
case mix and clinical probability could explain
much of the heterogeneity between studies.

The stratified analyses and the results of
metaregression suggest that the diagnostic
performance of non-invasive tests for DVT is
dependent on population characteristics. This
implies that diagnostic performance will vary
between patients and will depend on individual
patient characteristics. Care should therefore be
taken in using the results of these analyses.
Clinicians should consider what effect the
characteristics of the patients or population may
have on diagnostic performance.

Poor reporting of primary data

Poor reporting undermined other analyses and
conclusions in the meta-analysis. In many studies,
even when venography was used as a reference
standard, it was not clear whether proximal or
distal DVT were being reported. Nevertheless,
sufficient numbers of studies did report these data
clearly, and reasonably reliable estimates of
sensitivity for proximal and distal DVT were
obtained for most diagnostic tests. The exceptions
to this were Wells score, where estimates for
proximal and distal DVT were based on a small
number of studies, and individual clinical signs,
where no separate analysis of proximal and distal
DVT could be performed.
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Study quality

Study quality was assessed using the same three
criteria in all the reviews. Failure to meet these
criteria has been associated with overestimation
of diagnostic performance.?® However, there was
some evidence that the diagnostic performance
of tests for DVT tended to be higher in studies
that met the quality criteria. In studies of Wells
score, assessment of the reference standard blind
to the results of Wells scoring was associated with
better diagnostic performance. In studies of
D-dimer, blind measurement of D-dimer and
blind assessment of the reference standard were
both associated with higher diagnostic
specificity.

These findings are difficult to explain, as one
would logically expect lack of blinding to lead to
overestimates of diagnostic performance. It is
possible that the relationship between blinding
and diagnostic performance is confounded.
Quality criteria (or their reporting) may act as
markers for the overall care taken, and degree of
control involved, in a diagnostic evaluation. In
‘high-quality’ studies the diagnostic tests may be
performed in a tightly controlled, experimental
setting, whereas in ‘low quality’ studies they are
performed in a more pragmatic, ‘real-life’ manner.
If this is true, then estimates of diagnostic
performance from lower quality studies may better
represent how these tests perform in everyday
practice.

This explanation may also apply to other study-
level covariates, such as prospective data collection
and consecutive recruitment, that can be used as
markers of quality and appeared, at least in the
case of D-dimer specificity, to be associated with
better diagnostic performance. One exception to
these observations is the association between post
hoc determination of the D-dimer threshold and
higher sensitivity for D-dimer. Generating a
threshold for positivity from the same data set will
tend to overestimate the predictive or diagnostic
power of any feature or test.

Interdependence of tests

As discussed previously, five studies of
D-dimer®! 707192110 35d one each of impedance
plethysmography’® and ultrasound® suggested that
the diagnostic performance of these tests were
dependent on clinical probability. However, it is
not known whether other diagnostic tests show
similar characteristics. It seems reasonable to
assume that, although different D-dimer assays
have different specificity, this value will vary with
clinical probability of DVT.
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As well as being dependent on clinical probability,
diagnostic tests may be dependent on each other.
For example, the type of conditions that produce a
false-positive test for plethysmography may also
produce a false-positive ultrasound result. This has
potential implications if wanting to use tests in
combination, but the lack of appropriate data
limits the ability to draw conclusions.

Applicability to specific patient groups
With a few exceptions, such as the performance of
D-dimer in patients with malignancy, there were
very few data reporting the diagnostic
performance of tests in specific patient groups,
such as pregnant women or intravenous drug
abusers. Care should therefore be taken in
extrapolating findings to these patients. In
particular, the findings may not be applicable to
patients who develop DVT while hospital
inpatients. Although many cohorts reported
investigation of patients defined as being
inpatients, many of these may be patients who
were (historically) admitted for DV'T investigation,
rather than being inpatients who developed
suspected DVT.

Implications of the meta-analyses

The implications of these meta-analyses can be
summarised as follows:

¢ The most useful approach to clinical assessment
is probably to use the Wells score to estimate the
clinical probability of proximal DVT. However, it
is unlikely that this categorisation will be
considered accurate enough to allow treatment
decisions to be made without further testing.
Clinical probability scoring should therefore be
used as a basis for selecting further tests, rather
than treatment decisions.

¢ D-dimer testing is likely to be most usefully
applied to patients with a low clinical probability
of DVT. Specificity appears to be higher in
these patients and sensitivity, applied to a low-
risk population, may be considered adequate to
rule out DVT (proximal, if not distal).

e The role of plethysmography and rheography
remains unclear. Neither sensitivity nor
specificity is likely to be considered adequate to
rule out or rule in DVT without further testing.
Using impedance plethysmography to rule out
DVT in low-risk patients seems to be
undermined by the finding, albeit from only
one study,75 that sensitivity is lower in these
patients. Since it is likely that these techniques
will need to be used in conjunction with other
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diagnostic tests, more data are required to
investigate how plethysmography and
rheography interact with clinical probability and
other diagnostic tests.

e Ultrasound will probably be considered to have
adequate sensitivity to rule out proximal DVT
and specificity to rule in DVT, but inadequate
sensitivity to rule out distal DVT. However, these
judgements need to take into account clinical
probability of DVT. In a high-risk patient it may
be argued that the imperfect sensitivity of
ultrasound means that the risk of missed DVT
will be unacceptable. The potential
consequences of missing distal DVT also need
to be considered in relation to the risk of
extension and propagation.

¢ Using non-invasive testing in asymptomatic
patients presents substantial problems. D-dimer
may offer a simple, sensitive way of detecting
DVT in at-risk asymptomatic patients, but poor
specificity means that most patients will have a
positive result and further testing will be
required to confirm the diagnosis.
Plethysmography and ultrasound have poor
sensitivity in these patients.

Implications for future research

Although several hundred studies were included in
these meta-analyses there remain substantial areas

of uncertainty. This suggests that, while more
research is required, researchers need to aim for
quality, rather than quantity. Most importantly, the
reporting of future research must be improved:

¢ All future studies should report their findings
according to STARD criteria.

e The selection process must be clearly described
and specifically state whether patients with
conditions that could reduce diagnostic
performance, such as co-morbidities or previous
DVT, were excluded.

e The characteristics of the study population must
be clearly described: mean/median age, gender
balance, whether DVT were proximal or distal,
and the proportion of patients with
characteristics that may reduce diagnostic
performance.

e A Wells score should be reported for all patients
and diagnostic performance reported stratified
by clinical probability.

There are plenty of data describing how non-
invasive tests perform in unselected, or
haphazardly selected, populations. These data
suggest that there is no ideal test that can be used
in all patients and all situations, so tests need to
be used selectively in different populations or in
combination. Data are needed that examine how
tests perform in different patient groups and how
different tests interact with each other.
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Chapter 5

Evaluation of diagnostic algorithms for deep vein
thrombosis: background and methods

Background

There is no perfect diagnostic test for DVT.
Venography is considered to be the reference
standard for diagnosis, yet it is invasive,
uncomfortable, technically difficult to perform and
interpret, requires a significant radiation dose, and
carries risks associated with the injection of
intravenous contrast material, or inducing DV'T.
Non-invasive tests are cheaper and more
convenient, but none has perfect specificity or
sensitivity, especially for distal DVT. Diagnosis is
therefore likely to involve selection from a number
of different tests. This can be done on an
individual patient basis, using the data provided in
previous chapters to determine which tests are
likely to be appropriate. However, this approach
has some disadvantages. Application of diagnostic
test data to each individual patient requires
considerable clinical (and statistical) skill. If tests
are selected in an inconsistent or inappropriate
manner this may result in unacceptable variation
in diagnostic performance and inefficient use of
resources.

Diagnostic algorithms applicable to patients with
suspected DVT may be used to address this
problem. Tests are selected and applied
sequentially according to the algorithm until a
decision to treat or discharge without treatment is
reached. The algorithm is applied to a population
of patients with suspected DVT and aims to
maximise the benefit of diagnostic testing (in
terms of accurate identification of patients with
and without DVT), while minimising the costs of
testing and subsequent treatment. A substantial
number of diagnostic algorithms for DVT has
been evaluated and published.

The diagnostic performance of algorithms can be
assessed in the same way as diagnostic tests by
measuring sensitivity (for proximal and distal
DVT) and specificity. Yet to be able to make
rational choices regarding which algorithm to use,
the costs and benefits of using the algorithm also
need to be weighed up. The costs of an algorithm
are not simply those of the tests used, but must
include the costs of subsequent treatment, and the
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costs of treating complications of treatment or lack
of treatment. The benefits of diagnostic testing
relate directly to the sensitivity and specificity of
testing: optimising sensitivity allows cases of DVT
to be treated, thus reducing the risk of
complications of DVT, while optimising specificity
allows treatment of patients without DVT to be
avoided, thus avoiding the risks of treatment in
those who will not benefit.

Evaluation of diagnostic algorithms thus
involves:

e estimation of sensitivity (for proximal and distal
DVT) and specificity

e ecstimation of the health outcomes of detecting
and treating patients with, and without, DVT

e estimation of the costs of testing, the costs of
treating positive cases, and the costs of
managing the consequences of treatment or
lack of treatment

e comparing the costs and benefits of providing
each algorithm to a ‘zero option’ alternative,
involving no testing and no treatment

e ecstimation of the net benefit of providing each
algorithm, compared with no testing and no
treatment, assuming a willingness to pay of
£20,000 or £30,000 per quality-adjusted life-
year (QALY) gained.

Most published studies of diagnostic algorithms
report cohorts of patients managed by the
algorithm and use a period of follow-up to identify
complications due to “missed” or untreated DVT.
These management studies can provide valuable
reassurance that in practice these algorithms are
unlikely to result in an unacceptable rate of
adverse outcomes. However, the sparse data
available on the natural course of untreated DVT
suggest that most do not lead to symptomatic
recurrence, pulmonary embolism or death.*0%4%3
In fact, if patients have no other underlying
pathology and remain mobile then the rate of
symptomatic progression may be very low.
Therefore, it is not known whether an apparently
safe algorithm is associated with few complications
because it is highly sensitive for detecting DV, or
because the missed DVT do not naturally tend to
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lead to complications. It is also not known whether
the algorithm has resulted in inadvertent
treatment of patients without DVT.

While acknowledging the importance of
management studies in guiding policy in this area,
the reviewers took a different approach to the
assessment of algorithms for DV'T diagnosis. The
aim was to estimate the overall sensitivity and
specificity of a variety of different algorithms by
using modelling to combine estimates of the
sensitivity and specificity of individual diagnostic
tests. The results of this analysis could then be
used to model the effectiveness and cost-
effectiveness of these algorithms.

Aims and objectives

The aim of this phase of the evaluation was to
model the use of diagnostic algorithms for patients
presenting with suspected DVT to determine their
effectiveness and cost-effectiveness. The specific
objectives were to estimate:

e the sensitivity and specificity of each
algorithm

e the health outcomes of using each algorithm

e the costs associated with each algorithm

e the cost-effectiveness of each algorithm
compared with no testing, expressed as net
benefit.

TABLE 20 Studies of algorithms for diagnosing DVT

Methods

Identification of potential algorithms
The potential range of combinations of diagnostic
tests that could be used in an algorithm is huge.
Rather than simply testing every possible
combination of tests in an algorithm, the authors
sought algorithms that were likely to be feasible in
routine practice. Algorithms were identified from
two sources: (1) a literature search for algorithms
that have been tested in clinical practice, and

(2) a national survey of emergency departments
in the UK.

Algorithms identified by literature search

An electronic search of the literature was done to
identify articles that reported cohorts of patients
with suspected DV'T, who underwent diagnostic
testing according to an algorithm combining two
or more tests, and were then followed up or
received a reference standard diagnosis. Eighteen
articles were identified that fulfilled these
criteria, 931:58.62,67.78,77,78,92,375,404-411 )16 article
compared two algorithms in a randomised trial,’
and the others were all cohort studies of a single
algorithm. Two articles”**!! reported data that
were published elsewhere. Hence, there were

17 cohorts available for analysis. The results of
follow-up are summarised in Table 20.

All of the studies used follow-up to determine
whether the strategy was safe. The rate of

Study Total Number Number Number Duration % % of
treated not of DVT/PE of follow-up treated untreated
treated during (months) suffering
follow-up DVT or PE

Wells(l) 2003° 566 85 48| 2 3 15 0.4
Wells(C) 2003° 530 77 453 6 3 15 |.4
Wells, 19997 150 40 10 2 3 27 1.8
Anderson, 19993 344 43 301 2 3 12 0.7
Wells, 1997°8 593 92 501 3 3 16 0.6
Kraaijenhagen, 2002%2 1739 410 1329 I5 3 24 .1
Bernardi, 199837 946 265 681 3 3 28 0.4
Walsh, 200278 194 39 155 0 6 20 0

Bates, 20034!° 556 51 505 5 3 9 1.0
Schutgens, 20034 812 309 503 8 3 38 1.6
Anderson, 200340 1075 193 882 4 3 18 0.5

Janes, 200140 431 93 338 | 3 22 0.3
Perrier, 199947 474 1 363 9 3 23 2.6

Tick, 200277 811 343 462 7 3 43 1.5
Ruiz-Giménez, 200273 569 150 419 3 3 26 0.7
Ginsberg, 199748 398 66 332 4 3 17 1.2
Kearon, 200149 445 63 382 | 3 14 0.3

C, control group; |, intervention group.
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thromboembolic events in untreated patients
varied from 0 to 2.6%, but was generally around
1%. However, it was not always clear whether all
patients had been followed up and in most cases
follow-up was limited to telephone contact.

No study compared the algorithm to a reference
standard, such as venography. This is not
surprising, given the logistic and ethical
difficulties presented by such a study, but it does
mean that it is not known whether the low rate of
thromboembolic events among untreated patients
is due to the sensitivity of the algorithm or due to
a low rate of recurrence in mobile, untreated
patients with DV'T. Nevertheless, it is reasonable to
assume that these algorithms would be acceptable
in the NHS.

There was some duplication among the
algorithms: three of the studies evaluated the
same algorithm in different groups of patients,
the studies by Bernardi®”® and Kraaijenhagen®?
evaluated essentially the same algorithm, and the
study by Ruiz-Giménez’® evaluated the same
algorithm as the control group in the Wells
randomised trial. Hence, there were 13 different
algorithms. However, three of the algorithms
could be interpreted in different ways, so two
versions of each were tested. Overall, therefore,
16 algorithms derived from the literature review
were tested.

Algorithms identified by the national survey

As outlined in Chapter 1, all NHS emergency
departments were surveyed regarding current
diagnostic approaches to DV'T. D-dimer assays and
ultrasound were routinely available to most
departments. Venography was available to most
departments by special request. Other tests (CT;
MRI and plethysmography) were only available in
a minority of departments.

A copy of the diagnostic algorithm used to
diagnose DVT was received from 45 departments.

TABLE 21 Use of DVT diagnostic tests in UK algorithms

Diagnostic test

Wells score

Other clinical risk score
D-dimer

Ultrasound

Repeat ultrasound
Plethysmography
Venography
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The diagnostic tests used in the algorithms are
outlined in Table 21. Most algorithms used a
combination of a clinical score (usually Wells),
D-dimer and ultrasound. Each algorithm was
reviewed to determine whether it was similar to
any of the published algorithms or whether it was
similar to other algorithms identified by the
survey. This process identified 11 additional
algorithms that were being used in the UK, but
were unlike any of the published algorithms.

Additional algorithms

In addition to algorithms identified by literature
search and national survey, five other strategies
were tested. Although not strictly algorithms,
because each only uses one test, they represent
either common approaches to diagnosis or
theoretical extremes:

® no testing or treatment for any patient

e venography for all patients

¢ above-knee ultrasound for all patients, repeated
1 week later if negative

e full-leg ultrasound for all patients

e above-knee ultrasound for all patients without
repeat.

Summary of algorithms tested

Ultimately 32 algorithms were tested: 16 from the
published literature, 11 from the national survey
and five additional algorithms. These are outlined
in Appendix 4. The characteristics of the
algorithms are summarised in Tables 22 and 23.
Table 22 shows the tests used in each algorithm.

The ‘minimum’ criteria for discharge without
treatment in each algorithm (i.e. the simplest test
or combination of tests used to discharge without
treatment) are outlined as follows (Table 23):

e Algorithm 21 discharges on the basis of a low
Wells score alone.

e Algorithms 13 and 25 discharge on the basis of
negative D-dimer alone.

Number (%) of algorithms incorporating test (n = 45)

32 (71)
5(11)
41 91)
42 (93)
22 (49)
8 (18)
19 (42)
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TABLE 22 Diagnostic tests used in each algorithm tested in the model

Algorithm number  Wells score  D-dimer  Plethysmography Above-knee Full-leg Venography
ultrasound ultrasound
0
| +
2 +
3 +
4 +
5 + + +
6 + +
7 + + +
8 + + +
9 + + +
10 + + +
Il + + + +
12 + + +
13 + + + +
14 + + +
15 + + +
16 + + +
17 + +
18 + +
19 + + +
20 + + + + +
21 + +
22 + + +
23 + + +
24 + + + +
25 + +
26 + + + +
27 + + + +
28 + + + +
29 + + + +
30 + + +
31 + + +

e Algorithms 9, 10, 11, 12, 15, 16, 20, 22, 23, 24,
27 and 28 discharge on the basis of a
combination of Wells score and D-dimer.

e Algorithm 31 discharges on the basis of a
combination of Wells score and
plethysmography.

e Algorithms 19, 26, 29 and 30 discharge on the
basis of negative plethysmography and D-dimer.

e Algorithms 2, 3,4, 5, 6, 7, 8, 14, 17 and 18
require all patients to have ultrasound.

Treatment for DVT required patients to have a
positive venogram or ultrasound result in all
algorithms except for algorithm 26, which
recommended treatment on the basis of a high
Wells score and positive plethysmography result
alone.

Model description

A decision-analytic model was developed to
compare algorithms for the diagnosis of DV1 in a
hypothetical cohort of 1000 patients presenting

with suspected DV'T. This number is likely to be
similar to that observed per annum in a large
hospital.*!? The model principally applies to
patients presenting as outpatients, without known
co-morbidity (such as malignancy). The potential
impact of applying the algorithms to other
populations was explored in the sensitivity analysis.

The model allows the following comparisons to be

made:

e number of patients with proximal DVT who are
correctly diagnosed

e number of patients with distal DVT that
propagates proximally and are treated

e number of patients without DVT or with non-

propagating distal DV'T who are not treated

total direct costs of testing

total costs of each algorithm

outcomes in terms of QALY

the net benefit of each algorithm compared with

no testing, assuming thresholds of willingness to

pay of £20,000 and £30,000 per QALY.
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TABLE 23 Criteria used for discharge

Wells and
D-dimer

Plethysmography
and D-dimer

Algorithm number

VWoONOOTULIAWN—O

+ 4+ + +

+ +

+ + +

The model was constructed as a decision tree,
which is outlined in Figure 18.

The key elements of the model are:

The sensitivity (proximal and distal) and
specificity of the algorithm are estimated from
the diagnostic parameters of the constituent
tests.

The sensitivity and specificity of the algorithm
are applied to the population to determine the
proportion of patients with and without DVT
who receive treatment.

Depending on whether they have DVT or not,
and whether they are treated or not, individuals
in the population will be exposed to a number
of events related to DVT, treatment, or both.
Following these events individuals will have
health outcomes determined by the events they
have suffered.

Costs are accrued by performing diagnostic
tests, treating DVT and treating events.
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Wells only

Wells and
plethysmography

Ultrasound
for all

D-dimer
alone

+4++++++

Estimation of sensitivity and specificity
for each algorithm

Each algorithm consists of up to five separate
diagnostic tests. The sensitivity and specificity of
each of these tests are based on meta-analyses
reported in previous chapters, and are reproduced
in Appendix 5 along with details of the probability
distributions applied to these parameters. In each
case independent beta distributions were applied.
Combining the diagnostic parameters of the
individual tests to estimate the overall diagnostic
performance of the algorithm involved making a
number of assumptions that are outlined below.

Independence of constituent diagnostic tests
The simplest way to estimate the sensitivity and
specificity of an algorithm is to assume that each
of the individual tests used in the algorithm is
independent of the other tests. Sensitivities and
specificities of individual tests can thus be
combined in a simple multiplicative manner to
estimate overall values. However, this assumption
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True negative ~

No treatment

Test

False negative No treatment ~ As true positive, no bleeding <]
Fatal bleeding <l
Non-fatal, intracranial bleeding <l
Non-fatal, non-intracranial bleeding
True positive ~ Anticoagulation treatment <l
PTS
Non-fatal PE
No PTS
No bleeding Fatal PE
0O
PTS
No PE
No PTS
Fatal bleeding <]
Non-fatal, intracranial bleeding
False positive ~ Anticoagulation treatment <l
Non-fatal, non-intracranial bleeding<l

No bleeding

A

FIGURE 18 Key features of decision tree

of independence may not hold. So one needs to
consider whether the tests considered for inclusion
in algorithms will be independent.

Five studies of D-dimer assays included in the
meta-analysisﬁl’70’71’92’110 evaluated sensitivity and
specificity by Wells categorisation. Specificity was
consistently lower in subgroups with higher
clinical risk of DVT. No such relationship was
observed for sensitivity. This finding is biologically
plausible. Pathologies that are associated with a
higher clinical risk of DV, particularly
malignancy, are also known to be associated with
elevated levels of D-dimer.

Only two studies, one of impedance
plethysmography75 and one of ultrasound,® were
identified that reported any diagnostic tests other
than D-dimer stratified by Wells score. These
suggested that both tests had higher sensitivity in
patients with a high risk of DVT. However, both of
these studies reported low overall sensitivities for
impedance plethysmography and ultrasound, so
findings may not be generalisable. No studies were
found reporting strain-gauge plethysmography by
Wells categorisation, and no studies examining
interactions between any other diagnostic tests.

In view of these findings, it was assumed that
D-dimer specificity was dependent on Wells
categorisation. It was also assumed that specificity
for intermediate-risk patients is the same as
overall specificity for each assay. Data from the six
studies reporting D-dimer by Wells categorisation
were then used to estimate the ratio of high-risk
or low-risk specificity to intermediate-risk
specificity (i.e. high 51/67 = 0.76; low 78/67 =
1.16). These ratios were applied to the estimate of
the overall specificity for each assay to estimate
specificity in high- and low-risk patients. For all
other diagnostic parameters the overall values
derived from the meta-analyses were used,
assuming that tests were independent of each
other.

Proximal and distal DVT

Proximal and distal DVT appear to carry different
risks of propagation for PE and thus different
risk-benefit ratios for treatment with
anticoagulation. Hence, proximal and distal DVT
were handled separately. Meta-analyses showed
that Wells stratification, D-dimer,
plethysmography and ultrasound all have higher
sensitivity for proximal than for distal DVT.
Therefore, meta-analysis of studies that reported
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proximal and distal DVT separately was used to
obtain estimates of sensitivity.

Plethysmography

Meta-analysis suggested that impedance and
strain-gauge plethysmography have slightly
different sensitivities and specificities. The survey
of current practice revealed that the use of
plethysmography was not widespread in the UK,
and those hospitals that did use plethysmography
used strain-gauge. Therefore, it was assumed that
plethysmography was always strain-gauge.

Ultrasound techniques

Ultrasound is sensitive for detecting proximal
DVT, but has relatively poor sensitivity for distal
DVT. Given that distal DVT are only likely to be of
pathological significance if they propagate to form
proximal DV, many sonographers do not
examine below the knee, but only look for
proximal DVT. This approach may be augmented
by a repeat scan 1 week later, to detect proximal
propagation, either in all patients or in those
selected by D-dimer or Wells categorisation.

Therefore, two alternative approaches to
ultrasound were considered in the analysis:
e above-knee ultrasound, in which only the
proximal veins are scanned

full-leg ultrasound, in which the whole leg is
scanned.

It was assumed that above-knee ultrasound could
be undertaken by anyone with training in
sonography and would have the same sensitivity
for proximal DVT as the overall estimate from the
meta-analysis, but would not detect distal DV'T.
Instead, distal DVT would be classified as negative
or (false) positive according to the specificity of
ultrasound. It was assumed that full-leg ultrasound
would have proximal sensitivity, distal sensitivity
and specificity derived from the meta-analysis. It
was also assumed that false-negative proximal or
distal DVT were reported as having a normal
ultrasound, while false-positive patients without
DVT were reported as having a proximal DVT (for
both above-knee and full-leg techniques).

Repeat ultrasound

Repeat ultrasound is intended to detect distal DVT
that have propagated proximally, and thus negate
the potential risk associated with missing distal
DVT. Implicit in this is the assumption that repeat
ultrasound has a much better specificity than
initial ultrasound, because all of the conditions
causing false positives will be ‘weeded out’ by the
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initial ultrasound. Presumably this also means that
cases of proximal DVT that were missed by the
initial ultrasound will also be missed by the repeat.
These are reasonable assumptions. False positives
and false negatives are unlikely to be random
events, but may be determined by anatomical or
physiological characteristics. Thus, patients for
whom a false-positive or false-negative result is
likely on initial scan will have the same
characteristics, making a false-positive or false-
negative result likely on the repeat scan.

The use of repeat scanning was modelled using
the following assumptions:

e Distal DVT that are going to propagate to the
proximal veins will do so within the first week.
Only patients with a negative initial scan will
undergo repeat scanning.

Patients with a false-negative initial scan for
proximal DVT will have a false-negative repeat
scan

Patients with a true-negative initial scan for no
DVT will have a true-negative repeat scan.
Repeat scanning will detect distal DVT that
have propagated proximally with the sensitivity
for proximal DVT derived from the meta-
analysis.

Patients with distal DVT that do not propagate
proximally will be effectively DV'T negative at
the time of repeat scanning.

Repeat scanning usually follows a negative initial
above-knee scan. However, it may also be used
following an initial full-leg scan or venogram
that has detected distal DVT to determine
whether proximal propagation has occurred.

Therefore, the results of repeat scanning were
estimated by modelling one specific event
occurring after initial presentation: the proximal
propagation or resolution of distal DVT over the
initial week. All other diagnostic tests were
modelled at presentation.

This approach to modelling repeat ultrasound
involves making a number of assumptions that
have few empirical data to support them. Some
empirical data do exist, as outlined in Chapter 3,
although they did not meet the required standard
for inclusion in the meta-analysis. Therefore, a
separate cost-effectiveness analysis specifically of
repeat ultrasound was undertaken, using data
from follow-up studies to determine whether
repeating an initially negative ultrasound scan is
likely to be cost-effective. The details are outlined
in the section ‘Cost-effectiveness of repeat
ultrasound scanning’ (p. 56).
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Venography

It was assumed that venography had perfect
(100%) sensitivity and specificity. However,
venography has a number of limitations due to its
being an invasive procedure. The following
assumptions were used to reflect these limitations:

e Venography would be unsuccessful in 10% of
patients and ultrasound would be performed
instead.

e Allergic reaction to intravenous contrast would
lead to fatal reactions in 1 in 55,000 patients
receiving venography.*!3-414

e Venography would cause proximal DVT in
1/303 and distal DVT in 2/303 patients.*!5416
It was assumed that half of these would be
detected and treated, and half would not be
treated. These would, respectively, carry the
same costs and outcomes as treated and
untreated DVT (see later descriptions).

Applying the algorithms to a typical
population

Each algorithm was applied to a hypothetical
population of 1000 people with suspected DVT.
The sensitivity and specificity of the algorithm
determined how many patients with, and without,
DVT would receive treatment. Treatment decisions
are usually stipulated as part of the algorithm.
The final decision for any pathway will usually be
to treat or discharge without treatment. However,
in some cases the treatment decision may not be
clear. Typically, this occurs when the diagnostic
test is able to determine the location of DVT
(proximal or distal), rather than simply a positive
or negative result. In these cases there may be
confusion as to the appropriate treatment
decision. It was assumed that this situation would
be handled in a consistent way in all algorithms.
Because of the assumptions made in the model,
the most appropriate decision upon identifying a
proximal DVT would be to treat, the most
appropriate decision upon identifying a distal
DVT would be to repeat an above-knee scan 1
week later, and the most appropriate decision for
no DVT would be to discharge without treatment.

Population prevalence of proximal and distal DVT
The performance of diagnostic algorithms will
depend on the population prevalence of proximal
and distal DVT. The idea was to estimate a
prevalence that reflected a typical population
presenting with suspected DVT. However, studies
that reported prevalence of proximal and distal
DVT separately, such as those identified in the
meta-analysis of ultrasound, required all patients
to undergo venography. Because the use of

venography in routine practice has declined
recently, this meant that such cohorts were either
highly selected or historical. Either way, overall
DVT prevalence would be expected to be lower in
a typical population presenting with suspected
DVT.

To obtain a more typical estimate the population
prevalence of proximal DVT reported in a recent
study of D-dimer in a typical NHS hospital was
used,72 which reported unselected patients
presenting with suspected DV'T. Because the
reference standard for this study was ultrasound
only proximal DVT were reported. To estimate
the prevalence of (undiagnosed) distal DVT in
this population, the median estimate of the
proximal to distal ratio reported in ultrasound
studies (78% proximal:22% distal) was used,
assuming that a similar ratio existed in the study
population.

Age and gender distribution of the population

It was assumed that the diagnostic performance of
the algorithm would be independent of the age
distribution of the population, but that quality-
adjusted life expectancy would depend on age.
Therefore, it was assumed that the population had
a mean age of 60 years, derived from data from
the VERITY registry of patients presenting for
diagnostic testing for suspected DVT in the UK.*!?
The VERITY registry also reported that among
patients with diagnosed DVT there were equal
numbers of men and women. Therefore, it was
assumed that there was an equal gender balance in
the study population.

Estimation of the probability of events
after diagnosis and treatment

It was assumed that patients would have proximal
DVT, distal DVT or no DVT, and would receive
either treatment or no treatment. Treatment
would consist of initial anticoagulation with
subcutaneous heparin followed by at least 3
months of oral anticoagulation with warfarin.
These factors would determine the probability of
the following events:

e among patients with DVT: fatal PE, non-fatal
PE and development of PTS. Proximal and
distal DVT were modelled separately and the
risks of events were assumed to be reduced by
treatment

e among treated patients: fatal haemorrhage,
non-fatal intracranial haemorrhage and other
non-fatal major haemorrhage (defined as any
haemorrhage requiring hospitalisation or blood
transfusion).



Health Technology Assessment 2006; Vol. 10: No. 15

Patients with DV'T may also suffer recurrent DV'T.
This outcome was not included in the model
because: (1) recurrent DVT offers a new
opportunity for diagnosis and treatment and is
therefore effectively a new episode and (2) the
important consequences of recurrent DVT (PE and
PTS) are measured and included in the model
regardless of whether they occur as a result of
initial or recurrent DVT.

In some cases there may be a short delay between
patient presentation and full availability of
diagnostic testing, for example, if the patient
presents outside normal working hours. In this
analysis no attempt was made to address the
question of whether patients should receive
treatment during this delay. This would involve
weighing two very small risks: the risk of bleeding
after a single dose of anticoagulant versus the risk
of DVT propagation over a time period of
typically less than 24 hours, multiplied by the
probability of DVT. These risks are very uncertain
and highly dependent on individual circumstances
(patient risk of DVT or bleeding, time delay
before diagnosis), and are thus best addressed on
a case-by-case basis.

Probability of events due to distal DVT

A number of studies compared treatment of distal
DVT to no treatment. These are outlined in
Tuble 24. In addition, Schwartz and colleagues*?
found that, without treatment, 8/32 (25%) patients
with muscle vein thrombosis propagated to more
proximal calf veins, compared with 0/52 of a
historical treated cohort. No patient developed
PE. Meanwhile, in an RCT of two different
treatment regimens for calf DV, Pinede and
colleagues** reported that 1/197 (0.5%) treated
patients developed PE.

2

From these data it appears that distal DVT carry a
significant risk of propagating proximally if
untreated, but a low risk of directly causing PE. If
treated, the risk of proximal propagation or PE is
very small. The most reliable data to determine
the risk of proximal propagation without
treatment are from the randomised trial by
Largerstedt.417 Observational studies carry the risk
of bias owing to patients being selected to receive
treatment on the basis of factors such as size and
location of DVT.

It was therefore assumed that:

e Without treatment, 21% of patients with a distal
DVT will develop proximal DVT. This is based
on the data from Largerstedt,*!” in which 28
patients with distal DVT were randomised to no
treatment: five developed symptomatic proximal
extension and one suffered symptomatic PE.

e Patients who develop proximal DVT (21%) have
the same risks of fatal and non-fatal PE as those
with initial proximal DVT. Patients who do not
develop proximal DVT (79%) have no risk of
fatal or non-fatal PE.

¢ Treatment effectively abolishes any risk of DVT
extension.

There are very few data regarding the risk of PTS
after treated and untreated DV'T. It was assumed that
the 21% of untreated patients who develop proximal
DVT have the same risk of post-thrombotic
syndrome as any other patient with untreated
proximal DVT;, and that the risk of post-thrombotic
syndrome with treated distal DVT is zero.

Probability of events due to proximal DVT
Anticoagulation has been standard treatment for
proximal DVT for over 40 years, so there are

TABLE 24 Studies comparing treatment of distal DVT with no treatment

Study Design Propagation to form Propagation to form PE
proximal DVT

Treated Untreated Treated Untreated
Largerstedt, 1985*7 RCT 0/23 (0%) 5/28 (18%) 0/23 (0%)  1/28 (3.6%)
Nielsen, 1994403 RCT NR NR 0/7 (0%) 0/9 (0%)
Hull, 1979402 RCT NR NR 0/16 (0%)  0/16 (0%)
Masuda, 1998*'8 Observational 0/28 (0%) 2/26 (8%) 0/28 (0%)  0/26 (0%)
Meissner, 199747 Observational NR NR 1/21 (5%)  0/8 (0%)
Labropoulis, 200242 Observational 2/19 (119%) 5729 (17%) 0/19 (0%) 129 (3%)
Lohr, 19954 Observational 0/23 (0%)  21/169 (12%) NR NR

NR, not reported; RCT, randomised controlled trial.
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substantial data relating to treated proximal DV
but very few relating to untreated proximal DV'T.
The data relating to treated proximal DVT were
summarised in a recent meta-analysis by Douketis
and colleagues.*** The summary estimate of the
probability of fatal PE was 0.4% (17/4221) and of
non-fatal thromboembolism was 3.8% (156/4104).
Of those with non-fatal thromboembolism, 21.4%
had PE and 78.6% had recurrent DVT, so the rate
of non-fatal PE was 0.8%. Meanwhile, Prandoni
and colleagues'?® estimated the incidence of PTS
in patients with treated proximal DVT: 5.3% of 528
presented severe post-thrombotic manifestations.
These estimates were used in the present model.

The evidence for treating DVT is largely based on
an RCT by Barritt and Jordan,*?® published in
1960, that compared anticoagulation to no
treatment for symptomatic PE. Both groups were
prescribed 2 weeks of bed rest. In the untreated
group five of the 19 (26%) patients died from
recurrent PE, while another five suffered a non-
fatal recurrence. Since this trial only two small
trials of anticoagulation have been performed.
Hull and colleagues*’? compared ‘inadequate’ low-
dose treatment to full anticoagulation for DV'T.
Among the 19 patients with proximal DVT
receiving ‘inadequate’ treatment one suffered a
non-fatal PE and was anticoagulated, and there
were no deaths. Nielsen and colleagues*®
compared non-anticoagulant treatment with
phenylbutazone (an anti-inflammatory drug) to
anticoagulation for DVT. Patients were mobilised
soon after diagnosis. Over the following 3 months
one of the 35 untreated patients with proximal
DVT suffered non-fatal PE and was
anticoagulated, and there were no deaths.

These data suggest that the risk of PE in untreated
proximal DVT is relatively low (3—4%) and that
approximately one-quarter of patients with
untreated PE will die (giving an overall mortality
of 1% for untreated DVT). However, data from the
1940s, reporting cohorts of patients with DVT who
were managed before anticoagulation became
widespread, suggest a much higher mortality of
approximately 16%. Several factors need to be
taken into account when attempting to reconcile
these conflicting estimates:

e Historical comparisons are known to exaggerate
treatment effects.

e Diagnosis of DVT in the 1940s was based on
clinical criteria, so cohorts are likely to include
many high-risk cases.

e Standard treatment in the 1940s (and in the
Barritt and Jordan study426) was bed rest, which

probably worsens prognosis. By contrast,
Nielsen’s study’® prescribed early mobilisation.

¢ The recent randomised trials reported only
small numbers, so confidence intervals for
estimates are wide.

¢ The control groups in the randomised trials
both received some form of treatment. Hull**?
used low-dose heparin and Nielsen*"* used
phenylbutazone, an anti-inflammatory that has
antiplatelet activity.

Hence, it is likely that the true risks of fatal and
non-fatal PE in patients with untreated proximal
DVT lie somewhere between these two extremes.
Furthermore, it might be argued that the present
model is interested in the risks of ‘missed’” DVT,
rather than untreated DVT. The two are not
necessarily the same. Non-invasive tests might be
more likely to misdiagnose small, non-occlusive
DVT in otherwise healthy people that may carry a
better prognosis.

Therefore, an alternative method was used to
estimate the risks of untreated (missed) proximal
DVT. Management studies were identified that
reported the use of non-invasive strategies in
cohorts of patients with suspected DVT and then
provided follow-up for at least 3 months to
identify subsequent cases of thromboembolism.
These included the management studies of
diagnostic algorithms outlined earlier and
management studies of ultrasound.

For each study estimates of sensitivity for each
diagnostic test, derived from the meta-analyses,
were used to estimate the number of DVT that the
diagnostic strategy would have failed to detect.
The same assumptions regarding distal DV'T as
used in the model were used to estimate the
number that would extend to form proximal DVT
and the number that would be identified by repeat
ultrasound scanning. Then, the expected total
number of “missed” proximal DVT in all studies
and the total number of fatal and non-fatal PE
identified during 3-month follow-up were
calculated. From this, the proportion of patients
predicted to have had missed DVT who developed
fatal or non-fatal PE was derived. The results are
outlined in Table 25.

From these data it was estimated that the probability
of fatal PE would be 1.9% (5/268) and the
probability of non-fatal PE would be 9.3% (25/268)
among patients with untreated proximal DVT.

Unfortunately, none of the data sources identified
allowed the probability of PTS in untreated
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TABLE 25 Predicted numbers of ‘missed’ DVT patients who develop fatal or non-fatal PE

Diagnostic Study Number of
strategy DVT diagnosed
at initial
assessment
Serial ultrasound ~ Cogo, 1998'¢ 400
Heijboer, 1993%° 93
Sluzewski, 1991'7 39
Sluzewski, 1991'7 28
Birdwell, 1998'8 63
Wolf, 2000*%7 17
Single full-leg Schellong, 2003428 121
ultrasound Elias, 2003%?° 112
Stevens, 200443° 42
Shields, 2002°' 17
Diagnostic Bernardi, 1998375 260
algorithm Kraaijenhagen, 200252 391
Wells, 2003° 82
Wells, 2003° 76
Wells, 1999¢7 38
Anderson, 19993 40
Wells, 1997°8 89
Walsh, 200278 39
Bates, 2003*!° 50
Schutgens, 20034 294
Anderson, 200340 189
Janes, 2001406 93
Perrier, 1999407 11
Tick, 200277 330

proximal DVT to be estimated. Therefore, an
expert panel consisting of ten consultants working
in emergency medicine, general internal medicine
and haematology was asked to estimate this
probability. Their estimates ranged from 5 to 50%,
with a mean of 33%.

Probability of events due to anticoagulant
treatment

A recent meta-analysis by Linkins and colleagues®
estimated the risks of bleeding among patients
taking anticoagulant therapy for venous
thromboembolism. Among 10,757 patients who
received anticoagulant therapy there were 37 fatal
bleeding episodes (0.34%), 13 non-fatal
intracranial haemorrhages (0.12%) and 226 other
non-fatal major bleeding episodes (2.1%). These
estimates were used in the model.

Valuation of health outcomes

After diagnosis and treatment, according to the
algorithm, the 1000 individuals in the population
would suffer events over the following 3 months,
as outlined above. Having suffered, or avoided,
these events, the anticipated number of QALY
that each individual would accrue was then
estimated. Individuals who died were assigned
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Predicted Actual number Actual number
number of of fatal of non-fatal
untreated PE during PE during
proximal DVT follow-up follow-up
34.0 | |
3.7 0 |
45 0 |
3.2 0 0
3.0 0 |
1.6 0 |
15.2 | 0
16.3 0 0
4.4 0 0
2.0 0 0
249 | |
28.0 2 4
7.5 0 0
7.7 0 6
2.0 0 |
2.2 0 0
4.1 0 0
2.7 0 0
5.8 0 0
25.1 0 4
12.5 0 0
1.9 0 |
1.3 0 2
249 0 |

zero QALYs. Those who avoided all adverse events
were assumed to have a normal expected quality-
adjusted, discounted life expectancy for an
individual aged 60 years of 11.58 QALYs, based
on interim life tables*®! and estimates of age-
specific quality of life.**?

QALYs for those who suffered non-fatal events
were estimated by adjusting normal expected
quality-adjusted, discounted life expectancy.
Decrements in quality of life for PTS and for non-
fatal intracranial haemorrhage are those reported
by O’Meara and colleagues** and are based on
valuation exercises conducted using the standard
gamble technique with a small sample (n = 36) of
individuals both with and without DVT. Other
non-fatal (non-intracranial) haemorrhage was
assumed to be equal to hospitalisation for 2 weeks.
During this time patients were assumed to accrue
no QALYs, but afterwards were assumed to have a
normal quality-adjusted life expectancy. No studies
were identified that estimated the impact of non-
fatal pulmonary embolism on quality of life. Values
estimated by the expert panel were therefore used.
It was assumed that if a patient had more than
one non-fatal event then decrements in quality of
life would be multiplicative.
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The only other factors affecting health outcome
were adverse events associated with the use of
venography: the 1:55,000 risk of a fatal reaction to
intravenous contrast and the 1% risk of inducing
DVT (half of which are detected and treated).
These were modelled by applying a mean QALY
loss to each individual receiving venography
according to the model.

No QALY loss related to DVT itself was assumed,
because the health impact of DVT is mainly due to
its complications (PE and PTS) rather than DVT
itself, and because patients with suspected DVT
who ultimately do not have DVT will presumably
have other pathologies (such as muscular injury or
cellulitis) that will have a similar impact on quality
of life to DVT. Hence, if one assumes a QALY loss
for DVT, one should assume a QALY loss for all
patients in the cohort, thus negating any impact.

Valuation of health service costs
Costs to the health service arose from two sources:
(1) diagnostic tests required by the algorithm, and
(2) treatment of DVT and adverse events.

Costs of the tests

The cost of clinical risk assessment was estimated as
5 minutes of a hospital consultant.*** SimpliRED
whole-blood agglutination D-dimer test costs were
obtained from the manufacturer (Axis Shield:
personal communication, 2004) plus an additional
5 minutes of consultant time to administer and
interpret the test result. Laboratory-based D-dimer
was also assumed to require 5 minutes of consultant
time and the unit cost of the test was obtained from
a large NHS trust (Newcastle upon Tyne NHS
Trust; personal communication, 2004). NHS
reference costs were used to estimate ultrasound
and venogram values.**® Full-leg ultrasound was
distinguished from the simpler above-knee
ultrasound. Normal probability distributions were
applied to these parameters. The cost of
plethysmography is based on the costs of the
equipment (£14,500 per machine), maintenance
costs (£1450 per annum) and consumables (Amtec
Medical: personal communication, 2004).
Assumptions of a working life of 5000 tests for the
equipment and 15 minutes of a grade 1 technician
per test were made, as reported by McNally and
colleagues.**® This is for the Belfast DVT screener
(a strain-gauge plethysmograph). Training costs
were not included in the estimates of any of the
diagnostic test unit costs.

Treatment costs
Where possible, NHS reference costs were used.
These were available directly for fatal and non-

fatal PE. PTS was valued as one new vascular
surgery outpatient visit plus two follow-up visits
per annum**® and a further two GP consultations
per annum.*** The lifetime cost was therefore
estimated at £3866.

It was assumed that treatment for proximal DVT
was provided as an outpatient and consisted of a
mean 8.6 days of low molecular weight heparin
(enoxaparine, dose estimated for a 70-kg patient),
followed by 90 days of warfarin. Treatment beyond
90 days was assumed to be determined on a case-
by-case basis and not influenced by the initial
diagnostic strategy. It was assumed that heparin
treatment required two additional nursing visits
and two GP home visits, based on data from
Boccalon and colleagues,**” and warfarin
treatment would require four anticoagulant clinic
visits (NHS reference cost). Drug costs were drawn
from the British National Formulary (BNE,
2004)**® and unit costs of GP and nursing from
Netten and Curtis.***

Haemorrhagic adverse events associated with
anticoagulant treatment were costed from various
sources. Non-fatal, non-intracranial bleeding

was based on NHS reference cost data for
gastrointestinal bleeding, while fatal bleeding
and non-fatal intracranial bleeding, in both

the first and subsequent years, were based

on data reported by Sandercock and
colleagues.*®

Model analysis

The model was analysed to estimate the expected
mean costs and mean QALY that would be
accrued by each algorithm, compared with no
testing (algorithm zero), for every 1000 patients
with suspected DVT. To estimate cost-effectiveness
two net benefit analyses were undertaken, using
thresholds for willingness to pay of £20,000 and
£30,000 per QALY. These analyses involve
assuming a willingness to pay of up to £20,000
and £30,000 per QALY gained, respectively, and
calculating the net benefit that would be expected
to accrue. These values were chosen because they
represent reasonable levels for the willingness to
pay threshold in the NHS, based on judgements
by the National Institute for Health and Clinical
Excellence.**” Using these assumptions the
algorithm with the highest estimated mean value
for net benefit would thus be the most cost-
effective algorithm.

The model was analysed probabilistically.
Probability distributions were assigned to
parameters used in the model, Monte Carlo
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simulation was used to sample randomly from
those distributions and the model was recalculated
for each simulation. This approach permits the
uncertainty in model inputs to be reflected in the
key model outputs, namely costs, effects and the
cost-effectiveness ratio. Distributions for the
parameters are outlined in Appendix 5.

Uncertainty in these estimates is reflected using
cost-effectiveness acceptability curves (CEACs).
The net benefits of each strategy compared with
no testing were calculated for each of the Monte
Carlo simulations by the following equation:

Expected net benefit T; = NQ(T;) — C(T7)

where \ represents the maximum acceptable
incremental cost-effectiveness ratio (MAICER) or
‘willingness to pay’ threshold, Q(T;) is the
expected health benefit of treatment strategy 77,
and C(T;) 1s the expected cost of treatment
strategy T;.**1**2 The CEAC plots the proportion
of simulations for each strategy that generates the
maximum net benefit across a A range of
£0-100,000. The CEAC frontier plots the extent
of uncertainty surrounding decisions based on
mean net benefits across a similar range of A
values.**?

The time horizon was the lifetime of the patient.
The analysis assumes a health and social services
perspective and a discount rate of 3.5% was
applied to all future costs and benefits. Costs are
expressed in 2003/04 UK sterling values.

Sensitivity analysis

In addition to the probabilistic sensitivity analysis
outlined above, a number of other parameters
and assumptions was explored using one-way
deterministic sensitivity analysis. Analyses were
planned of the effect of varying the population
prevalence of DVT and the specificity of D-dimer,
because these parameters were most likely to vary
between populations, and may be useful in
identifying an algorithm that is more suitable for
a particular patient group. For example, D-dimer
appears to have lower specificity in patient
groups with co-morbidity, such as inpatients and
those with malignancy. It was also planned to
repeat the probabilistic sensitivity analysis, only
including algorithms that used widely available
tests. Finally, unplanned sensitivity analyses were
undertaken to determine whether the cost-
effectiveness of apparently optimal algorithms was
sensitive to variation in key parameters, and
whether minor modifications might alter cost-
effectiveness.
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Population prevalence of proximal DVT

The prevalence of proximal DVT in the model
population reflects a typical population of patients
presenting to hospital with clinically suspected
DVT. However, this value may depend on local
factors, such as the presence of referral filters

(e.g. GPs or patients) that may select patients for
investigation, or may be different in specific
groups of patients, such as those with malignancy.
Therefore, estimation of the mean net benefit of
each algorithm was repeated for values of the
prevalence of proximal DVT varying from 0 to 30%.

Specificity of D-dimer

Although there was substantial heterogeneity in
the estimates of diagnostic parameters for all tests
used in the algorithms, no subgroups in whom test
performance was predictably different could be
reliably identified. One exception to this was the
specificity of D-dimer. This test is known to
produce false-positive results in certain groups of
patients, such as those with malignancy. Meta-
analysis showed that specificity of D-dimer is lower
among patients with malignancy (46%) than
among the general population. This example was
used to explore the possibility that the cost-
effectiveness of algorithms in subgroups of
patients in whom D-dimer has lower specificity
will differ from the cost-effectiveness in the
general population with suspected DVT.
Estimation of the mean net benefit of each
algorithm was repeated with estimates of D-dimer
specificity reduced to 84% of their baseline value.
This reflects the estimate of specificity derived
from meta-analysis of patients with malignancy.

Algorithms only using widely available tests

The national survey showed that D-dimer and
ultrasound are widely available throughout the
NHS, whereas the availability of plethysmography
and venography is much more limited. The wells
score is a simple clinical score that requires no
special equipment and is therefore widely
available. Full-leg ultrasound requires a degree of
skills and experience that may not be routinely
available throughout the NHS. Therefore, it was
assumed that algorithms using venography,
plethysmography and full-leg ultrasound may not
currently be feasible throughout the NHS and may
require substantial organisational change to
implement, whereas algorithms only using Wells
score, D-dimer and above-knee algorithms could
be implemented throughout the NHS with
minimal reorganisation. The probabilistic
sensitivity analysis was repeated, limiting inclusion
of algorithms to those based only on Wells score,
D-dimer and above-knee ultrasound.
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Cost-effectiveness of repeat ultrasound
scanning

As outlined earlier, a separate analysis of repeat
ultrasound scanning, using data from follow-up
studies, was undertaken to determine whether
repeating an initially negative scan is likely to be
cost-effective in unselected patients and in patients
with a positive D-dimer.

Data from observational studies of repeat scanning
suggest that a repeat scan in an unselected
population will be positive in 1.34% of cases

(Chapter 3): 89% will be true positive and 11%
false positive. If only patients with a positive D-
dimer undergo repeat scanning, 3.63% will be
positive. These data were used to estimate the
additional costs incurred and QALYs accrued by
performing a repeat scan on 10,000 unselected
patients with a negative initial scan, and on 10,000
patients with a positive D-dimer and negative
initial scan. These data were used to estimate the
incremental cost per QALY gained in each of
these scenarios.



Health Technology Assessment 2006; Vol. 10: No. |5

Chapter 6

Evaluation of diagnostic algorithms for deep vein
thrombosis: results

Accuracy of the algorithms

The accuracy of the algorithms for detecting and
treating proximal and distal DV'T; and for correctly
identifying patients without DV'T; was evaluated by
estimating the mean value for each parameter in
each algorithm. Figures 19-22, respectively, show
the proportion of patients with proximal DVT who
are treated, the proportion of patients with distal
DVT that propagates proximally who are treated,
the proportion of patients with distal DVT that
does not propagate proximally who are treated
and the proportion of patients without DVT who
are treated. The data comprising Figures 19-22 are
in Appendix 2 (Table 38).

The more sensitive strategies all use venography to
some degree and typically have sensitivities greater
than 95%. Three algorithms (excluding algorithm
zero) have sensitivities below 90%. These were
algorithms where patients were immediately
discharged following a low Wells test, or were
discharged following a negative D-dimer test.

There is much greater variation in the proportion
of propagating distal DV'T that receives treatment.
In general, the more repeat ultrasound scanning
or venography is used, the more distal DVT are
treated.

Most strategies treat approximately 6% of distal
DVT that do not propagate proximally. This
reflects the assumption that distal DVT would only
be treated if demonstrated to be propagating
proximally on repeat ultrasound: 6% is the false-
positive rate of repeat ultrasound. Two algorithms
(excluding algorithm 0) have markedly different
values: algorithm 1, which uses venography on all
patients, and thus fewer ultrasounds; and
algorithm 26, the only algorithm that treats on the
basis of a test result other than positive
venography or ultrasound (positive D-dimer and
strain-gauge plethysmography).

All algorithms have 6% or lower of patients without
DVT treated, the exact figure being dependent on
the proportion of patients in each algorithm who
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FIGURE 19 Proportion of patients with proximal DVT who are treated
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FIGURE 20 Proportion of patients with distal DVT that propagates proximally who are treated
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FIGURE 21 Proportion of patients with distal DVT that does not propagate proximally who are treated

receive ultrasound. Algorithms that make extensive ~ between the algorithms. The logistic implications
use of venography have lower false-positive rates. of each algorithm need to be appreciated. Wells
score can be simply implemented by any clinician,
and the survey suggested that most hospitals have

Use of tests within each algorithm routine access to D-dimer testing and ultrasound.

Availability of venography is more limited and only

Table 26 summarises the number of tests required a few hospitals have access to plethysmography.
per 1000 patients with suspected DVT under each Access to testing may have the following
algorithm. This shows the substantial variation implications for the feasibility of algorithms:
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FIGURE 22 Proportion of people without DVT who are treated

TABLE 26 Number of tests performed per 1000 patients with suspected DVT

Algorithm Number of Number of Number of Number of  Number of = Number of
number Wells tests above-knee full-leg D-dimer venograms plethysmographies
performed ultrasounds  ultrasounds tests performed performed
performed performed performed
0 0 0 0 0 0 0
| 0 162 0 0 1000 0
2 0 1826 0 0 0 0
3 0 57 1000 0 0 0
4 0 1000 0 0 0 0
5 1000 1346 0 0 162 0
6 0 1286 0 1000 0 0
7 1000 1086 0 0 439 0
8 1000 106 1000 0 399 0
9 462 1038 0 1000 0 0
10 462 991 0 1000 0 0
I 1000 902 0 860 65 0
12 1000 50 707 1000 0 0
13 478 657 0 1000 90 0
14 1000 1271 0 439 0 0
I5 1000 881 0 860 0 0
16 1000 556 0 900 0 0
17 1000 1439 0 0 0 0
18 1000 1128 0 0 0 0
19 0 110 0 1000 550 1000
20 1000 759 0 1000 173 707
21 1000 579 0 0 0 0
22 1000 128 0 421 707 0
23 1000 97 0 772 491 0
24 1000 818 0 421 551 0
25 0 696 0 1000 0 0
26 1000 40 479 772 0 1000
27 1000 38 398 1000 0 425
28 1000 28 254 421 0 707
29 1000 54 768 421 0 421
30 0 46 550 1000 0 1000
31 1000 40 422 0 0 772
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Algorithms 1, 7, 8, 19, 22, 23 and 24 make
substantial use of venography (over one-third of
patients), and thus require venography to be
routinely available. This is not the case at most
NHS hospitals.

Algorithms 5, 11, 13 and 20 require venography
for a few patients, so they will be feasible if
venography is available on special request.
Algorithms 19, 20, 26, 27, 28, 29, 30 and 31
require plethysmography. Currently these will

Costs and QALYs accrued by each
algorithm

Table 27 shows the mean costs and QALYs
associated with each algorithm per 1000 patients
with suspected DVT. The costs have been broken
down into those associated with the diagnostic
tests and those associated with complications of
DVT or treatment. The no-testing, no-treatment
strategy (algorithm 0) by definition has no costs

only be feasible in a minority of NHS hospitals.

e Algorithms 3, 8, 12, 26, 27, 28, 29, 30 and 31
require full-leg ultrasonography, so these will
only be feasible if sonographers with
appropriate skills are routinely available.

e Algorithms 2, 4, 6, 9, 10, 14, 15, 16, 17, 18, 21
and 25 use combinations of Wells score, D-
dimer and above-knee ultrasound, so will be
widely feasible throughout the NHS.

associated with testing. It also has lower total costs
and accrues fewer QALYs than the other
strategies. Excluding algorithm 0, the mean costs
of diagnostic testing per 1000 patients with
suspected DVT range from £42,026 to £202,847,
while the mean costs of treatment range from
£155,037 to £197,075. The total costs of testing
and treating range from £212,002 to £399,733.

In general, the algorithms based on Wells score,

TABLE 27 Costs and QALYs accrued per 1000 patients with suspected DVT for each algorithm

Algorithm number  Costs associated with Costs associated with Total costs (£) Number of QALYs
diagnostic testing (£) DVT treatment or accrued
complications (£)
0 - 144,040 144,040 11,523
I 200,177 158,688 358,864 11,560
2 107,402 197,075 304,477 11,558
3 113,678 196,909 310,587 11,557
4 59,364 196,536 255,900 11,556
5 113,453 179,394 292,847 11,559
6 86,253 196,881 283,134 11,557
7 154,018 196,819 350,837 11,559
8 202,847 196,886 399,733 11,559
9 73,207 174,521 247,728 11,558
10 70,938 174,483 245,420 11,558
I 78,782 181,190 259,972 11,558
12 97,538 180,936 278,473 11,557
13 66,898 177,069 243,967 11,558
14 87,437 196,916 284,353 11,557
I5 67,797 180,870 248,667 11,557
16 47,527 168,556 216,082 11,556
17 92,058 196,978 289,036 11,557
18 72,268 196,719 268,987 11,556
19 136,314 157,295 293,609 11,560
20 105,078 162,551 267,630 11,560
21 42,026 175,697 217,723 11,554
22 149,945 155,812 305,757 11,560
23 106,934 155,037 261,971 11,559
24 156,866 181,639 338,505 11,559
25 49,498 165,130 214,628 11,553
26 86,959 193,461 280,420 11,558
27 71,672 165,967 237,638 11,557
28 53,646 158,356 212,002 11,555
29 105,101 184,095 289,196 11,558
30 91,068 172,425 263,493 11,558
31 67,912 166,154 234,066 11,557
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D-dimer and above-knee ultrasound were cheapest,
while those using venography were more expensive.

The mean QALYs per 1000 patients with
suspected DVT ranged from 11,523 if no
treatment is offered to 11,560 where venography
is used on all patients. Compared with doing
nothing (algorithm 0), the additional number of
QALYs accrued varied from 30 to 37 per 1000
patients. In general, the more expensive
algorithms accrued more QALYs. There were
some exceptions, however, and on the basis of the
mean estimates the following algorithms were
dominated (i.e. another algorithm accrued more
QALYs at lower cost):

e Algorithms 0, 21 and 25 were dominated by
algorithm 28.

e Algorithms 4 and 18 were dominated by
algorithm 31.

e Algorithms 3, 6, 12, 14, 15 and 17 were
dominated by algorithm 13.

e Algorithms 2, 26, 29 and 30 were dominated by
algorithm 23.

e Algorithms 5, 7, 8 and 24 were dominated by
algorithm 20.

The net benefit of each algorithm

Figure 23 shows the expected net benefit of each
strategy, compared with no testing (algorithm 0),
assuming a maximum willingness to pay of either

£20,000 per QALY or £30,000 per QALY. The
data for this figure are given in Appendix 2,
(Table 39), Unsurprisingly, all of the algorithms
evaluated are better options than offering no
treatment. Regardless of whether a £20,000 or
£30,000 threshold was used for cost per QALY,
algorithm 20 had the greatest net benefit. This
algorithm used Wells score and D-dimer as an
initial screening test and then used ultrasound and
strain-gauge plethysmography to evaluate whether
a patient required treatment or not, using a
venogram if these tests were discordant. As noted
earlier, the availability of venography and
plethysmography appears to be limited, so this
algorithm is currently not feasible in many
hospitals unless services are developed. Two
further algorithms (9 and 10) also had a
consistently high net benefit regardless of the
threshold used. Both of these algorithms used D-
dimer and Wells score as an initial screening tool,
before progressing to ultrasound with repeat.

The individual tests incorporated in each
algorithm do not seem to determine cost-
effectiveness. Algorithms incorporating Wells score
or D-dimer tend to have a high net benefit, but
there are exceptions: algorithms 19 and 30 do not
use Wells score but have a high net benefit, and
algorithm 31 does not use D-dimer but has a high
net benefit. Use of plethysmography, ultrasound
(above-knee or full-leg) and venography does not
seem to be associated with higher or lower net
benefit values. Hence, it appears to be the way in
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FIGURE 23 Net benefit of each algorithm per 1000 patients with suspected DVT compared with no testing
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which the tests are used, rather than the tests
themselves, that determines cost-effectiveness.

In this respect, the most striking trend is that
algorithms that discharge patients with a low Wells
score and a negative D-dimer have a relatively
high net benefit, while those that require all
patients to have an ultrasound or venogram have
a relatively low net benefit. This is probably
because ultrasound is a relatively expensive way of
ruling out DVT in low-risk patients, compared
with D-dimer.

Comparison of algorithms 1-4 shows how the
model estimates the relative cost-effectiveness of
ultrasound or venographic strategies for
unselected patients. If one is willing to pay
£20,000 per QALY gained, then a single above-
knee ultrasound (algorithm 4) has higher net
benefit than above-knee ultrasound with repeat
(algorithm 2), which in turn has higher net benefit
than venography (algorithm 1). This order is
reversed if one is willing to pay £30,000 per
QALY. This may explain other variations in net
benefit when the threshold is changed: a higher
threshold favours venography-based strategies.
Full-leg ultrasound (algorithm 3) has lower net
benefit than other options, regardless of the
willingness to pay threshold.

Probabilistic sensitivity analysis

The results presented thus far have ignored the
uncertainty that exists in the parameter values.
Probabilistic sensitivity analysis was undertaken,
sampling all parameters 1000 times from the
distributions contained in Appendix 5. This
allowed the effect of uncertainty in parameter
values upon estimates of cost-effectiveness to be
observed, and the results are presented in

Figure 24. This figure shows the probability of each
algorithm being the most cost-effective at each
£10,000 increment in the threshold for willingness
to pay per QALY gained. For reasons of clarity
only those strategies that have a 5% or greater
probability of being optimal have been included.

Algorithm 0 (no treatment) is most likely to be the
most cost-effective option at a threshold of £0 per
QALY. If one is not willing to pay for any health
gain, then no testing is very likely to be the most
cost-effective strategy. At a threshold of £10,000
per QALY algorithm 16 is most likely to be the
most cost-effective strategy, with a 55% probability
of being optimal. Algorithm 20 is the optimal
strategy at thresholds of £20,000 and above.

Some algorithms with high estimates of mean net
benefit, such as algorithms 19, 22 and 23, appear
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FIGURE 24 Probability that each strategy is optimal at different cost per QALY thresholds
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unlikely to be optimal in the probabilistic analysis.
This is because the advantage of these algorithms,
in terms of gaining QALYs through accurate
diagnosis, are less certain than their
disadvantages, in terms of higher testing costs.

These results suggest that at low thresholds
(around £10,000 per QALY) a strategy of selecting
patients for ultrasound with repeat scanning,
based on Wells score and D-dimer, will be most
cost-effective. At thresholds of £20,000 per QALY
and above this approach should be augmented by
using strain-gauge plethysmography to select
patients for venography instead of repeat
ultrasound scanning. At high thresholds
venography becomes more attractive, in the form
of a strategy of performing venography for all
patients except for those with a low Wells score
and negative D-dimer. It is noticeable that all of
these strategies involve discharging patients with a
low Wells score and negative D-dimer. Strategies
using ultrasound or venography in all low-risk
patients are unlikely to be optimal even when a
threshold of £100,000 per QALY is used.

Deterministic sensitivity analyses

Prevalence of proximal DVT in the
population
The results of varying the prevalence of proximal

DVT in the population, assuming a threshold for
willingness to pay of £20,000 per QALY, are shown
in Figure 25. For each value of proximal DVT
prevalence the mean net benefit of the algorithm is
plotted. To enhance clarity only selected
algorithms are included: those with a high mean
net benefit at one of the values of proximal DVT
prevalence. All algorithms have a negative net
benefit if the prevalence of proximal DVT is less
than 1%, so diagnostic testing is unlikely to be cost-
effective if DVT prevalence is very low. Algorithms
28, 31 and 16 are more cost-effective when DVT
prevalence is 5—10%. Although algorithm 20 is
optimal for values of prevalence of 15% and above,
algorithms 5, 9, 11 and 13 appear to be more cost-
effective at higher prevalence of DV'T.

D-dimer specificity

The mean net benefit for each algorithm if
D-dimer specificity is 84% of baseline value is
shown in Table 28, assuming willingness to pay of
£20,000 and £30,000 per QALY. As expected,
algorithms incorporating D-dimer have a lower net
benefit if D-dimer specificity is lower, but the loss
of net benefit is not sufficient to alter substantially
the relative cost-effectiveness of the algorithms.
Those using D-dimer and Wells score to rule out
DVT in low-risk patients remain the most cost-
effective, and algorithm 20 remains optimal. Two
algorithms that do not use D-dimer; algorithms 31
and 5, appear to be more attractive in this analysis.
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FIGURE 25 Variation in ranking of mean net benefit of algorithms with prevalence of DVT in the population
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TABLE 28 Mean net benefit of algorithms when D-dimer specificity is 84% of baseline value

Algorithm number Net benefit (£) at £20,000 per QALY Net benefit (£) at £30,000 per QALY
I 531,267 904,313
2 533,961 881,159
3 515,396 856,367
4 542,167 869,180
5 578,971 942,859
6 535,587 875,519
7 510,408 869,011
8 458,422 815,480
9 582,511 931,101

10 581,603 928,752

I 581,143 933,894

12 545,406 889,348

13 582,232 927,361

14 540,574 881,822

I5 570,459 911,940

16 576,880 906,268

17 542,135 885,700

I8 542,806 876,682

19 573,665 942,920

20 602,602 969,085

21 554,601 868,743

22 573,253 945,619

23 578,843 935,692

24 510,012 869,561

25 510,699 809,062

26 553,060 903,427

27 584,482 927,220

28 563,272 880,126

29 541,355 887,868

30 558,340 903,372

31 596,499 939,761

Algorithms only using widely available
tests

Figure 26 shows the results of repeating
probabilistic sensitivity analysis limited to
algorithms that use only widely available tests:
Wells score, D-dimer and above-knee ultrasound.
At a threshold of willingness to pay of 0, algorithm
0 is again most likely to be optimal. At thresholds
of £10,000 and £20,000 per QALY algorithm 16 is
most likely to be optimal, and at thresholds of
£30,000 per QALY and above algorithm 9 is most
likely to be optimal. Therefore, if
plethysmography or venography is not available
and cannot be implemented, either algorithm 16
or algorithm 9 is likely to be the most cost-
effective strategy, depending on the threshold for
willingness to pay.

Algorithm 20

This algorithm appears to be optimal at
conventionally used thresholds for willingness to
pay. However, it uses strain-gauge
plethysmography, which is not routinely available

in hospitals throughout the UK. The costing for
strain-gauge plethysmography was based on
assuming that it could be performed by the
clinician assessing the patient (doctor or DVT
nurse) and that the machine would be used 5000
times during its lifetime. These assumptions may
not be appropriate in hospitals with a relatively
small number of patients with suspected DV,

or if the machine is used by junior doctors, who
change jobs frequently and require retraining,
rather than permanent staff, such as DVT nurses.
Therefore, a one-way sensitivity analysis was
performed in which the cost of providing
plethysmography was varied in £5 increments up
to a maximum of £50 per patient. The results are
shown in Table 29.

If a £20,000 per QALY threshold is used then
algorithm 20 is only optimal if the cost of strain-
gauge plethysmography is £35 per patient or less.
If a £30,000 per patient threshold is used, then
algorithm 20 remains optimal unless the cost of
plethysmography exceeds £50 per patient.
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FIGURE 26 Probability that each algorithm is optimal at different cost per QALY thresholds. Only algorithms using Wells test,
ultrasound and D-dimer were analysed

TABLE 29 One-way sensitivity analysis on the cost of providing plethysmography

Price (£) Net benefit (£) at £20,000 per QALY Net benefit (£) at £30,000 per QALY
20 609,890 976,908

25 606,452 973,470

30 603,015 970,033

35 599,578 966,596

40 596,141 963,159

45 592,704 959,722

50 589,267 956,285

Algorithm 16

e ELISA D-dimer: £589,218 and £931,510
This algorithm only uses Wells score, D-dimer and
above-knee ultrasound, and is likely to be feasible
throughout the NHS. However, clinicians may be
interested to know whether the cost-effectiveness
of this algorithm is influenced by the D-dimer
assay used or the approach to ultrasound. In the
main analysis the algorithm used a SimpliRED D-
dimer assay, above-knee ultrasound and repeat
ultrasound scanning for high- or intermediate-risk
patients with a positive D-dimer. The analysis was
repeated using (1) latex D-dimer, (2) ELISA D-
dimer, (3) no repeat ultrasound scanning, and
(4) full-leg ultrasound. The mean estimates of net

Analysis of repeat ultrasound
benefit using the £20,000 and £30,000 per QALY
thresholds, respectively, were:

¢ single above-knee ultrasound only: £586,097
and £919,391

e full-leg ultrasound: £578,053 and £922,909.

Hence, it appears that using a latex assay is more
cost-effective than SimpliRED or ELISA at both
thresholds, whereas the original strategy is more
cost-effective than modified versions that either do
without a repeat ultrasound or use a full-leg scan

If 10,000 unselected patients with a negative
initial scan undergo repeat ultrasound, 119 will
have a true-positive result and gain the additional
costs and QALYs of treated proximal DVT, 15 will
have a false-positive result and gain additional

e SimpliRED D-dimer: £591,904 and £923,878
e Jatex D-dimer: £594,497 and £934,654

65
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costs and lose QALYs associated with treating no
DVT, while 9866 will have a negative repeat scan
and not gain or lose any costs or QALYSs. Analysis
results in an estimated cost per QALY gained of
£21,059 for repeat ultrasound in unselected
patients. This approach is therefore of borderline
cost-effectiveness and depends on the threshold
for willingness to pay.

If 10,000 patients with a positive D-dimer and
negative initial scan undergo repeat ultrasound,
323 will have a true-positive result. Assuming that
D-dimer is independent of ultrasound and the
number of false positives is unchanged, 15 will
have a false-positive result and 9662 will have a
negative repeat scan. Analysis results in an
estimated cost per QALY gained of £7804 for
repeat ultrasound in patients with positive D-
dimer. Hence, if an unselective approach to repeat
scanning is not considered cost-effective, selection
on the basis of a positive D-dimer is likely to be
considered cost-effective.

Summary

e Assuming a threshold for willingness to pay of
£20,000 per QALY or more, algorithm 20 is
most likely to be the optimal strategy.

e For a threshold of willingness to pay of £10,000
per QALY algorithm 16 is most likely to be
optimal.

e Algorithm 20 requires routine availability of
plethysmography (for most patients) and
venography (for a minority). Assuming a
£20,000 per QALY threshold, algorithm 20 will
only be optimal if plethysmography can be
provided at a cost of £35 per patient or less.

Assuming a £30,000 per QALY threshold,
algorithm 20 will be optimal if
plethysmography can be provided at a cost of
less than £50 per patient.

e If venography or plethysmography is not
routinely available, then algorithm 16 is most
likely to be the optimal strategy, given
willingness to pay of £10,000 or £20,000 per
QALY, while algorithm 9 is most likely to be the
optimal strategy, given willingness to pay of
£30,000 per QALY or more.

e If the prevalence of proximal DVT is very low
(1% or less) then diagnostic testing for DVT is
unlikely to be cost-effective. If DVT prevalence
is 5% algorithm 28 appears to be cost-effective,
provided plethysmography is available.
Otherwise, algorithm 16 appears to be more
appropriate in populations with low DVT
prevalence, while algorithm 9 is more
appropriate in populations with high DVT
prevalence.

¢ Algorithms involving D-dimer are likely to be
cost-effective even when used in patient groups
such as those with malignancy, in whom D-
dimer would be expected to have lower
specificity.

e If algorithm 16 is used, then a latex D-dimer
assay may be more cost-effective than ELISA or
SimpliRED, and above-knee ultrasound with
repeat if negative is likely to be more cost-
effective than a single above-knee or full-leg
ultrasound.

¢ Although repeat ultrasound scanning will
produce few positive results, it is likely to be
cost-effective, particularly if patients are
selected on the basis of D-dimer result or Wells
score.
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Chapter 7

Discussion: cost-effectiveness analysis

Implications of the analysis

Many algorithms are available for diagnosing
suspected DVT. In general, the more expensive an
algorithm, the more accurate it will be. Deciding
whether an algorithm is sufficiently accurate
involves a subjective judgement, which is not
always made explicit. In this report cost-
effectiveness analysis was used to ensure that the
criteria for judging each algorithm are rational
and explicit. This has involved estimating the
diagnostic performance of each algorithm,
estimating the benefits of accurate diagnosis,
estimating the costs of testing and treating
patients, and then placing a value on the benefits
of accurate diagnosis to determine the overall net
benefit of each algorithm, taking both costs and
benefits into account.

Using this approach conclusions may be drawn
regarding the potential roles of diagnostic tests
within algorithms and it is possible to determine
what might be an appropriate algorithm for the
NHS. This process needs to draw on the findings
of the systematic reviews along with other data
sources, particularly management studies of DVT
diagnosis. The results of cost-effectiveness analysis
are unlikely to influence practice if clinicians feel
that, by using an apparently cost-effective
algorithm, they will expose their patients to risks
of adverse outcomes. Management studies report
follow-up of patients who have been discharged
without treatment after a particular combination
of negative tests. As such they provide valuable
data to inform clinicians of the anticipated rate of
adverse outcome.

Wells score

Most of the algorithms used the Wells score.
Those that did not (algorithms 14, 6, 19, 25 and
30) tended to have lower estimates of mean net
benefit. Wells score is simple and cheap, and
provides useful diagnostic data at low cost, so it is
likely to be a useful component of a cost-effective
algorithm.

D-dimer

The meta-analyses in Chapter 3 established that
D-dimer was likely to be most useful in patients
with a low or intermediate Wells score. Most

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

algorithms that used D-dimer used it to rule out
DVT in low- or intermediate-risk patients. Cost-
effectiveness analysis showed that these algorithms
tended to have relatively high estimates of mean
net benefit. Algorithms that recommended testing
low-risk patients with ultrasound or venography,
regardless of D-dimer result (algorithms 2-8, 14,
17 and 18), tended to have lower estimates of
mean net benefit, particularly if the £20,000 per
QALY threshold was used. This is probably
because low-risk patients with a negative D-dimer
have a very low probability of having proximal
DVT. Estimates from the meta-analysis suggest
that the probability of proximal DVT in these
patients is about 0.3%. Further testing to detect
DVT is unlikely to be cost-effective in such
circumstances.

D-dimer and Wells score: management
studies

Management studies of patients with a low or
intermediate Wells score and negative D-dimer
have recently been reviewed*** and provide
reassurance that discharging these patients
without further testing is likely to be acceptable to
clinicians. The overall 3-month incidence of
venous thromboembolism was 0.5% (95% CI 0.07
to 1.1) among patients with a low clinical
probability of DVT and normal SimpliRED
D-dimer concentration, and 0.4% (0.04 to 1.1)
among outpatients with a low or moderate clinical
probability of DVT and a normal ELISA or latex
D-dimer concentration. The authors concluded
that these combinations ‘safely excluded” a
diagnosis of DVT. The analysis suggests that this
judgement is supported by cost-effectiveness
analysis.

The authors of this review also suggested that
decision analysis was required to determine
whether the less sensitive, but more specific
SimpliRED D-dimer assay was more appropriate
than more sensitive, but less specific, latex assays
or ELISAs. The sensitivity analysis of algorithm 16
suggests that using latex D-dimer produces the
highest mean net benefit.

Above-knee ultrasound
Above-knee ultrasound was used in most of the
algorithms tested and was the principal test for
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patients with a high Wells score or positive
D-dimer in some of the most cost-effective
algorithms (9, 10 and 16). However, algorithms
that advocated scanning all patients (2-8, 14, 17,
18) were less cost-effective. So a selective approach
to ultrasound seems to be preferable.

Repeat ultrasound scanning

The cost-effectiveness of repeat ultrasound
scanning depends on whether a higher risk group
of patients is selected or not (on the basis of
D-dimer result or Wells score), and whether a
£20,000 or £30,000 per QALY threshold for
willingness to pay is used. If one is willing to pay
up to £20,000 per QALY then repeat ultrasound
will only be cost-effective if higher risk patients are
selected. If one is willing to pay £30,000 per
QALY, then repeat scanning will always be cost-
effective, regardless of whether patients are
selected or not. These findings were consistent
when repeat ultrasound data were analysed as a
discrete entity and when comparing the results of
algorithms incorporating single versus repeat
scanning (e.g. algorithms 2 and 4, sensitivity
analysis of algorithm 16).

Full-leg ultrasound scanning

It was assumed that performing a full-leg
ultrasound would require additional skill and
experience and would therefore have a higher
unit cost than above-knee ultrasound. This meant
that full-leg ultrasound did not appear to be
cost-effective when directly compared with
above-knee ultrasound (with or without repeat)
or venography, and algorithms using full-leg
ultrasound (3, 8, 12, 26-31) tended to be less
cost-effective. It is important to recognise that it
is not the technique of full-leg scanning that
makes it appear less cost-effective, but the
additional costs of performing the test. If a
full-leg ultrasound can be performed without
incurring additional costs then it is likely to be
cost-effective.

Ultrasound: management studies

A substantial number of studies has been
published reporting follow-up of patients with
negative serial above-knee ultrasound
results'18:20427 o negative single full-leg
ultrasound results.%2*-43% These show a low rate
of thromboembolic events over the subsequent

3 months and have been used to provide evidence
that these approaches allow ‘safe’ discharge
without further testing or follow-up. The analysis
suggests that they are also cost-effective, provided
testing is not extended to those at low risk with a
negative D-dimer.

Plethysmography

This test is not widespread in the UK. Where
plethysmography is used the predominant
technique appears to be the Belfast venometer, a
type of strain-gauge plethysmograph. For this
reason it was assumed that all algorithms using
plethysmography would use strain-gauge and the
unit costs of this technique were calculated from
assumptions regarding use of the venometer: that
it could be used as a near-patient test by a DVT
nurse or junior doctor, and would take 15 minutes
to perform. Under these assumptions
plethysmography appears to be a useful element
of many algorithms, despite having modest
sensitivity and specificity.

Two of the most cost-effective algorithms (20 and
31) used plethysmography in different ways.
Algorithm 20 used plethysmography alongside
ultrasound, once low-risk patients with a negative
D-dimer had been discharged, to determine which
patients could be discharged without further
testing (ultrasound and plethysmography
negative) and which patients required venography
(one or other test positive), thus avoiding repeat
ultrasound scanning. However, the apparent cost-
effectiveness of this approach depends on two
assumptions. First, plethysmography must be
available at the relatively low cost assigned in the
analysis. Hospitals that do not manage many
patients with suspected DVT (and thus do not
conduct as many tests over the lifetime of the
equipment) or do not have DVT nurses may incur
higher costs. If the cost exceeds £35 per patient
then algorithm 20 is no longer optimal, assuming
a £20,000 per QALY threshold. Second,
plethysmography and ultrasound must detect DVT
independently of each other, that is, they must not
detect the same true-positive cases of DVT and
miss the same false negatives. There were no data
to address this issue, but basic principles suggest
that this assumption of independence may not
hold. Both ultrasound and plethysmography rely
on the size and ‘occlusiveness’ of DVT for
detection. Smaller or non-occluding clots are more
likely to be missed. If this is the case then the
assumption of independence will not hold and
cost-effectiveness will be reduced.

Algorithm 31 uses plethysmography in
conjunction with Wells score to discharge patients
with a low or intermediate Wells score and
negative plethysmography result. As with
algorithm 20, the apparent cost-effectiveness of
this approach may be undermined if costs of
plethysmography are higher than estimated here,
or if assumptions of independence do not hold.
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In this case the assumption is that the accuracy of
plethysmography is independent of Wells score.
The only study of (impedance) plethysmography?
suggests that sensitivity is lower in Wells low-risk
patients. If this is the case then more patients with
DVT will be discharged than we have assumed in
the model and cost-effectiveness will be lower.

Plethysmography: management studies
Management studies have measured the outcomes
of patients assessed by serial impedance
plethysmography, rather than a single
investigation.?****~#18 The prevalence of recurrent
thromboembolism following negative serial
impedance plethysmography is estimated to be
1.5% (95% CI 0.8 to 2.2),'* which is similar to
serial ultrasound. However, a much greater
proportion of DVT was detected during serial
testing, rather than the initial test (6.1% for
impedance plethysmography'? versus 1.8% for
ultrasound). There are also problems with
applying these data to the UK. The algorithms
identified in the survey used strain-gauge, rather
than impedance, plethysmography, and the
plethysmography was used for single, rather than
serial, testing.

Venography

Concerns about costs, complications and radiation
dose have led to a decrease in the use of
venography, such that a technique that was once
the standard test for DVT is now routinely
available in only a minority of hospitals in the UK.
The analysis suggests that venography is only
likely to have a role in diagnosis if it is limited to a
selected group of patients, such as in algorithm
20. Although some venography-based strategies

appeared cost-effective when mean net benefit
estimates were compared, probabilistic analysis
suggested that they were unlikely to be optimal.
This is because the high costs associated with
venography are relatively certain, while the
potential benefits, in terms of high diagnostic
accuracy leading to health gain, are more doubtful.

The potential effects of radiation dose were not
taken into account in the analysis, either for the
individual patient or for the wider community.
These factors would be extremely difficult to
include in the model. However, the need to reduce
radiation exposure provides an additional
rationale for reducing the reliance on contrast
venography.

Diagnostic algorithms

Many hospitals use algorithms to guide diagnosis,
and cost-effectiveness analysis may be used to
justify the choice of algorithm. This process needs
to involve a consideration of the practicalities of
implementing an algorithm, uncertainties
surrounding the analysis, features of the
population or individual patient, acceptability of
the algorithm to the clinical staff who will
implement it, and how much one is willing to pay
for additional health gains. Despite these
sometimes conflicting considerations a number of
conclusions may be drawn from the analysis, and a
few algorithms identified that appear to be
optimal for use in the NHS.

Algorithm 9

This algorithm (Figure 27), derived from a study
by Bates and colleagues,410 uses Wells score, latex
D-dimer and above-knee ultrasound, so it will be

Low or
moderate Wells

l

High Wells

DD +ve
Above-knee US

| Discharge | | Above-knee US | | us +ve| | US -ve |
|US +ve| | US —ve | |Treat | | Repeat US ‘
| Treat | | Repeat US |

FIGURE 27 Algorithm 9. DD, D-dimer; US, ultrasound.
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feasible in most UK hospitals. Patients with a
positive D-dimer or high Wells score receive
ultrasound with repeat scanning if negative.
Those with a negative D-dimer and intermediate
or low Wells score are discharged home. The
published study followed up 505 untreated
patients for 3 months and identified five
thromboembolic events. This is compatible with
the analysis, which suggests that out of every
1000 patients with suspected DVT there will be
10.24 cases of untreated proximal DVT and 1.5
cases of untreated distal DV'T that propagate
proximally. If the threshold for willingness to pay
is £30,000 per QALY or more, then this is likely to
be the optimal algorithm for most hospitals in
the UK.

Algorithm 16

This algorithm (Figure 28) was derived from a
study by Wells and colleagues.? It was used as the
intervention arm of a randomised trial and
compared with algorithm 18, the control arm of
which involved performing ultrasound on all
patients. The precise algorithm used in the trial
used a dichotomised version of the Wells score to
divide patients into ‘DVT likely’ and ‘DVT
unlikely’ groups. Patients in the DVT likely group
received ultrasound and D-dimer. If both tests
were negative the patients were discharged,
whereas if ultrasound was negative and D-dimer
positive a repeat ultrasound was performed.
Patients in the DVT unlikely group received D-
dimer testing. If positive they received a single
ultrasound, whereas if negative they were
discharged. Any positive ultrasound was treated.

The randomised trial found no significant
difference in thromboembolic events over 3
months between the two arms and concluded that,
because the D-dimer-based strategy (algorithm 16)
required less use of the more expensive ultrasound
tests, this strategy should be preferred. Out of
some 481 untreated patients in the intervention
arm there were two thromboembolic events over

3 months of follow-up. This is compatible with the
analysis, which suggests that out of every 1000
patients with suspected DVT there will be 14.8
cases of untreated proximal DVT and 5.7 cases of
untreated distal DVT that propagate proximally
(although the two algorithms are not absolutely
comparable).

Because of a lack of data on the dichotomised
version of the Wells score, this algorithm was
tested twice: in algorithm 16 patients with an
intermediate Wells score were managed in the
DVT unlikely group, whereas in algorithm 15 they
were managed in the DVT likely group. Algorithm
16 was generally more likely to be cost-effective
than algorithm 15 in the analyses.

If the threshold for willingness to pay is £10,000
per QALY then algorithm 16 is most likely to be
optimal, regardless of whether analysis includes all
algorithms or is limited to those using only
routinely available tests. At £20,000 per QALY
algorithm 20 is more likely to be optimal, if
plethysmography is available and assumptions of
independence hold. At £30,000 per QALY
algorithm 9 is more likely to be optimal.
Algorithm 16 is optimal at lower thresholds of

Low or
moderate Wells

SimpliRED DD
| DD -ve | | DD +ve |
Discharge Above-knee
us

High Wells

Above-knee US

| us +ve | US —-ve

ﬁ SlmpllRED DD

| DD—ve | | DD +ve |

| Dlscharge | | Repeat us |

FIGURE 28 Algorithm 16




Health Technology Assessment 2006; Vol. 10: No. 15

willingness to pay because it involves less use of
repeat ultrasound scanning and because it was
assumed that the SimpliRED D-dimer assay would
be used. Hence, it is cheaper, but less effective,
than algorithm 9. Selecting between these two
algorithms depends on the threshold for
willingness to pay for health gain.

Algorithm 20

This algorithm (Figure 29) discharges patients
with a low Wells score and negative D-dimer.

All other patients receive plethysmography and
ultrasound. If both tests are positive the patient is
treated, if both are negative they are discharged,
and if they disagree then venography is used to
resolve the diagnosis. It was optimal in the main
analysis for values of willingness to pay of
£20,000 per QALY or more. However, it requires
the availability of plethysmography and
venography, its cost-effectiveness depends upon
being able to provide plethysmography
reasonably cheaply (if the £20,000 per QALY
threshold is used), and it requires an assumption
of independence between plethysmography and
ultrasound.

The study from which algorithm 20 was derived,
by Kearon and colleagues,** followed up 382
untreated patients for 3 months and identified
one case of thromboembolism. This is compatible
with the analysis, which suggests that out of every
1000 patients with suspected DVT there will be
3.09 cases of untreated proximal DVT and four
cases of untreated distal DV'T that propagate

proximally. This low rate of thromboembolism is
likely to convince clinical staff that such a strategy
1s ‘safe’, but when similar rates of
thromboembolism are observed after cheaper,
simpler strategies (such as algorithm 16),° they
may question whether the complexity and cost of
testing are justified. The advantage of this
algorithm is that it does not require the patient to
return for repeat ultrasound scanning, which may
be seen as a practical advantage for staff and
patients.

Algorithm 31

This algorithm (Figure 30) discharges patients with
a low or intermediate Wells score and negative
plethysmography result. All other patients receive
a full-leg ultrasound. In the analysis it was highly
cost-effective at both thresholds for willingness to
pay. Although it requires the availability of
plethysmography, unlike algorithm 20 it does not
require venography and is considerably cheaper
to run.

The disadvantage of this algorithm is that, being
derived from the UK survey, it does not have
published data to support it. Furthermore, its
diagnostic performance in the model depends on
the assumption that the diagnostic performance of
plethysmography does not depend on Wells score.
If sensitivity is lower among patients with a low
Wells score then this algorithm will discharge more
patients with untreated proximal DVT than
estimated and may not be cost-effective or
acceptable to staff and patients.

SimpliRED DD/
Wells

—{DD—ve
Low Wells

Moderate or

00 ]

Above-knee

high Wells US and 1P
Discharge l
Above-knee

US and IP |Both +ve | | Both —ve| One —ve,

one +ve
|Both +ve| | Both —ve| One —ve, |Treat | | Discharge | | Venogram ‘

one +ve
|Treat| | Discharge | [ Venogram |

FIGURE 29 Algorithm 20. IP impedance plethysmography.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

71



72

Discussion: cost-effectiveness analysis

Low or
moderate Wells

| Plethysmography |

[Pleth. -ve|  [Pleth. +ve |

| Discharge| | Full-leg US |

High Wells

FIGURE 30 Algorithm 31

Diagnostic algorithms in specific patient
groups

Variation in the prevalence of DVT or the
performance of diagnostic tests may influence the
cost-effectiveness or the appropriateness of
diagnostic algorithms when they are applied to
specific patient groups. Unfortunately,
shortcomings in the reporting of primary data
limited the authors’ ability to draw conclusions
about the performance of diagnostic tests in most
of the specific groups. This means that
consideration of the use of diagnostic algorithms
in specific groups is limited to a crude analysis of
the effect of varying prevalence, some
consideration of the effect of varying D-dimer
specificity (where the evidence is strongest) and
drawing upon pathophysiological concepts.

Effect of variation in DVT prevalence

Sensitivity analysis showed that variation in DVT
prevalence could affect the relative estimates of
cost-effectiveness of the algorithms. The main
analysis assumed that the prevalence of proximal
DVT was 15%. At lower estimates of prevalence
algorithm 16 (the Wells trial intervention arm) was
more cost-effective, whereas at higher prevalence
algorithms 9, 11 and 13 appeared to be more cost-
effective. These latter two algorithms were derived
from studies by Anderson and colleagues*” and
Perrier and colleagues*’ respectively. Both make
selective use of venography to resolve the
diagnosis in patients with a high Wells score,
positive D-dimer and negative ultrasound.

Drawing a broad general conclusion from this
analysis, it would seem that a cheaper, simpler
strategy (algorithm 16) is appropriate if DVT
prevalence is likely to be low, while a strategy
involving more use of repeat ultrasound

(algorithm 9) or using venography for patients
with high Wells score, positive D-dimer and
negative ultrasound (algorithms 11 and 13) is
appropriate in populations where DVT prevalence
is likely to be high.

Effect of variation in D-dimer specificity

The systematic review of D-dimer identified
substantial heterogeneity in estimates of D-dimer
specificity. It is well recognised that a number of
clinical conditions will cause elevations of D-dimer,
other than venous thromboembolism. In the
metaregression D-dimer specificity was higher in
studies that excluded pregnant patients,
anticoagulated patients, those with a prolonged
clinical history and those with a past history of
thromboembolism. It is likely that D-dimer will
have lower specificity in populations with greater
co-morbidity, such as inpatient populations.

The only direct estimate of D-dimer specificity
identified involved studies of D-dimer in patients
with malignancy,7°’82‘84’l49 in which D-dimer had a
specificity of 46%. Sensitivity analysis using
proportionately lowered estimates of D-dimer
specificity showed that algorithms using D-dimer
were less cost-effective than in the main analysis,
but remained more cost-effective than those
recommending ultrasound or venography for all.

Inpatient populations

The main analysis relates to patients presenting as
outpatients with suspected DVT. Patients
presenting as inpatients are likely to have more co-
morbidities and thus D-dimer would be expected
to have lower specificity. Therefore, it may be
expected that algorithms using D-dimer would not
be appropriate in these patients. However, as
outlined above, D-dimer-based strategies appear
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to be more cost-effective than strategies involving
ultrasound or venography for all, even when
D-dimer specificity is proportionately lower. This
suggests that D-dimer can still be a valuable test
for ruling out DVT in low-risk patients, even if its
specificity is expected to be poor. Since it is a
cheap and simple test it is worthwhile using it to
rule out DVT in a relatively small proportion of
patients, even if many others will then need to
receive further testing. The main risk with this
approach, which cannot be addressed by the
model, is that D-dimer could be used to
investigate patients who would not otherwise have
received investigation. The poor specificity of
D-dimer makes it unsuitable for asymptomatic
screening for DV'T. This is an important
consideration for the inpatient population, where
the dividing line between suspected DVT and
asymptomatic screening may be blurred.

Asymptomatic patients

The cost-effectiveness analysis was designed to
analyse algorithms for diagnosing clinically
suspected DVT and should not be applied to
asymptomatic patients. Few of the parameters or
assumptions used in the model apply to
asymptomatic patients. They have different
prevalences of proximal and distal DVT, and a
different natural history,' diagnostic tests have
very different performance; the risks and benefits
of treatment are different; and prophylactic
treatment may be indicated among those at
highest risk, regardless of the results of diagnostic
testing.*19

The performance of diagnostic tests is generally
poorer among patients at risk of asymptomatic
DVT. D-dimer has reasonable sensitivity, but poor
specificity means that further diagnostic testing is
required if D-dimer is positive. Ultrasound and
plethysmography have poor sensitivity in
asymptomatic patients, so cannot reliably rule out
DVT. Meanwhile, CT and MRI have not been
extensively investigated in asymptomatic patients.
These factors, along with the fact that the term
‘asymptomatic patients’ includes a heterogeneous
group of medical and surgical patients, mean that
it is difficult to construct diagnostic algorithms,
and even more difficult to assess their cost-
effectiveness.

Pregnant patients

Because of the need to avoid using intravenous
contrast or X-rays in pregnancy, non-invasive tests
have long been the mainstay of diagnosis in
pregnant patients. Many studies exclude pregnant
patients, particularly studies of Wells score and
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D-dimer, so it may be inappropriate to apply the
present findings to these patients. Ultrasound and
impedance plethysmography have been studied in
pregnant patients. Given the superior diagnostic
performance of ultrasound, the most appropriate
approach is probably to perform an ultrasound on
all pregnant patients, with repeat if negative,
rather than using a diagnostic algorithm.

Intravenous drug abusers

These patients constitute a growing proportion of
the population with suspected DVT, but are often
excluded from studies without necessarily being
reported as exclusions. For example, intravenous
drug abusers did not form a significant proportion
of the population in the studies that developed
the Wells score (Wells P: personal communication).
Yet, they cause specific problems with diagnosis.
Intravenous drug use is associated with
thrombophlebitis and sepsis, which may generate
false positives and reduce D-dimer specificity, and
lack of venous access may make venography
impossible. Meanwhile, it may be expected that
ultrasound would be an appropriate test, because
thrombi should be associated with femoral vein
injection, a location that is easily visualised by
ultrasound. Since the prevalence of DVT is high
among intravenous drug abusers presenting with
suspected DVT (audit data, Sheffield Teaching
Hospitals Trust) the most appropriate approach is
probably to treat these patients in a similar way to
patients with a high Wells score and perform
ultrasound with repeat if negative in all cases.
However, this may be problematic owing to poor
compliance.

Comparison to other studies of
cost-effectiveness

Perone and colleagues®' used decision analysis
modelling to compare four strategies,
incorporating combinations of clinical risk scoring,
D-dimer and ultrasound, with a ‘no treatment’
alternative. They estimated that the cheapest
strategy (combining clinical risk scoring and
D-dimer with a single ultrasound) was also the
most cost-effective. This strategy was the same as
algorithm 13 in the present analysis. Alternative
strategies of ultrasound with repeat for all
patients (present algorithm 2), ultrasound with
repeat if D-dimer is positive (algorithm 6) and
ultrasound with repeat or venography based on
Wells score (algorithm 5), were all less cost-
effective, with incremental costs per QALY gained
of $61,616-95,080.
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Although there is a number of differences in the
methods, assumptions and parameters used, these
results broadly concur with the present analysis.
At the £20,000 per QALY threshold algorithm 13
was more cost-effective than algorithm 2, 5 or 6.
At £30,000 per QALY algorithm 13 was more
cost-effective than algorithms 2 and 6, but slightly
less cost-effective than algorithm 5. Thus, the
present analysis supports their conclusion that
combining clinical probability and D-dimer with a
single ultrasound is probably the most cost-
effective option among those tested. However, by
testing a larger number of potential algorithms
the current study identified that, once patients
with a low or intermediate Wells score and
negative D-dimer have been excluded from
further testing, a policy of repeat ultrasound
scanning is probably cost-effective. This
alternative was not tested by Perone’s group,

who only compared algorithm 13 with strategies
that involved performing ultrasound on all
patients.

Other cost-effectiveness analyses have tended to
focus on the cost-effectiveness of one particular
non-invasive technology and are less easily
comparable to the present analysis. Kim and
colleagues® evaluated strategies for using
compression ultrasonography in patients with
suspected DVT and concluded that bilateral
above-knee ultrasound, with repeat if negative,
was the most cost-effective option, with an
incremental cost-effectiveness ratio of $39,000
per QALY gained. Conversely, Hillner and
colleagues*” found that repeat scanning cost an
additional $390,000 per additional life saved,
and concluded that future research should focus
on identifying clinical predictors of high-risk
patients who would be suitable for repeat
scanning. Crippa and colleagues*®! evaluated
the role of D-dimer in diagnosis and concluded
that using D-dimer to rule out DVT in
symptomatic patients was likely to be cost-
effective, particularly for those with a low clinical
risk, but was unlikely to be cost-effective in
asymptomatic patients.

Limitations of the analysis

This analysis has a number of limitations that
should be recognised. Some of these relate to
limitations in the data and assumptions used in
the model. Others relate to the principles behind
the model, such as the use of diagnostic
algorithms and the use of cost-effectiveness
analysis per se.

Uncertainty regarding the outcome of
untreated proximal DVT

Most of the parameters in this analysis were
supported by excellent data, including a
substantial number of systematic reviews. Yet three
crucial variables, the probabilities of fatal PE, non-
fatal PE and PTS in untreated patients with
proximal DV, had very limited data to support
them. This is not surprising because
anticoagulation has been standard treatment for
DVT for over 40 years.

The solution to this problem for two of the
variables (fatal and non-fatal PE) was to use data
from follow-up studies of patients in whom DVT
was ruled out by imperfect non-invasive tests. The
authors believe that this approach, although
relying on an element of modelling, provides very
appropriate estimates. The estimates of the
probability of fatal and non-fatal PE (2% and 9%,
respectively) may seem rather low, but probably
reflect what we really want to measure: the risks
associated with missed DVT, rather than the risks
of untreated DVT. It is likely that the DVT missed
by diagnostic testing differ from those that are
detected, perhaps being smaller and more distally
located. If this is the case then the risks of
propagation will also differ. By estimating the risks
of missed DVT from studies of ultrasound and
D-dimer, hopefully, an estimate has been obtained
that reflects the risks of DVT missed by these
modalities. The limitations of this approach are,
first, the assumption that DVT missed by one
diagnostic test (e.g. D-dimer) are the same as DVT
missed by another (e.g. ultrasound), and second,
that estimates from these two diagnostic tests are
applied to other, unrelated diagnostic tests.

Independence of diagnostic tests

When combining diagnostic tests in an algorithm,
one needs to know whether the tests are
independent of each other. The greater the
correlation between diagnostic tests, the less
information will be added by each test. Good data
were found relating to the interaction between D-
dimer and Wells score, and these were used in the
model. Only one study each was found relating to
the interaction between Wells score and
plethysmography’® or ultrasound.® A decision was
made not to use this limited information in the
model, but to assume independence. Finally, no
data were found relating to potential interactions
between D-dimer, plethysmography and
ultrasound. The implications of this are that
findings involving any interaction between tests,
other than those involving D-dimer and Wells
score, may be undermined if assumptions of
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independence do not hold. This problem is likely
to be greatest for algorithms involving
plethysmography.

Interaction between D-dimer and Wells score was
included in the model. The one study that
examined interaction between ultrasound and
Wells score® suggested that ultrasound had higher
sensitivity in patients with a high Wells score.

If this is true then the present study may have
underestimated the performance of algorithms,
such as algorithms 9 and 16, that restrict use of
ultrasound in patients with a low Wells score.
Meanwhile, the opposite effect may occur for
studies that involve discharging low-risk patients
with a negative plethysmography result, such as
algorithm 31. The one study that examined
interaction between Wells score and
plethysmography” suggested that sensitivity was
lower in those with a low Wells score. Therefore,
by assuming independence the performance of
algorithm 31 may have been overestimated.

Variation between populations and
providers of care

All the meta-analyses identified substantial
heterogeneity among results. The authors had
only very limited success in using metaregression
to identify factors that predicted diagnostic
performance. It is likely that differences in patient
populations and in the providers of care who
undertook diagnostic testing are responsible for
much of the heterogeneity. This means that
diagnostic algorithms may have very different
performance if they are used in different
populations or by different providers of care.

An attempt was made to include all potentially
eligible studies in the systematic reviews, and
studies were not excluded on the basis of quality
criteria, such as consecutive recruitment or
prospective data collection, that may not be
strongly related to validity.?® This means that the
estimates of diagnostic performance tended to be
slightly lower than those reported in previous
meta-analyses. It is therefore possible that
diagnostic algorithms applied to carefully selected
populations by well-trained providers may
perform better than estimated here, whereas
algorithms applied to ‘all-comers’ by poorly
trained providers may perform worse.

Potential algorithms not included in the
analysis

The range of potential algorithms that could be
included in the analysis is huge. The number of
algorithms in the analysis was limited by only
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including algorithms currently used in the UK,
published algorithms and a few hypothetical
algorithms. It is possible that other combinations
of tests could be more cost-effective than those
included in the analysis. However, it is unlikely
that any algorithm that is not currently being used
or has not been published will be acceptable to
providers and patients.

The use of algorithms

Diagnostic algorithms provide a standardised way
of managing patients that can be used to guide
inexperienced staff. This has advantages of
reducing variation in practice, allowing safe
management by the inexperienced and providing
some control over risk management, but it also
has disadvantages. The systematic review of
clinical scores found that unstructured estimation
of clinical probability by experienced staff had
similar diagnostic performance to Wells score.
Experienced staff may be able to select individual
patients for appropriate diagnostic testing and use
tests in an intelligent manner. Furthermore, they
may be able to incorporate patient preferences
into decision-making. None of this can be done by
diagnostic algorithms.

The use of cost-effectiveness analysis
Cost-effectiveness is only one of the considerations
that need to be taken into account when deciding
on an appropriate strategy for diagnosing
suspected DV'T. For example, the analysis does not
take into account patient perceptions of diagnostic
testing or the acceptability of particular tests. Non-
invasive tests have the advantages, compared with
venography, of being more comfortable for
patients and less technically demanding for
clinicians. These factors are not taken into account
in the analysis, except for very crudely estimated
complication and failure rates. Repeat ultrasound
may be cost-effective (if selectively applied or a
£30,000 per QALY threshold is used), but the
analysis does not include the effect of diagnostic
uncertainty on patients who are waiting for a
definitive diagnosis. Patients may have a strong
preference for an immediate diagnosis.

Cost-effectiveness analysis involves making a value
judgement regarding the monetary value of a
QALY. The analysis principally examined the cost-
effectiveness of algorithms at the £20,000 and
£30,000 per QALY thresholds. However, other
factors, such as equity, need to be taken into
account in decision-making. Finally, although the
aim of cost-effectiveness analysis is to ensure that
decision-making is explicit and rational, this aim
may be impaired by poor understanding of the
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concepts and methods of cost-effectiveness
analysis. Clinicians who do not understand the
methods used in this analysis are likely to be
sceptical of the findings and may be unwilling to
implement them.

Implications for future research

This analysis identified two algorithms (9 and 16)
that are likely to be cost-effective and feasible
throughout the NHS. Choosing between these
algorithms depends on the threshold for
willingness to pay for health gain, but both could
be implemented in a similar manner. Future
research into these algorithms should focus on the
practicalities of implementation, and how their
use may be linked to developments in emergency
diagnosis (such as clinical decision units) and
outpatient management of DVT. The analysis also
identified two other algorithms (20 and 31) that
may be more cost-effective, but doubts were
raised about the assumptions used in modelling
their cost-effectiveness. Future research into

these algorithms should therefore focus on
providing empirical data to address these
assumptions.

Implementation of algorithms based

on Wells, D-dimer and ultrasound

(9 and 16)

As these algorithms only use tests that are widely
available, there are no theoretical reasons why they
should not be implemented throughout the NHS
in a cost-effective manner. However, some
practical issues need to be examined:

e What are the costs and outcomes in routine
practice? The cost estimates were based on
national unit costs, while outcomes were based
on the results of meta-analyses, modelling and
empirical data from management studies. The
latter are typically undertaken in specialist
centres, where standards of training, monitoring
and performance may be higher than
elsewhere. Audit, observational studies and
collection of cost data need to be undertaken
alongside routine practice to determine whether
implementation reflects the performance
assumed in the model.

¢ How do the algorithms perform in subgroups of
patients? Data used in the model were derived
from either selected groups of patients that
excluded subgroups (e.g. intravenous drug
abusers, pregnant patients or those with
previous DVT) or heterogeneous groups in
which these subgroups constituted a small

proportion. Further research is required to
determine whether different algorithms are
required in specific patient groups.

e How do the algorithms perform when
implemented by different providers? The
costs and accuracy of algorithms and their
constituent tests will vary depending on
who is implementing them. The development
of specialist DVT nurses in the NHS offers
the opportunity to concentrate skills and
enhance cost-effectiveness. For example, if
DVT nurses could develop the skills required
to perform ultrasound then this test
could be provided as a cheap, point-of-
care test.

e How do algorithms compare to non-protocol
care? This is a more fundamental question, but
still important to implementation. Although
algorithms may be a useful way of standardising
care, there is no strong reason why algorithm-
guided care should be any better than
unstandardised care, and some reasons why
it may be worse than individualised patient
care undertaken by an experienced clinician.
Research is required to determine whether
algorithms improve care, or even
change it.

Evaluation of algorithms using
plethysmography

Incorporating plethysmography into algorithms
has the potential to improve cost-effectiveness, but
is undermined by uncertainty surrounding
assumptions of independence of tests and the
costs of providing plethysmography. Research is
required to determine how plethysmography
interacts with other tests, particularly Wells score
and ultrasound. This could involve either
experimental studies comparing the results of all
three tests with venography, or observational
studies determining the incidence of
thromboembolism after using plethysmography-
based algorithms. Research is also required in
hospitals that are currently using plethysmography
to determine the costs of providing the test and to
explore whether these are generalisable
throughout the NHS.

Methodological issues

The approach of using data from meta-analysis
to inform the decision analysis model is based
on a number of simplifications that require
further investigation. These include the
assumptions regarding independence of tests
discussed earlier and the difficulty in applying
results to specific groups of patients. Other issues
include:
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e evaluation of the optimal cut-off used when
determining sensitivity and specificity of a test
in a decision model: it was assumed that all tests
were operating at the same threshold and
therefore parameters were only estimated for
one threshold. These estimates were then used
as fixed values in the decision model. However,
deriving the optimal cut-off for a particular test
could be part of the decision modelling process.

¢ the selection of appropriate ranges for values of
sensitivity and specificity used in probabilistic
sensitivity analysis, when these two variables are
recognised to be interdependent.

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

Diagnostic testing for pulmonary
embolus

The analysis was limited to evaluation of
diagnostic tests for DVT, yet many of the same
issues are relevant to the diagnosis of suspected
PE. Substantial research has been undertaken into
diagnostic tests for PE, such as clinical scores,
D-dimer, VQ scanning and spiral CT scanning, yet
there is widespread variation in practice and
uncertainty regarding the appropriate diagnostic
approach. Systematic review, meta-analysis and
decision analysis modelling are required to
address this problem.
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Appendix |

Literature search strategies

Literature search for studies of 44

clinical features and scores

exp Venous Thrombosis/
deep vein thrombosis.tw.
phlebothrombosis.tw.
venous thrombos$.tw.

deep venous thrombosis.tw.
DVT.tw.

or/1-6

exp "Sensitivity and Specificity"/
exp Diagnostic Errors/

10 Reference Values/

11 Reproducibility of Results/
12 likelihood functions/

O 00 T Uk OON —

13 specificity.mp. [mp=title, abstract, cas
registry/ec number word, mesh subject

heading]
14 sensitivity.mp.
15 false negative$.mp.
16 false positive$.mp.
17 true negative$.mp.
18 true positive$.mp.
19 predictive value$.mp.
20 reproducibility.mp.
21 ROC curve.mp.
22 Diagnos$.mp.
23 reference value$.mp.
24 likelihood function§.mp.
25 likelihood ratio$.mp.
26 or/8-25
27 exp medical history taking/

O 00 T Tk OON —

Pt
CON = O

14
15

28 medical history.tw. 16
29 history taking.tw. 17
30 exp physical examination/ 18
31 physical exam$.tw. 19
32 patient exam.tw. 20
33 (pre test probability or pretest probability or 21
pre-test probability).tw. 22
34 ((pre test or pretest or pre-test) adj2 (prob$ or 23
Score$)).tw. 24
35 probability model$.tw. 25
36 probability tool§.tw. 26
37 prediction rule$.tw. 27
38 wells.ti,ab.
39 clinical scor$ system$.tw. 28
40 clinical diagnos$ model$.tw. 29
41 clinical probability$.tw. 30
492 clinical feature$.tw. 31
43 clinical finding$.tw. 32
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clinical sign$.tw.
clinical symptom$.tw.
clinical assessment.tw.
clinical evaluation.tw.
clinical diagnosis.tw.
physical sign$.tw.
physical symptom$.tw.
physical assessment.tw.
or/27-51

7 and 26 and 55

Literature search for studies of
D-

dimer

exp Venous Thrombosis/

deep vein thrombosis.tw.
phlebothrombosis. tw.

venous thrombos$.tw.

deep venous thrombosis.tw.

DVT.tw.

or/1-6

exp "Sensitivity and Specificity"/

exp Diagnostic Errors/

Reference Values/

Reproducibility of Results/

likelihood functions/

specificity.mp. [mp=title, abstract, cas
registry/ec number word, mesh subject
heading]

sensitivity.mp.

false negative$.mp.

false positive$.mp.

true negative$.mp.

true positive$.mp.

predictive value$.mp.
reproducibility.mp.

ROC curve.mp.

Diagnos$.mp.

reference value$.mp.

likelihood function$.mp.

likelihood ratio$.mp.

or/8-25

Fibrin Fibrinogen Degradation Products/ or
Enzyme-Linked Immunosorbent Assay/
Reagent Kits, Diagnostic/

d-dimer.tw.

simplired.tw.

or/27-30

7 and 26 and 31
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Literature search for studies of
plethysmography techniques

exp Venous Thrombosis/

deep vein thrombosis.tw.

phlebothrombosis. tw.

venous thrombos$.tw.

deep venous thrombosis.tw.

DVT.tw.

or/1-6

exp "Sensitivity and Specificity"/

exp Diagnostic Errors/

10 Reference Values/

11 Reproducibility of Results/

12 likelihood functions/

13 specificity.mp. [mp=title, abstract, cas
registry/ec number word, mesh subject
heading]

14 sensitivity.mp.

15 false negative$.mp.

16 false positive$.mp.

17 true negative$.mp.

18 true positive$.mp.

19 predictive value§.mp.

20 reproducibility.mp.

21 ROC curve.mp.

22 Diagnos$.mp.

23 reference value$.mp.

24 likelihood function$.mp.

25 likelihood ratio$.mp.

26 or/8-25

27 exp Plethysmography, Impedance/

28 impedance plethysmography.tw.

29 rheography.tw.

30 plethysmography.tw.

31 or/27-30

33 7 and 36 and 31

© 00O Ok OO N —

Literature search for studies of
ultrasound

1 exp Venous Thrombosis/

2 deep vein thrombosis.tw.

3 phlebothrombosis.tw.

4 venous thrombos$.tw.

5 deep venous thrombosis.tw.

6 DVT.tw.

7 or/1-6

8 exp "Sensitivity and Specificity"/

9 exp Diagnostic Errors/

10 Reference Values/

11 Reproducibility of Results/

12 likelihood functions/

13 specificitymp. [mp=title, abstract, cas
registry/ec number word, mesh subject
heading]

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

sensitivity. mp.

false negative$.mp.
false positive$.mp.
true negative$.mp.
true positive$.mp.
predictive value$.mp.
reproducibility. mp.
ROC curve.mp.
Diagnos$.mp.
reference value$.mp.
likelihood function$.mp.
likelihood ratio$.mp.
or/8-25

exp Ultrasonography/
ultraso$.tw.
sonography.tw.
duplex.tw.
doppler.tw.
echography.tw.
echotomography.tw.
or/27-33

7 and 26 and 34

Literature search for studies of
CT scanning

© 0 ~J O O 0N~

ek
CON = O

14
15
16
17
18
19
20
21
22
23
24
25
26
27

exp Venous Thrombosis/

deep vein thrombosis.tw.
phlebothrombosis. tw.

venous thrombos$.tw.

deep venous thrombosis.tw.

DVT.tw.

or/1-6

exp "Sensitivity and Specificity"/

exp Diagnostic Errors/

Reference Values/

Reproducibility of Results/

likelihood functions/

specificity.mp. [mp=title, abstract, cas
registry/ec number word, mesh subject
heading]

sensitivity. mp.

false negative$.mp.

false positive$.mp.

true negative$.mp.

true positive$.mp.

predictive value$.mp.
reproducibility. mp.

ROC curve.mp.

diagnos$.mp.

reference value$.mp.

likelihood function$.mp.

likelihood ratio$.mp.

or/8-25

tomography, x-ray computed/ or tomography,
spiral computed/
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28
29
30
31
32
33
34
35
36

cat scan.tw.

Cct scan.tw.

cine ct.tw.

compute$ tomography.tw.

electron beam.tw.
tomodensitometry.tw.

compute$ transmission tomography.tw.
or/27-34

7 and 26 and 35

Literature search for studies of
MRI scanning

O 00 T Ok OON —

Pk ke
CON = O

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
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exp Venous Thrombosis/

deep vein thrombosis.tw.
phlebothrombosis. tw.

venous thrombos$.tw.

deep venous thrombosis.tw.
DVT.tw.

or/1-6

exp "Sensitivity and Specificity"/
exp Diagnostic Errors/

Reference Values/

Reproducibility of Results/
likelihood functions/
specificity.mp. [mp=title, abstract, cas
registry/ec number word, mesh subject
heading]

sensitivity.mp.

false negative$.mp.

false positive$.mp.

true negative$.mp.

true positive$.mp.

predictive value$.mp.
reproducibility.mp.

ROC curve.mp.

Diagnos$.mp.

reference value$.mp.

likelihood function§.mp.
likelihood ratio$.mp.

or/8-25

exp Magnetic Resonance Imaging/
chemical shift imaging.tw.

mr tomography.tw.

mri.tw.

magnetic resonance imaging.tw.
magnetization transfer contrast imaging.tw.
nmr.tw.

34 proton spin tomography.tw.
35 zeugmatography.tw.

36 or /27-35

37 7 and 26 and 36

Literature search for algorithms

N OOt 00—

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

exp "Sensitivity and Specificity"/

exp Diagnostic Errors/

Reference Values/

Reproducibility of Results/

likelihood functions/

lor2or3or4orb

specificity.mp. [mp=title, original title,
abstract, name of substance, mesh subject
heading]

. sensitivity.mp.

. false negative$.mp
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

false positive$.mp

true negative$.mp.

true positive$.mp.
predictive value$.mp.
reproducibility.mp

ROC curve.mp.
Diagnos$.ti.

reference value$.mp.
likelihood function$.mp.
likelihood ratio$.mp.

6or7or8or9orl0orllorl2orl8orl4

orl5orl6or17orl18or19
exp Venous Thrombosis/

deep vein thrombosis.tw.
phlebothrombosis. tw.

venous thrombosis.tw.

venous thromboembolism.tw.
deep venous thrombosis.tw.
DVT.tw.

21 or 22 or 23 or 24 or 25 or 26 or 27
20 and 28

algorithms/

algorithm$.tw.

"Guideline [Publication Type]"/
exp Guidelines/

guideline.tw.

Clinical Protocols/
protocol§.tw.

or/30-36

28 and 37
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TABLE 30 Cohorts reporting individual clinical features

First author

Anderson?'

Brigt®?
Chan??
Constans>*
Constans®®
Cooperman
Cranley®’
Criado3®
Criado®®
Glover3™
Glover3™
Haeger*
Johanning®!
Kahn*?
Kiil*3
Landefeld**
Lee®
Lindqvist46
Lucchi?
Molloy*®
Oger®
Pini*®
Prandoni®'
Richards®?
Robinson®?
Sandler®*
Trujillo-Santos®®
Vaccaro®®
Vine*’

Wells>®
Wijeyaratne®®

36

Year

1999
1983
2000
2001
2003
1979
1976
1997
1997
1996
1996
1969
2002
1999
1979
1990
2002
1977
1993
1982
1997
1984
1988
1976
1998
1984
2000
1987
1981
1997
2002

n

344
82
173
273
282
98
124
916
610
1231
1265
72
156
271
58
236
345
47
102
100
277
137
500
150
83
50
108
152
150
593
137

Appendix 2

Additional tables

% With
DVT

13
49
25
24
25
23
54

16

12
24

14
46

14
27
40
27

18
51
38
43
58
52
32
40
34
58
70
45
33

16
46

Mean
age

54
NR
55
68
NR
54
NR
NR
NR
65
6l
NR
60
58
69
56
NR
NR
52
54
NR
NR
54
NR
69
56
65
NR
NR
57
45

% Male

45
NR
39
38
30
40
NR
47
37
42
35
NR
37
49
40
38
6l
NR
34
38
43
NR
49
NR
45
55
54
NR
40
42
30

9 Two studies reported two cohorts each (inpatient and outpatient).

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

Setting

ED

ED

ED
Inpatient
Outpatient
NR

NR
Inpatient
Outpatient
Inpatient
Outpatient
Outpatient
Outpatient
Mixed

NR

Mixed

NR

Mixed
Outpatient
NR
Inpatient
Outpatient
Outpatient
Inpatient
Inpatient
Inpatient
Inpatient
NR

Mixed
Outpatient
NR

Reference standard

Ultrasound and follow-up
Venogram

Ultrasound

Ultrasound and follow-up
Ultrasound

Venogram

Venogram

Ultrasound

Ultrasound

Ultrasound

Ultrasound

Venogram

Ultrasound

Venogram and plethysmography
Venogram

Venogram

Ultrasound

Venogram

Ultrasound

Venogram

Venogram

Venogram

Venogram

Venogram

Venogram

Venogram

Venogram

Venogram

Venogram

Ultrasound, repeat and follow-up
Ultrasound
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Appendix 2

TABLE 39 Net benefit per 1000 patients with suspected DVT for each algorithm, compared with algorithm 0, using a threshold of
£20,000 per QALY and £30,000 per QALY

Strategy Net benefit (£) assuming cost per QALY Net benefit (£) assuming cost
threshold of £20,000 per QALY threshold of £30,000
I 531,267 904,313
2 533,961 881,159
3 515,396 856,367
4 542,167 869,180
5 578,971 942,859
6 540,770 880,702
7 510,408 869,01 |
8 458,422 815,480
9 597,675 948,356
10 597,100 946,341
I 592,715 947,039
12 556,433 901,866
13 594,157 941,200
14 542,183 883,431
15 581,319 924,291
16 591,904 923,878
17 542,135 885,700
18 542,806 876,682
19 591,155 961,516
20 610,446 977,464
21 554,601 868,743
22 584,168 957,110
23 597,766 955,614
24 528,699 890,281
25 531,757 832,930
26 568,545 921,007
27 594,579 938,667
28 566,313 883,451
29 550,286 898,008
30 575,163 922,471

31 596,499 939,761
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Appendix 3

Additional figures

Positive LR

Positive LR (95% Cl)
Haeger*0 0.93 (0.83 to 1.05)
Trujillo-Santos®>  1.51 (1.15 to 1.99)
Pini% 126 (0.93 to 1.72)
Molloy*8 2.14 (1.21 to 3.78)
Lindqvist* 0.86 (0.65to I.14)
Cranley?” 0.98 (0.84to I.13)
Johanning*! .01 (0.78 to 1.30)
Sandler® 1.06 (0.83to 1.37)
Wijeyaratne®®  1.08 (0.97 to 1.21)
Criado3® 0.91 (0.66 to 1.27)
Criado3® 1.06 (0.70to |.61)
Lee#s 1.74 (0.76 to 3.99)
Random effects model
Pooled positive LR = 1.08 (0.96 to 1.20)
Cochran-Q = 26.97; df = || (p = 0.0046)

FIGURE 31 Positive likelihood ratios (LR): calf pain

Negative LF Negative LF (95% ClI)
' ° Haeger 3.55 (0.39 to 32.49)
— e ] Trujillo-Santos’s  0.15 (0.05 to 0.42)
—4- Pini50 0.74 (0.51 to 1.09)
—ek| Molloy*® 0.66 (0.48t0 0.92)
| o Lindquist*® 1.92 (0.54 to 6.77)
. Cranley3’ 1.13 (0.51 to 2.50)
:;K Johanning*! 0.97 (0.43to02.2l)
ﬂ—'— Sandler®* 0.72 (0.20to 2.57)
e Wijeyaratne®  0.47 (0.15 to 1.43)
| & Criado®® 1.05 (0.8 to 1.26)
lq Criado3® 0.99 (0.92to 1.07)
ld Lee* 0.95 (0.87 to 1.04)
[
'b' Random effects model
Pooled negative LR = 0.90 (0.78 to 1.03)
Cochran-Q = 27.05; df = || (p = 0.0045)
0.0l | 100.00

FIGURE 32 Negative likelihood ratios: calf pain
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Positive LR Positive LR (95% CI)
T
e Vine®’ 1.75 (1.30to 2.36)
- Trujillo-Santos®>  0.99 (0.80 to 1.42)
i T._ Constans®® 1.84 (1.42 to 2.40)
L — Constans* 2.01 (1.42to2.84)
! Landefeld* 1.26 (1.10to 1.46)
—p Molloy*® 1.08 (0.67 to 1.75)
| | Cranley3’ 0.98 (0.88 to 1.09)
* Johanning®! 1.29 (0.12to 1.48)
T Cooperman3® 1.73 (1.21 to 2.48)
A8 Vaccaro®® 1.47 (1.17 to 1.85)
I*- Criado3® 1.24 (1.09 to 1.42)
| Criado® 1.57 (1.27 to 1.94)
# Lee* 1.06 (0.93to 1.22)
I
I@I Random effects model
Pooled positive LR = 1.34 (1.18 to 1.53)
Cochran-Q = 71.18; df = 12 (p = 0.0000)
0.01 | 100.00
FIGURE 33 Positive likelihood ratios: calf swelling
Negative LR Negative LR (95% CI)
T
— Vine®’ 0.50 (0.32t00.79)
Tt Trujillo-Santos®  1.02 (0.47 to 2.22)
%! Constans3® 0.57 (0.42to 0.78)
Lol Constans¥ 0.68 (0.53 to 0.87)
—e Landefeld** 0.44 (0.23 to 0.84)
| +e— Molloy*® 0.95 (0.68to 1.31)
—tr—— Cranley?” 1.19 (0.40 to 3.55)
g T Johanning*! 0.18 (0.03 to 1.27)
— Cooperrstgan36 0.46 (0.22t0 0.93)
—— Vaccaro 0.42 (0.25t0 0.73)
—+—!— Criado3® 0.58 (0.37t0 0.91)
l ¢ Criado® 0.78 (0.67 to 0.90)
—+—o— Lee* 0.80 (0.46 to 1.39)
Lj! Random effects model
Pooled negative LR = 0.66 (0.56 to 0.77)
Cochran-Q = 21.23; df = 12 (p = 0.0471)
0.0l | 100.00

FIGURE 34 Negative likelihood ratios: calf swelling
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Positive LR Positive LR (95% CI)
—to— Prandoni®' 224 (1.37to 3.68)
+eo+ | Constans3 1.35 (0.89 to 2.05)
—e— Johanning*! 1.68 (0.77 to 3.63)
—— | Oger* 1.61 (1.05 to 2.46)
| Glover® 3.30 (2.01 to 5.40)
i _.i_ Glover® 3.29 (2.14t05.04)
—— Criado3® 1.92 (1.19to0 3.10)
I ol Criado®® 2.84 (1.81 to 4.48)
el —e— Lee® 15.67 (6.60 to 37.22)
| |
i<>i Random effects model
Pooled positive LR = 2.54 (1.79 to 3.61)
Cochran-Q = 34.70; df = 8 (p = 0.0000)
0.01 | 100.00

FIGURE 35 Positive likelihood ratios: past history of DVT

Negative LR Negative LR (95% CI)
® Prandoni®'  0.89 (0.83 to 0.97)
- Constans3* 0.88 (0.73 to 1.07)
—ﬂ-- Johanning*! 0.86 (0.65to 1.14)
- Oger® 0.84 (0.73 t0 0.97)
9 Glover® 0.91 (0.86 to 0.96)
. Glover® 0.90 (0.86 to 0.95)
R Criado3® 0.88 (0.77 to 0.99)
L] Criado3® 0.88 (0.82to 0.95)
|| Lee®s 0.68 (0.57 to 0.81)
Il
i Random effects model
{ Pooled negative LR = 0.88 (0.85 to 0.92)
Cochran-Q = 11.53; df = 8 (p = 0.1734)
0.01 | 100.00

FIGURE 36 Negative likelihood ratios: past history of DVT
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Appendix 3

Positive LR Positive LR (95% ClI)
e Vine®’ 6.00 (2.04to 17.66)
+—— Prandoni®! 3.25 (1.84t05.72)
- Truijillo-Santos®  0.98 (0.27 to 3.56)
| T Wells>® 4.73 (3.21 to 6.96)
T Constans? 2.48 (0.78to 7.87)
-i—Qi— Constans* 3.01 (1.82to4.96)
——— Anderson3! 2.77 (1.02to 7.49)
4 lel Molloy8 2.65 (0.85 to 8.23)
e Landefeld** 2.18 (I.11to 4.28)
—to—— Kahn*? 2.30 (1.08to 4.89)
— Johanning*! 3.21 (1.22to0 8.48)
—t— Oger*? 4.26 (1.861t09.77)
—— | Glover®® 0.56 (0.20to 1.54)
__._i_ I Glover® 1.30 (0.69 to 2.44)
—— Criado3® 2.96 (1.77 t0 4.93)
4| Criado3® 1.91 (1.32t02.77)
e Lee® 4.48 (1.95to 10.29)
[
'K>|' Random effects model
Pooled positive LR = 2.61 (2.03 to 3.36)
Cochran-Q = 34.72; df = 16 (p = 0.0043)
0.0l | 100.00
FIGURE 37 Positive likelihood ratios: malignancy
Negative LR Negative LR (95% CI)
H Vines’ 0.79 (0.67 to 0.93)
s Prandoni®' 0.88 (0.81 to 0.94)
i Truijillo-Santos® .00 (0.88to 1.14)
-Q-I‘ Wells>8 0.67 (0.57 to 0.78)
- Constans® 0.96 (0.89to 1.02)
-o!! Constans* 0.74 (0.6 t0 0.89)
¢ Anderson?' 0.93 (0.83 to 1.03)
o Molloy*® 0.88 (0.75to 1.03)
- Landefeld*4 0.88 (0.77 to 1.00)
e Kahn*? 0.91 (0.82to 1.0I)
-9 Johanning*! 0.82 (0.64 to 1.05)
. Oger*’ 0.82 (0.75 to 0.90)
0 Glover®® 1.02 (0.99 to 1.04)
e Glover?? 0.99 (0.9 to 1.02)
4 Criado3® 0.84 (0.74 to 0.95)
. Criado38 0.89 (0.81 to 0.97)
b Lee* 0.87 (0.78 to 0.97)
I
'U' Random effects model
Pooled negative LR = 0.88 (0.83 to 0.94)
Cochran-Q = 173.06; df = 16 (p = 0.0000)
0.01 |

FIGURE 38 Negative likelihood ratios: malignancy
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Positive LR Positive LR (95% CI)
L:.— Vines? 2.57 (1.80 to 3.88)
—‘—- Prandoni®' 1.63 (1.15to0 2.31)
—lo 1! Trujillo-Santos’®  1.14 (0.73 to 1.80)
Lo Wells58 2.41 (1.55to 3.75)
——te— Constans® 2.97 (1.08to8.18)
—+—o— Constans3* 3.14 (1.37 to 7.20)
+—o— Anderson?' 2.58 (1.52 to 4.40)
1 Johanning®! 1.24 (0.06 to 24.90)
T Molloy*® 1.46 (0.68to 3.12)
—— Landefeld*4 1.75 (1.17 to0 2.61)
1l — Kahn*2 257 (1.43 to 4.62)
1ol Oger®? 1.45 (0.95 to 2.22)
— T Glover®® 1.42 (0.41 to 4.93)
T Glover® 2.13 (0.88t05.17)
[
Ikyl Random effects model
Pooled positive LR = 1.93 (1.63 to 2.28)
Cochran-Q = 16.43; df = 13 (p = 0.2267)
0.0l I 100.00
FIGURE 39 Positive likelihood ratios: recent immobilisation
Negative LR Negative LR (95% CI)
Vine®’ 0.39 (0.25to 0.62)
Prandoni®' 0.87 (0.79 t0 0.97)
Truijillo-Santos>  0.89 (0.6 to 1.30)
Wells®8 0.84 (0.75 to 0.95)
Constans® 0.93 (0.86to 1.01)
Constans3* 0.89 (0.80 to 0.99)
Anderson3! 0.78 (0.64 to 0.96)
Johanning*! 1.00 (0.93 to 1.07)
Molloy*® 0.90 (0.73to 1.12)
Landefeld*4 0.77 (0.62 to 0.96)
Kahn*? 0.83 (0.73 to 0.96)
Oger®® 0.88 (0.77to 1.01)
Glover3® 0.99 (0.97 to 1.02)
Glover® 0.99 (0.97to 1.0I)
Random effects model
Pooled negative LR = 0.89 (0.83 to 0.95)
Cochran-Q = 176.62; df = 13 (p = 0.0000)
0.0l | 100.00

FIGURE 40 Negative likelihood ratios: recent immobilisation
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Positive LR Positive LR (95% CI)
E —5—0— Vine®’ 3.50 (1.881to 6.52)
———— Prandoni®' 1.53 (0.75t0 3.12)
—et | Trujillo-Santos®>  0.78 (0.34 to 1.78)
—ttot— Wells®8 1.63 (0.80 to 3.33)
——— Constans3® 2.29 (1.05 to 4.98)
——f—+— Constans3* 1.67 (0.74to 3.77)
—T——— Anderson3! 3.62 (1.41t09.32)
T Molloy*® 1.63 (0.88 to 3.02)
- Kahn*? 1.55 (1.10to 2.18)
® Johanning*! 0.64 (0.16 to 2.55)
1 le— Glover®® 241 (1.22t0 4.76)
I Glover3? 0.94 (0.71 to 1.26)
| —o— Criado3® 2.47 (1.53t03.98)
|—ot Criado3® 1.88 (1.44to 2.44)
g Random effects model
Pooled negative LR = 1.72 (1.35 to 2.19)
Cochran-Q = 33.31; df = 13 (p = 0.0015)
0.01 | 100.00
FIGURE 41 Positive likelihood ratios: recent surgery
Negative LR Negative LR (95% CI)
Vine®’ 0.66 (0.5 to 0.84)
Prandoni®' 0.97 (0.92to 1.02)
Truijillo-Santos®>  1.06 (0.86 to 1.31)
Wells>8 0.96 (0.90to 1.03)
Constans3® 0.92 (0.83to 1.01)
Constans3* 0.95 (0.86 to 1.04)
Anderson3! 0.90 (0.80to 1.01)
Molloy*® 0.81 (0.62to 1.07)
Kahn*? 0.78 (0.63 to 0.98)
Johanning*' 1.06 (0.91 to 1.24)
Glover®® 0.96 (0.93 to 1.00)
Glover3® 1.01 (0.95 to 1.07)
Criado3® 0.84 (0.74to 0.96)
Criado3® 0.80 (0.70 to 0.90)
Random effects model
Pooled negative LR = 0.93 (0.88 to 0.97)
Cochran-Q = 40.69; df = 13 (p = 0.0001)
0.01 | 100.00

FIGURE 42 Negative likelihood ratios: recent surgery
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Positive LR
i I Positive LR (95% CI)
& Prandoni® 0.92 (0.58 to 1.45)
- Oger*? 1.03 (0.59 to 1.78)
I Criado3® 1.43 (0.66 to 3.10)
—i._l_ Criado3® 0.93 (0.37 to 2.38)
! ! Random effects model
k>‘ Pooled positive LR = 1.02 (0.75 to 1.38)
Cochran-Q = 0.97; df = 3 (p = 0.8096)
0.0l | 100.00
FIGURE 43 Positive likelihood ratios: obesity
Negative LR
Negative LR (95% ClI)
Prandoni®! 1.02 (0.94to 1.10)
Oger*? .00 (0.90to I.10)
Criado3® 0.97 (0.90 to 1.05)
Criado3® 1.00 (0.97 to 1.04)
Random effects model
Pooled negative LR = 1.00 (0.97 to 1.03)
Cochran-Q = 0.79; df = 3 (p = 0.8530)
0.0l | 100.00
FIGURE 44 Negative likelihood ratios: obesity
Positive LR Positive LR (95% ClI)
»- | Pini°° 1.53 (1.27 to 1.86)
< | Constans? 1.40 (1.18to 1.66)
|———— Richards®? 3.15 (1.60to 6.21)
o7 | Lindqvist* .14 (0.81 to 1.60)
i—?— Johanning*! 2.14 (1.45t03.17)
. e Criado3® 227 (1.86to02.77)
:—.E— Criado3® 2.02 (1.55to 2.62)
'K>l' Random effects model
Pooled positive LR = 1.76 (1.43 to 2.18)
Cochran-Q = 26.60; df = 6 (p = 0.0002)
0.0l | 100.00

FIGURE 45 Positive likelihood ratios: difference in calf diameter
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Negative LR Negative LR (95% ClI)
o I | Pini®0 0.07 (0.02 to 0.30)
—+o—+ Constans? 0.48 (0.30t0 0.78)
= Richards®? 0.73 (0.60 to 0.89)
— Lindquist*¢ 0.68 (0.25 to 1.85)
—e— Johanning®! 0.48 (0.26 to 0.90)
—— Criado3® 0.36 (0.23t0 0.57)
: —c}- Criado® 0.66 (0.53t00.82)
i ~ | Random effects model
Pooled negative LR = 0.51 (0.37 to 0.71)
Cochran-Q = 23.92; df = 6 (b = 0.0005)
0.0l I 100.00
FIGURE 46 Negative likelihood ratios: difference in calf diameter
Positive LR — Positive LR (95% ClI)
e Haeger*° 1.54 (0.71 to 3.36)
—o— Prandoni® 1.27 (0.98 to 1.65)
H e — Trujillo-Santosss  1.64 (0.94 to 2.87)
el Pini%0 138 (0.82 to 2.34)
e Molloy*8 1.10 (0.36to 3.38)
—e—— Lindqvist* 0.75 (0.33to 1.67)
o+ Kahn*? 1.36 (1.02 to 1.80)
—To— Cranley?’ 1.18 (0.76 to 1.84)
i -,—0— Richards®2 2.68 (1.52t04.72)
e Cooperman3® 2.33 (1.20to 4.52)
— Vaccaro®® 0.84 (0.34t02.10)
kﬂl Random effects model
Pooled positive LR = 1.40 (1.18 to 1.66)
Cochran-Q = 12.49; df = 10 (p = 0.2537)
0.0l I 100.00
FIGURE 47 Positive likelihood ratios: Homan'’s sign
Negative LR : Negative LR (95% CI)
_U_ Haeger#0 0.85 (0.63to |.14)
ol Prandoni®' 0.88 (0.77 to 1.02)
—e Trujillo-Santos®>  0.71 (0.51 to 0.98)
-o Pini®0 0.87 (0.70 to 1.08)
Iy Molloy8 0.99 (0.86to I.14)
Hre— Lindquist*é 1.16 (0.77 to 1.76)
A Kahn*2 0.78 (0.60to 1.01)
—ot| Cranley®’ 0.87 (0.62to 1.24)
—Ot Richards®2 0.69 (0.55to 0.87)
N Cooperman3® 0.69 (0.48to 1.01)
] Vaccaro®® 1.02 (091 to I.14)
'U' Random effects model
Pooled negative LR = 0.87 (0.79 to 0.96)
Cochran-Q = 21.37;df = 10 (p = 0.0186)
0.0l I 100.00

FIGURE 48 Negative likelihood ratios: Homan'’s sign
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Positive LR Positive LR (95% ClI)
Prandoni®' 1.07 (0.89 to 1.28)
Truijillo-Santos® 1.1l (0.88 to 1.38)
Pini* 1.09 (0.73 to 1.63)
—e— | Constans3® 0.53 (0.29 to 0.98)
|—o— Constans* 1.75 (1.22to 2.51)
. Kahn*2 144 (1.18to 1.76)
o — Cooperman?® 435 (1.68to 11.24)
el Vaccaro® 127 (0.74t0 2.18)
I 1 o — Richards>2 2.50 (1.32to04.73)
e Molloy*® 1.99 (0.35to 11.38)
—teot— Sandler>* 1.38 (0.87 to 2.20)
[
i<>i Random effects model
Pooled positive LR = [.31 (1.08 to 1.60)
Cochran-Q = 28.74; df = 10 (p = 0.0014)
0.01 100.00
FIGURE 49 Positive likelihood ratios: warmth
Negative LR Negative LR (95% ClI)
Prandoni®' 0.93 (0.76 to 1.13)
Trujillo-Santos®>  0.68 (0.31 to 1.49)
: Pinis 0.94 (0.71 to 1.25)
e Constans® 1.17 (1.03to 1.32)
& Constans 0.75 (0.60 to 0.94)
—oL| Kahn*2 0.57 (0.39 to 0.84)
—e- Cooperman3® 0.71 (0.52to 0.96)
He- Vaccaro®¢ 0.92 (0.76to 1.12)
-9 Richards®2 0.77 (0.63 to 0.94)
4 Molloy8 0.96 (0.88 to 1.06)
—O—i—i— Sandler>* 0.58 (0.28 to 1.22)
|| Random effects model
K Pooled negative LR = 0.85 (0.75 to 0.98)
Cochran-Q = 39.08; df = 10 (p = 0.0000)
0.01 | 100.00

FIGURE 50 Negative likelihood ratios: warmth
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Positive LR

:lf F§:+__

i

&
R J

<

0.0l |

Haeger*0
Prandoni®'
Pini*?
Constans3®
Constans3*
Molloy*8
Lindqvist*
Kahn*?
Cranley?”
Richards®2
Cooperman
Vaccaro®®

36

Positive LR (95% CI)

1.14
1.08
1.36
.17
1.51
1.19
0.79
1.05
1.14
2.13
1.68
0.99

Random effects model
Pooled positive LR = 1.18 (1.06 to 1.32)

Cochran-Q = 25.37; df = || (p = 0.0080)

(0.09 to 1.44)
(0.95 to 1.23)
0.96 to 1.91)
(0.99 to 1.38)
(1.01 to 2.25)
(0.72 to 1.96)
(0.52 to 1.20)
(0.92 to 1.20)
(0.94 to 1.37)
(1.46 t0 3.12)
(1.18 t0 2.39)
(0.76 to 1.28)

FIGURE 51 Positive likelihood ratios: tenderness

Negative LR

J

i

<

0.01 |

Haeger*0
Prandoni®'
Pini®0
Constans®
Constans3*
Molloy*®
Lindqvist*
Kahn*2
Cranley?’
Richards>®?
Cooperman
Vaccaro®®

36

Negative LR (95% CI)

0.59
0.85
0.73
0.68
0.84
0.90
1.60
0.82
0.65
0.54
0.47
1.02

Random effects model
Pooled negative LR = 0.78 (0.69 to 0.89)

Cochran-Q = 13.71; df = || (p = 0.2495)

(0.22 to 1.56)
(0.65to 1.12)
(0.52 to 1.03)
(0.43 to 1.07)
(0.69 to 1.02)
(0.65 to 1.23)
(0.69 to 3.68)
(0.47 to 1.43)
(0.34t0 1.22)
(0.38 t0 0.76)
(0.23 t0 0.95)
(0.68 to 1.52)

FIGURE 52 Negative likelihood ratios: tenderness
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Positive LR Positive LR (95% CI)
e Vine? 2.10 (1.28t0 3.43)
I i Prandoni®' 1.10 (0.90 to 1.33)
i Truijillo-Santos®>  0.94 (0.63 to 1.40)
————— Cooperman3® 2.80 (1.04to 7.49)
—T1T— Vaccaro®® .21 (0.56 to 2.61)
o Kahn*? 1.34 (0.99to 1.81)
I
! Random effects model
< Pooled positive LR = 1.30 (1.02 to 1.67)
Cochran-Q = 10.63; df = 5 (p = 0.0591)
0.01 100.00
FIGURE 53 Positive likelihood ratios: erythema
Negative LR Negative LR (95% CI)
Vine®’ 0.71 (0.54t0 0.92)
Prandoni®' 092 (0.76 to I.11)
Truijillo-Santos®>  1.07 (0.69 to 1.64)
Cooperman3® 0.82 (0.63 to 1.05)
Vaccaro®® 0.97 (0.85to I.11)
Kahn*2 0.81 (0.64to 1.04)
Random effects model
Pooled negative LR = 0.88 (0.80 to 0.98)
Cochran-Q = 6.30; df = 5 (p = 0.2780)
0.01 I 100.00
FIGURE 54 Negative likelihood ratios: erythema
Positive LR Positive LR (95% ClI)
T
-1 Haeger 0.98 (0.76 to 1.28)
e | Prandoni®' 0.97 (0.89 to 1.06)
—jo-+— Trujillo-Santos®  1.16 (0.78 to 1.72)
—o— Constans3® 1.46 (1.00to2.12)
l—e— Constans* 222 (1.51t03.27)
—9! Kahn*? 1.03 (0.75 to 1.42)
—e—! Lindqvist*® 0.96 (0.62to 1.47)
—ol | Richards®2 0.84 (0.57 to 1.22)
—Ib— Sandler> 1.45 (1.06 to 1.97)
T Molloy*® 1.59 (0.91 to 2.78)
|
! Random effects model
S Pooled positive LR = 1.18 (0.99 to I.41)
Cochran-Q = 32.10; df = 9 (p = 0.0002)
0.01 100.00

FIGURE 55 Positive likelihood ratios: oedema
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Negative LR Negative LR (95% Cl)
T
— Haeger 0 1.05 (0.46 to 2.41)
—eo— Prandoni®' .17 (0.77 to 1.77)
—o- Truijillo-Santos>  0.84 (0.54 to 1.30)
o Constans® 0.84 (0.69to 1.02)
-o- Constans* 0.70 (0.56 to 0.87)
~e Kahn*2 0.98 (0.78to 1.22)
— Lindqvist*6 1.08 (0.50to2.31)
o RichardsS2 115 (0.86 to 1.53)
° : Sandler>* 0.10 (0.0l t0 0.78)
—o Molloy*® 0.79 (0.59 to 1.06)
i
E Random effects model
00 Pooled negative LR = 0.89 (0.77 to 1.03)
Cochran-Q = 15.58; df = 9 (p = 0.0761)
0.0l | 100.00
FIGURE 56 Negative likelihood ratios: oedema
Positive LR Positive LR (95% Cl)
I I
| Mironé 10.59 (5.87 to 19.09)
—e— | | Arrivé®0 1.94 (1.20to 3.13)
I Wells58 15.44 (9.48 to 25.13)
—e—L ! D'Angelo®’ 2.66 (1.56 to 4.55)
—e— Constans?® 6.47 (3.89 to 10.74)
e Constans?® 5.85 (3.71 t0 9.23)
—e | Constans®* 3.23 (2.17 t0 4.82)
i—o:r Anderson3! 6.38 (4.01 to 10.15)
L e Wells® 16.16 (9.26 to 28.22)
—— Cornuz® 4,78 (2.78 t0 8.22)
- Ruiz-Giménez’? 2.60 (2.07 to 3.26)
— Kilroy”2 6.72 (2.57 to 17.59)
e Bozic”' 4.50 (2.48 to 8.15)
—e— Lennox’® 6.70 (3.96 to 11.32)
e Borg®8 11.92 (3.95 to 35.98)
e Wellsé? 8.36 (3.86 to 18.06)
—— | Flinfsninn®® 3.25 (1.92t0 5.51)
—T—— Bucek®® 9.29 (3.54 to 24.36)
—e— i Dryjskié* 1.86 (1.34 to 2.57)
g Kraaijenhagen®? 5.82 (4.79 to 7.07)
——— Shields®! 7.23 (3.20to 16.31)
| |
P
i<>|' Random effects model
Pooled positive LR = 5.41 (4.07 to 7.19)
Cochran-Q = 157.45; df = 20 (p = 0.0000)
0.01 [ 100.00

FIGURE 57 Wells score: likelihood ratio of a high risk score
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Positive LR Positive LR (95% ClI)
T T

S Mironé 0.12 (0.05 to 0.32)

. Arrivéso 041 (0.13to0 1.27)

— e Wells®8 0.16 (0.09 to 0.30)

o — D'Angelo® 0.18 (0.02to 1.25)

— Constans3® 0.23 (0.10 to 0.50)

—— Constans3® 0.30 (0.20 to 0.46)

—Ho— Constans3 0.33 (0.16t0 0.69)

—— Anderson?! 0.22 (0.10 to 0.46)

—e—— Wells8 0.16 (0.10 to 0.26)

—— Cornuz®3 0.35 (0.21 to 0.58)

—— Ruiz-Giménez’®  0.33 (0.22 to 0.49)

| —— Kilroy”2 0.40 (0.25 to 0.66)

e Bozic’' 0.11 (0.04 to 0.35)

— Lennox’® 0.16 (0.06 to 0.41)

° — Borgt8 0.09 (0.02 to 0.36)

— Wellsé? 0.30 (0.13 to 0.69)

K o — Fiinfsninn®® 0.04 (0.00 to 0.73)

—r— Bucek®s 0.23 (0.09 to 0.60)

e Dryjski¢* 0.58 (0.04 t0 9.12)

o+ Kraaijenhagen®?  0.26 (0.21 to 0.32)

*—— Shields®' 0.12 (0.02 to 0.84)
[
i

'<>' Random effects model
Pooled positive LR = 0.25 (0.21 to 0.29)
Cochran-Q = 25.19; df = 20 (p = 0.1941)
0.01 | 100.00

FIGURE 58 Wells score: likelihood ratio of a low risk score

Positive LR Positive LR (95% CI)
i i
; —+—p| Miron 195.55 (12.10 to 3160.81)
—o— i Arrivé®0 1.54 (1.06 to 2.22)
i —— | Wells”> 8.01 (5.35 to 12.00)
| —e— i Cornuz®? 4.08 (2.65 to 6.29)
I I
i i
B Random effects model
Pooled positive LR = 5.56 (1.86 to 16.65)
Cochran-Q = 51.64; df = 3 (p = 0.0000)

0.0l I 100.00

FIGURE 59 Empirical clinical probability: likelihood ratio of a high estimate

Positive LR Positive LR (95% CI)
I I
K ° ' | Miron’® 0.05 (0.0l to 0.34)
: o Arrivé®0 0.29 (0.04to2.14)
—e— | Wells” 0.16 (0.09 to 0.26)
| — e Cornuz®3 0.35 (0.20 to 0.62)
I I
i i
_ Random effects model
Pooled positive LR = 0.20 (0.10 to 0.41)
Cochran-Q = 7.08; df = 3 (p = 0.0694)
0.0l | 100.00
FIGURE 60 Empirical clinical probability: likelihood ratio of a low estimate 125
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Appendix 3

Sensitivity Sensitivity (95% Cl)
—H—i‘ Cini'é® 1.00 (0.90 to 1.00)

° b Gosselin's® 0.83 (0.66 to 0.93)
—Q—i—i— Gosselin'®® 0.89 (0.73 t0 0.97)
——————@++— | Gosselin's? 091 (0.77 to 0.98)
—e— 1! Mayer!s7 0.85 (0.76 t0 0.92)
—19— | Leroyer's 0.94 (0.89 to 0.98)

———+—@| Elias/** 0.98 (0.88 to 1.00)
——He—| Legnani'*® 0.97 (0.85 to 1.00)
—————@—11— | Gosselin'* 0.91 (0.78t00.97)
—_— Gosselin'® 0.88 (0.75 to 0.96)
L9 Bozic”! 1.00 (0.93 to 1.00)

— Bozic”' 1.00 (0.93 to 1.00)

—1——@ Rowbotham'# 1.00 (0.92 to 1.00)

—— 1L 9 Heaton'* 1.00 (0.86 to 1.00)
——++—@—| Ott'# 0.97 (0.87 to 1.00)
—ﬁ—o— Oott'# 0.97 (0.87 to 1.00)
————————@——| Bounameaux'?  0.95 (0.76 to 1.00)
— Chapman'*! 0.89 (0.73 t0 0.97)
——@- Mossaz'® 0.98 (0.92 to 1.00)

—— 14— Boneu™ 0.94 (0.80 to 0.99)
——+H——@ Chang-Liem'?’ 1.00 (0.86 to 1.00)
—0# Kroneman'3* 0.92 (0.81 t0 0.97)

| 1—® Heijboer'3* 1.00 (0.95 to 1.00)

—+H——@ Heijboer'* 1.00 (0.90 to 1.00)

L T Carter'32 0.83 (0.67 to 0.94)
——@— | Hansson" 0.94 (0.83to 0.99)
——+H—e—| Dale!® 0.98 (0.87 to 1.00)
———®—| Dale'® 0.95 (0.83 t0 0.99)
——+@—| Tengborn'? 0.97 (0.85 to 1.00)
—.—H Brenner!'2¢ 0.86 (0.73t0 0.94)
——————&— | Gavaud'® 0.92 (0.75 to 0.99)
— 0| DAngelo® 0.95 (0.77 to 1.00)
——oL— | Elias™ 0.93 (0.85to 0.98)

—r1——| Elias'® 0.97 (0.91 to 1.00)

——e— | Elias'* 0.93 (0.85t0 0.98)

—LL o Elias' 0.97 (0.91 to 1.00)

—@+— | Elias' 0.93 (0.85 to 0.98)

- & Elias'2# 0.80 (0.69 to 0.88)
I __@ Janssen'? 1.00 (0.96 to 1.00)

“++—@—| Janssen'? 0.98 (0.92 to 1.00)

- et | Borg® 0.91 (0.75t0 0.98)
— | Borg® 0.94 (0.79 t0 0.99)
———He— | Killick'2 0.95 (0.84 to 0.99)

—e- Leroyer'?! 0.93 (0.89 to 0.96)

ey Leroyer'?! 0.92 (0.881to 0.95)
———@—++— | Scarano'?® 0.90 (0.73 to 0.98)

4ﬁ— Scarano'2° 0.93 (0.78t0 0.99)
120

———=@ Scarano 1.00 (0.88 to 1.00)

—+H—@ Janssen''® 1.00 (0.90 to 1.00)
——1® | Legnani'' 0.95 (0.83t00.99)
——@— | Legnani''® 0.95 (0.84to0 0.99)
——He—| Legnani''¢ 0.95 (0.84 to 0.99)
———r@—| Legnani'"® 0.95 (0.84 to 0.99)

— ¢ Kozman'" 1.00 (0.79 to 1.00)
—LL e[ Guazzaloca''* 0.97 (0.85 to 1.00)
———7®—| Khaira'"! 0.97 (0.82to 1.00)
—e Escoffre Barbe'®  0.93 (0.89 to 0.96)
—e—1L Lindahl'®” 0.90 (0.79 to 0.96)
B Wijns!0¢ 0.88 (0.71 to 0.96)
° I Wijns!0% 0.81 (0.64t00.93)
— L | Wijns'® 0.91 (0.75 to 0.98)
—++—e-| Le Blanche'® 0.98 (0.90 to 1.00)

— 11 | Legnani'® 0.97 (0.87 to 1.00)
—!!0— Legnani'® 0.97 (0.87 to 1.00)
—————er+— | Wahlander'® 0.92 (0.79t0 0.98)
—LL——@ Wahlander'® 1.00 (0.91 to 1.00)
————e— | Wahlander'® 0.92 (0.79 to 0.98)
————+®— | Wahlander'® 0.95 (0.82to 0.99)
o—-L Scarano'® 0.90 (0.68 to 0.99)
——LL e Sadouk®® 097 (0.85 to 1.00)

— +e— | Trujilo-Santos®  0.96 (0.88 to 0.99)
————@| van der Graaf”’/ 0.98 (0.89 to 1.00)
@ van der Graaf”’ 1.00 (0.93 to 1.00)
——+é—— | van der Graaf”’ 0.94 (0.83 t0 0.99)

+0— van der Graaf”’ 0.98 (0.89 to 1.00)

@ van der Graaf”’ 1.00 (0.92 to 1.00)
————®— | vanderGraa’ 094 (0.82t00.99)
——eo—— | Vila® 0.90 (0.80 to 0.96)
— +@—| LaCapra® 0.95 (0.75 to 1.00)
—H—e—| Bradley* 0.98 (0.88 to 1.00)
° 1 Hein-Rasmussen®’  0.50 (0.21 to 0.79)
—_——— Gosselin®® 0.80 (0.65t00.91)
——eo—1L | Gosselin® 0.88 (0.74 t0 0.96)
—— 17— Shitrit®’ 1.00 (0.88 to 1.00)
++——@ Fiinfsinn® 1.00 (0.92 to 1.00)
—Lle—| Fiinfsinn® 0.96 (0.85 to 0.99)
—++—0—| Cornuz® 0.97 (0.90 to 1.00)
S ] Larsen®' 0.63 (0.48 t0 0.77)
———e— | Larsen® 0.90 (0.78t0 0.97)
——— et | Arrivé® 0.91 (0.76 t0 0.98)

E Walsh7® 0.94 (0.73 to 1.00) FIGURE 61

L} - N
Pooled sensitivity = 0.94 (0.93 to 0.94) D-dimer: SenSItIVIty
X2 = 251.67; df = 90 (p = 0.0000) of ELISA for all DVT
0 02 04 06 08 10 In symptomatic

126 patients



Health Technology Assessment 2006; Vol. 10: No. |5

Specificity Specificity (95% Cl)
T
e Cini'60 047 (0.36 t0 0.58)
P R Gosselin!s? 070 (061 t00.78)
—_— 1+t Gosselin'>? 0.40 (0.31 to 0.50)
—_— Gosselin'*? 0.40 (0.31 to 0.50)
. ———— Mayer!s? 0.65 (0.56t00.73)
— [ Leroyer!s® 0.31 (0.24 t0 0.39)
—_—— | Elias'> 0.29 (0.18t00.43)
— ® Legnani'# 0.55 (0.23 to 0.83)
[N — Gosselin'¢ 0.63 (0.57 to 0.69)
—— i i Gosselin' 0.26 (0.21 t0 0.31)
i —_—e— Bozic’' 0.78 (0.68 to 0.87)
11 e Bozic”! 0.73 (0.63 t0 0.83)
—0# Rowbotham 45 0.39 (0.27 t0 0.53)
—® Heaton ' 0.47 (0.30to 0.65)
I — e Ot 0.62 (0.50to 0.74)
| J'_ —_———— o' 0.65 (0.53 t0 0.76)
—@ Bounameaux'2  0.47 (0.29 to 0.65)
! ! B Chapman'*! 0.68 (0.56 to 0.79)
e L Mossaz!10 0.06 (0.01t00.17)
—_— Boneu'¥ 0.51 (0.40 to 0.62)
® L Chang-Liem'¥ 029 (0.04t00.71)
— 11 Kroneman'3® 0.21 (0.15t00.28)
e " Heijboer!3 029 (0.23t00.35)
———— I Heijboer!3* 0.23 (0.16t00.31)
11 —— Carter'3? 0.80 (0.73 to 0.86)
v @ Hansson'3! 0.60 (0.46 to 0.72)
o ! Dale'® 0.38 (0.25 t0 0.53)
————— || Dale!® 0.25 (0.14t0 0.39)
—_————— Tengborn'? 0.48 (0.35to 0.62)
LY Brenner!2 0.47 (0.30 to 0.65)
e Gavaud'? 0.43 (0.251t0 0.63)
—_—p D'Angelo®® 0.44 (0.33t0 0.56)
——— i Elias'2¢ 0.19 (0.12t0 0.29)
———— 11 Elias'2* 0.22 (0.14t00.32)
—— || Elias'2 0.30 (0.21 to 0.40)
e " Elias'2* 0.26 (0.181t00.36)
——+ Elias'2¢ 0.36 (0.27 to 0.47)
—— Elias'2* 0.38 (0.28 to 0.48)
—_— Vo Janssen'? 0.19 (0.08to 0.33)
@ +—+ Janssen'? 0.36 (0.22t0 0.52)
i ® Borg®® 0.59 (0.43 to 0.74)
@ Borgt® 0.52 (0.37t0 0.68)
® i Killick'22 022 (0.11t00.38)
—— Leroyer'?! 0.35 (0.28to 0.42)
—— Leroyer'?! 0.37 (0.30 to 0.44)
I e Scarano'2® 0.80 (0.71 to 0.88)
1 ——@— | Scarano'® 0.94 (0.87 to 0.98)
[ —_— Scarano'2 0.80 (0.71 to 0.88)
O L Janssen!1® 0.34 (0.19t00.52)
1 ° Legnani''é 0.76 (0.59 to 0.88)
o—— Legnani''® 0.39 (0.24t0 0.57)
! ! L Legnani''® 0.59 (0.42t0 0.74)
— ® Legnani''é 0.55 (0.38t0 0.71)
—t @ Kozman''® 0.59 (0.44t00.73)
- ° Guazzaloca''* 0.68 (0.45 to 0.86)
—+— Khaira!!! 0.40 (0.26 to 0.55)
— i i Escoffre Barbe'®  0.36 (0.29 to 0.43)
- —_— Lindahl'? 0.62 (0.52t00.72)
ol —i Wijns!0 0.31 (0.18t0 0.47)
i ° Wijns!0¢ 0.67 (0.50 to 0.80)
L — Wijns'0 0.31 (0.18t0 0.47)
—o— 11 Le Blanche'® 0.05 (0.02t00.12)
i i —_—— Legnani'®® 0.82 (0.70 to 0.90)
o —_——— Legnani'® 0.82 (0.70 to 0.90)
I — Wahlander!? 0.63 (0.49 to 0.76)
—e— 1 Wahlander 02 0.32 (0.20 to 0.45)
L Wahlander'%? 0.56 (0.42 to 0.69)
———+— Wahlander'®2 039 (0.26t0 0.52)
11 L Scarano'® 0.64 (0.49t0 0.77)
— Sadouk®® 0.40 (0.32to 0.48)
® L Trujillo-Santos®®  0.33 (0.17 to 0.53)
® T van der Graaf®”’ 0.31 (0.18 to 0.45)
o van der Graaf®”’ 0.41 (0.27 to 0.56)
h * van der Graaf”’  0.63 (04810 0.77)
@+t van der Graaf”’ 0.42 (0.28t0 0.58)
° Lt van der Graaf®”’ 0.36 (0.22t00.51)
Il ® van der Graaf””  0.62 (0.47 to 0.76)
— ® Villa% 0.58 (0.37t00.78)
@o— LaCapra® 0.43 (0.26 t0 0.61)
B S Bradley® 052 (0.42t00.63)
+—t @ Hein-Rasmussen®  0.58 (0.28 to 0.85)
i i—‘— Gosselin®® 0.55 (0.47 to 0.63)
—— . Gosselin® 0.25 (0.19t00.33)
— 11 Shitrit®” 0.25 (0.16t0 0.36)
i i L 4 Fiinfsinn® 0.53 (0.39 to 0.66)
o ——— Fiinfsinn®¢ 0.61 (0.47t00.73)
—e—— 11 Cornuz®? 0.30 (0.23t00.38)
i —_— Larsen®! 0.67 (0.54t0 0.78)
—_—err———— Larsen®! 0.42 (0.30to 0.55)
—— Arrivés® 0.45 (0.36 to 0.55)
e Walsh’™ 034 (0.23 t0 0.47) FIGURE 62
[ o .
O Pooled specificity = 0.45 (0.44 to 0.46) D-dimer: spec:ﬁc:ty
X2 = 1153.08; df = 90 (p = 0.0000) of ELISA for all DVT
0 02 0.4 06 08 1.0 in symptomatic
patients 127
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Appendix 3

Sensitivity Sensitivity (95% Cl)

Gosselin'>? 0.97  (0.85to 1.00)
Gosselin'>® 0.97  (0.85 to 1.00)
Miranda'®® 1.00  (0.29 to 1.00)
Lourdes'3> 0.91  (0.80to 0.98)
Elias'> 0.98 (0.88 to 1.00)
Pini's2 078  (0.72 t0 0.84)
Legnani'>! 0.97  (0.85to 1.00)
Crippa'*? 0.99  (0.94to 1.00)
Legnani'® 1.00  (0.90 to 1.00)
Lindahi'4 0.95 (0.89to 0.98)
Bozic”! 100 (0.93 to 1.00)
Bozic”! 100 (0.93 to 1.00)
Bozic’' 0.98  (0.90 to 1.00)
Heaton'# 0.73  (0.52t0 0.88)
Ot 090 (076 to 0.97)
° Ott! 0.67 (0.50t00.81)
Bounameaux'# 0.76  (0.53t00.92)
Boneu'?® 0.76  (0.59 to 0.89)
@ de Boer'3® 0.48 (0.26 t0 0.70)
Chang;LiemI37 0.96  (0.80to 1.00)
Grau'’s 087  (0.66 to 0.97)
Ibrahim'33 0.72  (0.55to 0.85)
Carter'® 081 (0.641t00.92)
Hansson'3! 0.94 (0.83t00.99)
i Hansson'3! 0.73  (0.581t0 0.85)
i i Dale'3® 0.72  (0.56 to 0.85)
L g I Tengborn'? 0.58  (0.41 to 0.74)
L I Bouman'? 0.69  (0.55to 0.80)
® I Brenner'2 0.80  (0.66 to 0.90)
—_—— i i Elias'?* 0.73  (0.62t0 0.83)
i1 —@ Janssen''® 0.99  (0.94to 1.00)
—_—e— || Janssen''® 0.77  (0.67 to 0.86)
TT——@ Legnani''® 0.98  (0.87 to 1.00)
—i—i—.— Legnani''® 0.95  (0.84 t0 0.99)
——@®—| Legnani''® 0.95 (0.84t00.99)
| l———@{ Knech'" 0.98 (0.91 to 1.00)
| —e= Escoffre-Barbe'®? 0.95 (0.91 t0 0.97)
—i—i—‘— Lindahi'? 0.95 (0.86to0 0.99)
———®—| Lengani'® 0.97  (0.87 to 1.00)
—_—— Wahlander'2 089 (0.75t00.97)
o — Wahlander'0? 0.82  (0.66 to 0.92)
— Carter'0! 084 (0.72100.92)
® T Scarano'%® 0.80  (0.56 to 0.94)
— & | Sadouk® 092 (0.781t00.98)
i Sadouk® 083 (0.67 to 0.94)
———®—| vander Graaf”’ 0.96  (0.86 to 1.00)
i\« —® van der Graaf®’ 1.00  (0.93 to 1.00)
—— van der Graaf®’ 0.90 (0.78t0 0.97)
L2 ] van der Graaf®’ 0.80  (0.66 to 0.90)
—— van der Graaf®”’ 0.89  (0.77 to 0.96)
L 4 T van der Graaf®’ 0.77  (0.62t0 0.88)
I —@{ Villa% 0.98 (0.91 to 1.00)
——T 1 —®—| Gosselin® 0.95 (0.83t00.99)
1——e—| Bates® 097  (0.89 to 1.00)
——@— | Harper®® 0.94 (0.84t00.99)
o Shitrit®” 0.86  (0.68 to 0.96)
————® Shitrit¥ 100 (0.85 to 1.00)
?‘ Shitrit®” 0.89 (0.71 to 0.98)
———® Fiinfsinn® 0.98 (0.89 to 1.00)
=@ Fiinfsinn®® 0.98 (0.89 to 1.00)
& Bucek®s 0.89  (0.73t0 0.97)
’ i Bucek®® 0.89 (0.73t00.97)
—— . Siragusa®® 0.77  (0.68 to 0.85)
= ® Bucek® 1.00  (0.16 to 1.00)
|1 —® | Schutgens® 0.98  (0.96 to 1.00)
—i—i—.— Shitrit®? 094 (0.81 t0 0.99)
— Larsen®! 0.88  (0.75t0 0.95)
——++—@—{ Johanning*! 0.95  (0.77 to 1.00)
P! Arrivés0 082  (0.65 0 0.93)
—i—‘—.— Arrivé®0 0.97 (0.84 to 1.00)
—1 | Arrive® 091  (0.76 t0 0.98)
@ — Arrivés0 0.85  (0.68to 0.95)
—++e— | Bucek® 093  (0.85 to 0.98)
_;—;_.— Bucek”® 095 (0.83t00.99)

IK)I Pooled sensitivity = 0.89 (0.88 to 0.90)

X2 = 402.93; df = 73 (p = 0.0000)
0 0.2 0.4 0.6 0.8 1.0

FIGURE 63 D-dimer: sensitivity of latex assay for all DVT in symptomatic patients
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Specificity Specificity (95% Cl)
[

— L Gosselin'>? 0.34  (0.26 to 0.44)
— Gosselin'>? 0.59  (0.49 to 0.68)
(e & Miranda'®® 0.70  (0.35t0 0.93)
o —+ Lourdes'3> 0.48  (0.34t0 0.62)
e L Elias'>* 022 (0.12t00.35)
o —e— Pini!52 088  (0.83t00.92)
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" —_—— Tengborn'?’ 090 (0.79 to 0.96)
Il —— Bouman'? 0.92  (0.85t00.97)
— L Brenner!2¢ 0.67 (0.491to 0.81)
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— L Legnani''® 0.65  (0.47 to 0.80)
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—® van der Graaf®’ 0.60  (0.44 to 0.74)
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FIGURE 64 D-dimer: specificity of latex assay for all DVT in symptomatic patients
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Sensitivity Sensitivity (95% ClI)

——— Gosselin'5 0.83 (0.66t0 0.93)
" Mayer!'57 1.00 (0.89 to 1.00)
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1
I(j Pooled sensitivity = 0.87 (0.85 to 0.88)

X2 = 185.87; df = 28 (p = 0.0000)
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FIGURE 65 D-dimer: sensitivity of whole-blood agglutination assay for all DVT in symptomatic patients
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Specificity Specificity (95% ClI)
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FIGURE 66 D-dimer: specificity of whole-blood agglutination assay for all DVT in symptomatic patients
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Sensitivity Sensitivity (95% ClI)

— et Bounameaux'’> 0.89 (0.76 to 0.96)
Bongard'”2 0.77 (0.46 to 0.95)

— ¢ Crippa'! 1.00 (0.7 to 1.00)

i Harvey!70 100 (0.77 to 1.00)
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Levy'66 100 (0.66 to 1.00)
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FIGURE 67 D-dimer: sensitivity for all DVT in asymptomatic patients

Specificity Specificity (95% ClI)
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o—— Crippa'”! 0.32 (0.17t00.51)
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E : ° Wahl'é! 0.64 (0.41 to 0.83)
> Pooled specificity = 0.43(0.40 to 0.46)
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FIGURE 68 D-dimer: specificity for all DVT in asymptomatic patients
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Sensitivity Sensitivity (95% CI)
° : : Pazzagli2®® 0.37 (0.22 to 0.54)
o ——e— | Liapis?” 0.89 (0.79 to 0.96)
—e Elbaum?0¢ 0.77 (0.46 to 0.95)
— Richards®2 0.65 (0.52t00.77)
- ° Nicholas205 0.90 (0.70 to 0.99)
——e Cooperman3® 0.85 (0.62to 0.97)
o Foti204 0.69 (0.48 to 0.86)
® — Sandler®* 0.62 (0.42t00.79)
| T—— Vacarro®® 0.84 (0.76 to 0.90)
° o Wells'28 0.57 (0.42to0 0.70)
— o Dmochowski203 0.94 (0.70 to 1.00)
—— i Hull202 0.63  (0.56 to 0.69)
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E : —e— | Dauzat'® 091 (0.84 to 0.96)
o Lynch!%2 0.75 (0.43 to 0.95)
——— Comerota'® 0.71 (0.6 to 0.80)
— Rosner!'?0 1.00 (0.54to 1.00)
++—e— | Cardella!® 0.87 (0.72 to 0.96)
1 . ——e— | Boccalon'8® 0.90 (0.79 to 0.96)
| —— Ovcharenko'®7 0.87 (0.76 to 0.94)
iy Patterson '8¢ 0.75 (0.51 t0 0.91)
o o de Laveaucoupet'®>  0.58 (0.41 to 0.74)
———— Barzi'8 0.83 (0.72t00.91)
——+ | Holmgren'83 0.63 (0.51 to 0.75)
— ° Ezekowitz'82 0.87 (0.66 to 0.97)
e Jindal'®! 0.77 (0.68 to 0.85)
| —+—e— Prandoni'8° 0.84 (0.74t00.91)
— Prandoni'80 0.73 (0.60 to 0.84)
| ———e— | Glew!” 0.90 (0.76 to 0.97)
L e | Heijboer'”8 091 (0.76 to 0.98)
e Agnelli'”’ 0.84 (0.67 t0 0.95)
° — Kristo!76 0.50 (0.21 t0 0.79)
° b Ginsberg'7® 0.55  (0.40 to 0.70)
. : : Keefe!74 0.71 (0.54 to 0.84)
—— Wells75 0.64 (0.54t00.73)
[
'<>' Pooled sensitivity = 0.75 (0.73 to 0.77)
X2 =214.31;df = 41 (p = 0.0000)
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FIGURE 69 Impedance plethysmography: sensitivity for all DVT in symptomatic patients
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Specificity
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Cooperman3® 0.97 (0.91 to 1.00)
Foti204 0.86 (0.65 to 0.97)
Sandler>* 0.67 (0.43 to 0.85)
Vacarro®® 0.78 (0.70 to 0.85)
Wells'28 0.96 (0.92t0 0.99)
Dmochowski2®3 0.48 (0.29 to 0.68)
Hull202 0.97 (0.95to 0.99)
Hull20! 0.95 (0.89 to0 0.98)
Benedict?° 0.96 (0.91 to 0.98)
Flanigan'®? 0.95 (0.881t00.98)
Toy'% 1.00  (0.66 to 1.00)
Peters'®’ 0.93 (0.87 to 0.97)
O'Donnell'%¢ 0.93 (0.83t00.98)
Ramchandani'%® 0.83 (0.67 to 0.94)
Jonker!94 0.96 (0.8 to 1.00)
Dauzat'?3 0.82 (0.68t00.92)
Lynch'?2 0.56 (0.21 to 0.86)
Comerota'®! 0.81 (0.71 to 0.89)
Rosner!% 0.63 (0.381t00.84)
Cardella'®’ 0.72 (0.58 to 0.84)
Boccalon'88 0.86 (0.74 to 0.94)
Ovcharenko '8’ 0.93 (0.821t00.98)
Patterson'8 0.45 (0.26 to 0.64)
de Laveaucoupet'®  0.91  (0.83 to 0.96)
Barzi'8 0.87 (0.78t0 0.93)
Holmgren'83 0.94 (0.79 to0 0.99)
Ezekowitz'82 0.89 (0.81 to 0.94)
Jindal'®' 079 (0.601to0 0.92)
Prandoni'8° 0.92 (0.87 to 0.96)
Prandoni'8° 0.95 (0.90 to 0.98)
Glew'”? 0.68 (0.48 to 0.84)
Heijboer!'78 0.83 (0.67 to 0.94)
Agnelli'”? 0.83 (0.71 t0 0.92)
Kristo!76 0.89 (0.52to 1.00)
Ginsberg'75 093 (0.85to 0.97)
Keefe!74 0.80 (0.67 to 0.89)
Wells”> 0.94 (0.91 to 0.96)
Pooled specificity = 0.90 (0.89 to 0.91)

X% = 250.28; df = 41 (p = 0.0000)

FIGURE 70 Impedance plethysmography: specificity in symptomatic patients
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Sensitivity Sensitivity (95% ClI)
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| |
i<>i Pooled sensitivity = 0.18 (0.15 to 0.21)
X2 =29.78;df = 7 (p = 0.0001)
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FIGURE 71 Impedance plethysmography: sensitivity for all DVT in asymptomatic patients

Specificity Specificity (95% Cl)
—eo— !! | Gray?? 0.85 (0.76t0 0.91)
—e—!! | Comerota'®! 0.90 (0.79 to 0.96)
!!®| Cruickshank?!! 0.98 (0.97 to 0.99)
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—e Ginsberg?'? 0.95 (0.90 to 0.98)
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e Pazzagli?®® 0.98 (0.90 to 1.00)
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I
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FIGURE 72 Impedance plethysmography: specificity in asymptomatic patients
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Maskell?3! 0.80 (0.70 to 0.88)
Barnes?30 0.77 (0.65 to 0.86)
Olsson2?? 0.63 (0.52t00.73)
Bournameaux?28 0.86 (0.73 to 0.94)
Pini22’ 091 (0.84 to 0.95)
Aburahma?2é 0.96 (0.86 to 0.99)
Vega Gomez??® 0.82 (0.70 to 0.90)
de Faucal?* 0.78 (0.67 to 0.86)
de Valois??3 0.72 (0.62 to 0.80)
Aburahma?2? 0.82 (0.60 to 0.95)
Laverick?2! 0.95 (0.76 to 1.00)
Croal?® 0.95 (0.74 to 1.00)
Croal?2° 0.76  (0.66 to 0.85)
Warwick?!? 0.78 (0.62to 0.89)
Elford?'® 0.85 (0.74 to 0.92)
Goddard?!” 0.93 (0.82t00.99)
Goddard?'7 0.91 (0.78t0 0.97)
Flanagan?'® 0.96 (0.87 to 1.00)

Pooled sensitivity = 0.83 (0.81 to 0.85)
x2 = 73.65; df = 19 (p = 0.0000)

FIGURE 73 Strain-gauge plethysmography: sensitivity for all DVT in symptomatic patients

Specificity
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Pini'>2 0.90 (0.85to 0.94)
Robinson?3? 0.81 (0.76 to 0.85)
Maskell?3! 0.80 (0.73 to 0.85)
Barnes?30 0.81 (0.77 to 0.86)
Olsson2?? 0.77 (0.66 to 0.85)
Bournameaux?28 0.63 (0.53t00.72)
Pini22’ 0.94 (0.88t0 0.97)
Aburahma?2é 0.99 (0.93 to 1.00)
Vega Gomez??® 0.84 (0.60to 0.97)
de Faucal?* 0.62 (0.35to 0.85)
de Valois??3 0.78 (0.67 to 0.86)
Aburahma?2? 0.70 (0.54t0 0.82)
Laverick?2! 0.80 (0.72to0 0.87)
Croal?® 0.82 (0.72to 0.89)
Croal??° 0.66 (0.59 to 0.73)
Warwick?!? 0.67 (0.53t00.79)
Elford?'® 0.84 (0.78to 0.89)
Goddard?'” 0.80 (0.72to 0.87)
Goddard?'” 0.95 (0.89to 0.98)
Flanagan?'® 0.74 (0.64t0 0.83)

Pooled specficity = 0.81 (0.79 to 0.82)
x2 = 131.67; df = 19 (p = 0.0000)

FIGURE 74 Strain-gauge plethysmography: specificity in symptomatic patients
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Sensitivity . . Sensitivity (95% ClI)
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FIGURE 75 Strain-gauge plethysmography: sensitivity for all DVT in asymptomatic patients
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FIGURE 76 Strain-gauge plethysmography: specificity in asymptomatic patients
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FIGURE 77 Air plethysmography: sensitivity for all DVT in symptomatic patients
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FIGURE 78 Air plethysmography: specificity in symptomatic patients
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FIGURE 79 Light-reflex rheography: sensitivity for all DVT in symptomatic patients
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FIGURE 80 Light-reflex rheography: specificity in symptomatic patients
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FIGURE 81 Phleborheography: sensitivity for all DVT in symptomatic patients
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FIGURE 82 Phleborheography: specificity in symptomatic patients
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FIGURE 83 Association between specificity of impedance plethysmography and prevalence of DVT in the cohort
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FIGURE 88 Association between sensitivity of ultrasound in symptomatic patients and the prevalence of DVT in the cohort
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FIGURE 89 Association between sensitivity of ultrasound in symptomatic patients and the proportion of proximal DVT in the cohort
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FIGURE 90 Ultrasound: sensitivity for all DVT in asymptomatic patients
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FIGURE 91 Ultrasound: specificity for all DVT in asymptomatic patients
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FIGURE 92 Association between sensitivity of ultrasound in asymptomatic patients and prevalence of DVT
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number

A WN—O

Appendix 4

Algorithms used in the model

Algorithm

No testing or treatment

Venography for all patients

Above-knee US, repeat if negative

Full-leg US, repeat if distal found

Above-knee ultrasound, no repeat

Wells and above-knee US. If low, discharge if US negative, venogram if positive.

If moderate, repeat US if negative, treat if positive. If high, venogram if US negative,
treat if US positive

SimpliRED DD and above-knee US. If US positive then treat. If both are negative then
discharge. If DD positive and US negative, repeat US

Wells. High or intermediate: above-knee US, treat if positive, venogram if negative.
Low: above-knee US, treat if positive, discharge if negative

Wells. High or intermediate: full-leg US, treat if positive, venogram if negative.

Low: full-leg US, treat if positive, discharge if negative

Latex DD: if positive above-knee US and repeat, if negative do Wells score.

If high US and repeat. If intermediate or low discharge

Latex DD: if positive above-knee US and repeat, if negative do Wells score. If high US,
if intermediate or low discharge

Wells. High: above-knee US, treat if positive, SimpliRED DD if negative. If DD positive
venogram, if negative repeat US. Intermediate: US, treat if positive, DD if negative.

If DD positive repeat US, if negative discharge. Low: DD, US if positive,

discharge if negative

Wells and SimpliRED DD. If Wells high or intermediate, or DD positive, do full-leg US.
If Wells low and DD negative then discharge

ELISA DD. If negative discharge, if positive do above-knee US. Treat if US positive,

do Wells if negative. High Wells: venogram. Intermediate or low Wells: discharge
Wells. If high or intermediate: above-knee US. If positive treat, if negative

SimpliRED DD. Repeat US if DD positive, discharge if DD negative. Low: US,
discharge if negative, treat if positive

Wells. High or intermediate: above-knee US. If positive treat, if negative SimpliRED DD.

Repeat US if DD positive discharge if DD negative. Low: DD, discharge if negative,
US if positive

Wells. High: above-knee US. If positive treat, if negative SimpliRED DD. Repeat US if
DD positive, discharge if DD negative. Intermediate or low: DD, discharge if negative,
US if positive

Wells. High or intermediate: above-knee US. If positive treat, if negative repeat US.
Low: US, treat if positive, discharge if negative.

Wells. High: above-knee US. If positive treat, if negative repeat US. Intermediate
and low: US, treat if positive, discharge if negative

SimpliRED DD and plethysmography: discharge if both negative, venogram if either
is positive
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Source

Anderson,’'
Wells,®” Wells®
Kraaijenhagen,?
Bernatdi®’®
Walsh’®

Walsh’®

Bates*'?

Schutgens*®*

Anderson*®’

Janes*¢

Perrier*’

Tick””

Wells,
intervention
group (high and
moderate
combined)®
Wells,
intervention
group (moderate
and low
combined)’
Wells, control
group (high and
moderate
combined)’
Wells, control
group (moderate
and low
combined)’

Ginsberg*0®

continued
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TABLE40 (cont’d)

Algorithm

number Algorithm Source

20 Wells and SimpliRED DD. Discharge if low Wells and negative DD. If high or intermediate  Kearon*®
Wells, or DD positive, do above-knee US and plethysmography. Treat if both positive,
discharge if both negative, venogram if discordant

21 Wells. High or intermediate: above-knee US. Low: discharge UK survey

22 Wells. High or intermediate: venogram. Low: SimpliRED DD. If DD positive venogram, UK survey
if negative discharge

23 Wells. High: venogram. Intermediate or low: SimpliRED DD. If DD positive venogram, UK survey
if negative discharge

24 Wells. Low: SimpliRED DD, discharge if negative, above-knee US if positive. Treat if UK survey
US positive, venogram if US negative. Intermediate or high: US, treat if positive,
venogram if negative

25 SimpliRED DD: discharge if negative, above-knee US if positive. Treat if US positive, UK survey
repeat US if initial US is negative

26 Wells. Low or intermediate: SimpliRED DD and plethysmography. Discharge if both UK survey

negative, full-leg US if either positive. High: plethysmography, treat if positive, full-leg
US if negative
27 Wells and SimpliRED DD. Low: discharge if DD negative, plethysmography if positive. UK survey
Full-leg US if plethysmography positive, discharge if negative. Intermediate or high:
full-leg US if DD positive, plethysmography if negative. Full-leg US if plethysmography
positive, discharge if negative
28 Wells. High or intermediate: plethysmography, if negative discharge, if positive, full-leg US. UK survey
Low: SimpliRED DD, discharge if negative, plethysmography if positive. Discharge if
plethysmography negative, full-leg US if positive

29 Wells. Low: SimpliRED DD and plethysmography. Discharge if both negative, full-leg US UK survey
if either positive. Intermediate or high: full-leg US

30 SimpliRED DD and plethysmography. Discharge if both negative, full-leg US if either UK survey
positive

31 Wells. Low or intermediate: plethysmography, discharge if negative, full-leg US if positive. UK survey
High: full-leg US

US, ultrasound, DD, D-dimer. In all algorithms repeat ultrasound means that an above-knee ultrasound is performed | week
later.
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Appendix 5

Mean value, probability distribution and source
of parameters used in the model

TABLE 41 Probability of events

Description of variable Mean Probability Parameters Source
value distribution

Patient has proximal DVT 0.147 Beta (o = 41,3 = 238) Kilroy”?
Ratio of distal to proximal DVT 0.778 Beta (o« = 14.5,3 =4.15)  Ultrasound

meta-analysis
Probability distal DVT propagates to proximal 0.214 Beta (x=6,3=22 Largerstedt*!’
Outcomes of treated proximal DVT
Probability of fatal PE 0.004 Beta (0 = 17,8 = 4204)  Douketis***
Probability of non-fatal PE 0.008 Beta (o = 33.4, B = 4070.6) Douketis*?*
Probability of PTS 0.053 Beta (o« = 28, B = 500) Prandoni*?®
Outcomes of untreated proximal DVT
Probability of fatal PE 0.019 Beta (0 =5, =263) Follow-up studies
Probability of non-fatal PE 0.093 Beta (o = 25, 3 = 243) Follow-up studies
Probability of PTS 0.33 Beta (e = 5.21, 3 = 10.57) Expert opinion
Risks of treatment
Probability of non-fatal intracranial haemorrhage 0.001 Dirichlet (13,37,226,10481) Linkins®

where each parameter
Probability of fatal haemorrhage 0.003 Dirichlet  refers to the proportion Linkins®
of people in each

Probability of non-fatal, non-intracranial haemorrhage 0.021 Dirichlet category. The fourth Linkins®

category is ‘no bleeding’
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Appendix 5

TABLE 42 Diagnostic test parameters

Test

Wells test

Ultrasound

ELISA D-dimer

Latex D-dimer

SimpliRED D-dimer

Plethysmography
(strain-gauge)

Variable description

Proportion of proximal DVT categorised
as high risk

Proportion of proximal DVT categorised as
moderate risk

Proportion of proximal DVT categorised
as low risk

Proportion of distal DVT categorised as
high risk

Proportion of distal DVT categorised as
moderate risk

Proportion of distal DVT categorised as
low risk

Proportion without DVT categorised as
high risk

Proportion without DVT categorised as
moderate risk

Proportion without DVT categorised as
low risk

Sensitivity for proximal DVT
Sensitivity for distal DVT
Specificity

Sensitivity for proximal DVT
Sensitivity for distal DVT
Specificity, Wells high
Specificity, Wells moderate
Specificity, Wells low

Sensitivity for proximal DVT
Sensitivity for distal DVT
Specificity, Wells high
Specificity, Wells moderate
Specificity, Wells low

Sensitivity for proximal DVT
Sensitivity for distal DVT
Specificity, Wells high
Specificity, Wells moderate
Specificity, Wells low

Sensitivity for proximal DVT
Sensitivity for distal DVT
Specificity

Mean
value

0.68

0.25

0.07

0.34

0.48

0.18

0.11

0.41

0.48

0.95
0.65
0.94

0.98
0.86
0.34
0.45
0.52

0.94
0.79
0.42
0.55
0.64

0.84
0.64
0.52
0.68
0.79

0.90
0.56
0.8l

Probability
distribution

Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet

Dirichlet

Beta
Beta
Beta

Beta
Beta

Beta

Beta
Beta

Beta

Beta
Beta

Beta

Beta
Beta
Beta

A

105.61

26.60

40.78

1732.57
630.55
2035.72

736.91
993.58

4278.13

2035.72
313.89

5228.83

270.22
69.29

5683.66

777.02
107.62
4788.09

Parameters

B

38.83

37.56

B

151.99

91.19
339.52
129.94

15.04
161.75

5228.83

129.94
83.44

4278.13

51.47
38.98

2674.66

86.34
84.56
1123.13

10.87

14.08

C

177.94
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TABLE 43 Costs

Descriptions of variable Mean
value
Clinical risk stratification £6.83
D-dimer (SimpliRED) £12.16
D-dimer (Laboratory) £13.11
Full-leg ultrasound £112.06
Above knee ultrasound £59.36
Venogram £192.00
Plethysmography £19.19
Treatment of DVT (total) £721
Based on:
Days of heparin 8.6
Unit cost per dose of low molecular weight £12.77
heparin (Enoxaparine)
Number of anticoagulant clinic reviews 4
Unit cost per anticoagulant clinic review £34
Number of nursing visits during anticoagulation 17.2
Unit cost per nursing visit £20
Number of GP visits during anticoagulation 2
Unit cost per GP visit £61
Cost of 90 days of warfarin treatment £5.46
Treatment of fatal PE £1167
Treatment of non-fatal PE £1132
Lifetime costs for PTS £3866.59
Based on:
Unit cost for new vascular surgery outpatient £85

Unit cost for follow-up vascular surgery outpatient ~ £122

GP visits 40
Treatment of severe bleeding, first year £10273.10
Treatment of severe bleeding, subsequent years £4662.10
Treatment of fatal bleeding £6600
Treatment of non-intracranial haemorrhage £569.38
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Probability Parameters Source
distribution
None Assumption
None Axis Shield personal
communication
None NHS Trust figures
personal
communication
Normal SE = 3.99 NHS reference
costs*®
Normal SE = 3.28 NHS reference
costs*3®
Normal SE = 4.82 NHS reference
costs*®
None Amtec Medical
personal
communication
Lognormal SE=5.2 Boccalon*®’
None BNF*3®
None
None NHS reference
costs*®
None Boccalon*®?’
None Netten and Curtis***
None
None Netten and Curtis*3*
None BNF*8
Normal SE = 35.81 NHS reference
costs*®
Normal se = 16.34 NHS reference
costs*3®
Normal SE = 2.53 NHS reference
costs*?®
Normal SE = 3.96 NHS reference
costs*®
None Netten and Curtis***
None Sandercock*?’
None Sandercock**®
None Sandercock*®
Normal 9.85 NHS reference costs

for gastro-intestinal

bleeding**®
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TABLE 44 QALYs

Description of variable

Normal age-specific, discounted quality-adjusted
life expectancy

Severe PTS
Non-fatal intracranial haemorrhage
Non-fatal pulmonary embolism

Non-fatal, non-intracranial haemorrhage

9 See Chapter 5, section ‘Valuation of health outcomes’ (p. 53).

Mean
value

11.58

0.977

0.29

0.94

0.997

Probability Parameters
distribution
None
Beta a = 232.64,
b = 5.48
Beta a = 8.34,
b =204l
Beta a=19.43,
b=1.24

Source

Government
Actuary's
Department,*?
Kind*

O'Meara*®?
O'Meara*®?

Expert opinion

Assumption®



Health Technology Assessment 2006; Vol. 10: No. 15

Health Technology Assessment
Programme

Members

Director,

Professor Tom Walley,

Director; NHS HTA Programme,
Department of Pharmacology &
Therapeutics,

University of Liverpool

Deputy Director,

Professor Jon Nicholl,
Director, Medical Care Research
Unit, University of Sheffield,
School of Health and Related
Research

Prioritisation Strategy Group

Chair,

Professor Tom Walley,

Director, NHS HTA Programme,
Department of Pharmacology &
Therapeutics,

University of Liverpool

Members

Professor Bruce Campbell,
Consultant Vascular & General
Surgeon, Royal Devon & Exeter
Hospital

Dr Edmund Jessop, Medical
Adpvisor, National Specialist,
Commissioning Advisory Group
(NSCAG), Department of
Health, London

Professor Jon Nicholl, Director,
Medical Care Research Unit,
University of Sheffield, School
of Health and Related Research

Dr John Reynolds, Clinical
Director, Acute General
Medicine SDU, Radcliffe
Hospital, Oxford

HTA Commissioning Board

Dr Ron Zimmern, Director,
Public Health Genetics Unit,
Strangeways Research
Laboratories, Cambridge

Programme Director,

Professor Tom Walley,

Director, NHS HTA Programme,
Department of Pharmacology &
Therapeutics,

University of Liverpool

Chair,

Professor Jon Nicholl,

Director, Medical Care Research
Unit, University of Sheffield,
School of Health and Related
Research

Deputy Chair,

Professor Jenny Hewison,
Professor of Health Care
Psychology, Academic Unit of
Psychiatry and Behavioural
Sciences, University of Leeds
School of Medicine

Dr Jeffrey Aronson

Reader in Clinical
Pharmacology, Department of
Clinical Pharmacology,
Radcliffe Infirmary, Oxford
Professor Deborah Ashby,
Professor of Medical Statistics,
Department of Environmental
and Preventative Medicine,
Queen Mary University of
London

Professor Ann Bowling,
Professor of Health Services
Research, Primary Care and
Population Studies,
University College London

Dr Andrew Briggs, Public
Health Career Scientist, Health
Economics Research Centre,
University of Oxford

Professor John Cairns, Professor
of Health Economics, Public

Health Policy, London School of

Hygiene and Tropical Medicine,
London

Professor Nicky Cullum,
Director of Centre for Evidence
Based Nursing, Department of
Health Sciences, University of
York

Mr Jonathan Deeks,

Senior Medical Statistician,
Centre for Statistics in
Medicine, University of Oxford

Dr Andrew Farmer, Senior
Lecturer in General Practice,
Department of Primary
Health Care,

University of Oxford

Professor Fiona | Gilbert,
Professor of Radiology,
Department of Radiology,
University of Aberdeen

Professor Adrian Grant,
Director, Health Services
Research Unit, University of
Aberdeen

Professor F D Richard Hobbs,
Professor of Primary Care &
General Practice, Department of
Primary Care & General
Practice, University of
Birmingham

Professor Peter Jones, Head of
Department, University
Department of Psychiatry,
University of Cambridge

Professor Sallie Lamb,

Professor of Rehabilitation,
Centre for Primary Health Care,
University of Warwick

Professor Stuart Logan,
Director of Health & Social
Care Research, The
Peninsula Medical School,
Universities of Exeter &
Plymouth

Dr Linda Patterson,
Consultant Physician,
Department of Medicine,
Burnley General Hospital

Professor Ian Roberts, Professor
of Epidemiology & Public
Health, Intervention Research
Unit, London School of
Hygiene and Tropical Medicine

Professor Mark Sculpher,
Professor of Health Economics,
Centre for Health Economics,
Institute for Research in the
Social Services, University of York

Dr Jonathan Shapiro, Senior
Fellow, Health Services
Management Centre,
Birmingham

Ms Kate Thomas,

Deputy Director,

Medical Care Research Unit,
University of Sheffield

Ms Sue Ziebland,

Research Director, DIPEx,
Department of Primary Health
Care, University of Oxford,
Institute of Health Sciences

Current and past membership details of all HTA ‘committees’ are available from the HTA website (www.hta.ac.uk)

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

165



166

Health Technology Assessment Programme

Diagnostic Technologies & Screening Panel

Members

Chair,

Dr Ron Zimmern, Director of
the Public Health Genetics Unit,
Strangeways Research
Laboratories, Cambridge

Ms Norma Armston,
Lay Member, Bolton

Professor Max Bachmann
Professor of Health

Care Interfaces,
Department of Health
Policy and Practice,
University of East Anglia

Professor Rudy Bilous
Professor of Clinical Medicine &
Consultant Physician,
The Academic Centre,
South Tees Hospitals NHS Trust

Dr Paul Cockcroft,
Consultant Medical
Microbiologist and Clinical
Director of Pathology,
Department of Clinical
Microbiology, St Mary's
Hospital, Portsmouth

Members

Professor Adrian K Dixon,
Professor of Radiology,
University Department of
Radiology, University of
Cambridge Clinical School

Dr David Elliman,
Consultant Paediatrician/
Hon. Senior Lecturer,
Population Health Unit,
Great Ormond St. Hospital,
London

Professor Glyn Elwyn,
Primary Medical Care
Research Group,

Swansea Clinical School,
University of Wales Swansea

Mr Tam Fry, Honorary
Chairman, Child Growth
Foundation, London

Dr Jennifer | Kurinczuk,
Consultant Clinical
Epidemiologist,

National Perinatal
Epidemiology Unit, Oxford

Dr Susanne M Ludgate, Medical
Director, Medicines &
Healthcare Products Regulatory
Agency, London

Professor William Rosenberg,
Professor of Hepatology, Liver
Research Group, University of
Southampton

Dr Susan Schonfield, Consultant
in Public Health, Specialised
Services Commissioning North
West London, Hillingdon
Primary Care Trust

Dr Phil Shackley, Senior
Lecturer in Health Economics,
School of Population and
Health Sciences, University of
Newcastle upon Tyne

Dr Margaret Somerville, PMS
Public Health Lead, Peninsula
Medical School, University of
Plymouth

Dr Graham Taylor, Scientific
Director & Senior Lecturer,
Regional DNA Laboratory, The
Leeds Teaching Hospitals

Pharmaceuticals Panel

Professor Lindsay Wilson
Turnbull, Scientific Director,
Centre for MR Investigations &
YCR Professor of Radiology,
University of Hull

Professor Martin | Whittle,
Associate Dean for Education,
Head of Department of
Obstetrics and Gynaecology,
University of Birmingham

Dr Dennis Wright,
Consultant Biochemist &
Clinical Director,

Pathology & The Kennedy
Galton Centre,

Northwick Park & St Mark’s
Hospitals, Harrow

Chair,

Dr John Reynolds, Chair
Division A, The John Radcliffe
Hospital, Oxford Radcliffe
Hospitals NHS Trust

Professor Tony Avery,

Head of Division of Primary
Care, School of Community
Health Services, Division of
General Practice, University of
Nottingham

Ms Anne Baileff, Consultant
Nurse in First Contact Care,
Southampton City Primary Care
Trust, University of
Southampton

Professor Stirling Bryan,
Professor of Health Economics,
Health Services

Management Centre,
University of Birmingham

Mr Peter Cardy, Chief
Executive, Macmillan Cancer
Relief, London

Professor Imti Choonara,
Professor in Child Health,
Academic Division of Child
Health, University of
Nottingham

Dr Robin Ferner, Consultant
Physician and Director, West
Midlands Centre for Adverse
Drug Reactions, City Hospital
NHS Trust, Birmingham

Dr Karen A Fitzgerald,
Consultant in Pharmaceutical
Public Health, National Public
Health Service for Wales,
Cardiff

Mrs Sharon Hart, Head of
DTB Publications, Drug &
Therapeutics Bulletin, London

Dr Christine Hine, Consultant in
Public Health Medicine, South
Gloucestershire Primary Care
Trust

Professor Stan Kaye,

Cancer Research UK

Professor of Medical Oncology,
Section of Medicine,

The Royal Marsden Hospital,
Sutton

Ms Barbara Meredith,
Lay Member, Epsom

Dr Andrew Prentice, Senior
Lecturer and Consultant
Obstetrician & Gynaecologist,
Department of Obstetrics &
Gynaecology, University of
Cambridge

Dr Frances Rotblat, CPMP
Delegate, Medicines &
Healthcare Products Regulatory
Agency, London

Professor Jan Scott, Professor
of Psychological Treatments,
Institute of Psychiatry,
University of London

Mrs Katrina Simister, Assistant
Director New Medicines,
National Prescribing Centre,
Liverpool

Dr Richard Tiner, Medical
Director, Medical Department,
Association of the British
Pharmaceutical Industry,
London

Dr Helen Williams,
Consultant Microbiologist,
Norfolk & Norwich University
Hospital NHS Trust

Current and past membership details of all HTA ‘committees’ are available from the HTA website (www.hta.ac.uk)



Health Technology Assessment 2006; Vol. 10: No. 15

Members

Therapeutic Procedures Panel

Chair,

Professor Bruce Campbell,
Consultant Vascular and
General Surgeon, Department
of Surgery, Royal Devon &
Exeter Hospital

Dr Aileen Clarke,

Reader in Health Services
Research, Public Health &
Policy Research Unit, Barts &
the London School of Medicine
& Dentistry, London

Dr Matthew Cooke, Reader in
A&E/Department of Health
Advisor in A&E, Warwick
Emergency Care and
Rehabilitation, University of
Warwick

Dr Carl E Counsell, Clinical
Senior Lecturer in Neurology,
Department of Medicine and
Therapeutics, University of
Aberdeen

Ms Amelia Curwen, Executive
Director of Policy, Services and
Research, Asthma UK, London

Professor Gene Feder, Professor
of Primary Care R&D,
Department of General Practice
and Primary Care, Barts & the
London, Queen Mary’s School
of Medicine and Dentistry,
London

Professor Paul Gregg,

Professor of Orthopaedic
Surgical Science, Department of
General Practice and Primary
Care, South Tees Hospital NHS
Trust, Middlesbrough

Ms Bec Hanley, Co-Director,
TwoCan Associates,
Hurstpierpoint

Ms Maryann L Hardy,
Lecturer, Division of
Radiography, University of
Bradford

Professor Alan Horwich,
Director of Clinical R&D,
Academic Department of
Radiology, The Institute of
Cancer Research,

London

Dr Simon de Lusignan,
Senior Lecturer,

Primary Care Informatics,
Department of Community
Health Sciences,

St George’s Hospital Medical
School, London

Professor Neil McIntosh,
Edward Clark Professor of
Child Life & Health,
Department of Child Life &
Health, University of
Edinburgh

Professor James Neilson,
Professor of Obstetrics and
Gynaecology, Department of
Obstetrics and Gynaecology,
University of Liverpool

Dr John C Pounsford,
Consultant Physician,
Directorate of Medical Services,
North Bristol NHS Trust

Karen Roberts, Nurse
Consultant, Queen Elizabeth
Hospital, Gateshead

Dr Vimal Sharma, Consultant
Psychiatrist/Hon. Senior Lecturer,
Mental Health Resource Centre,
Cheshire and Wirral Partnership
NHS Trust, Wallasey

Dr L David Smith, Consultant
Cardiologist, Royal Devon &
Exeter Hospital

Professor Norman Waugh,
Professor of Public Health,
Department of Public Health,
University of Aberdeen

Current and past membership details of all HTA ‘committees’ are available from the HTA website (www.hta.ac.uk)

167



168

Health Technology Assessment Programme

Members

Expert Advisory Network

Professor Douglas Altman,
Director of CSM & Cancer
Research UK Med Stat Gp,
Centre for Statistics in
Medicine, University of Oxford,
Institute of Health Sciences,
Headington, Oxford

Professor John Bond,

Director, Centre for Health
Services Research, University of
Newcastle upon Tyne, School of
Population & Health Sciences,
Newcastle upon Tyne

Mr Shaun Brogan,
Chief Executive, Ridgeway
Primary Care Group, Aylesbury

Mrs Stella Burnside OBE,
Chief Executive, Office of the
Chief Executive. Trust
Headquarters, Altnagelvin
Hospitals Health & Social
Services Trust, Altnagelvin Area
Hospital, Londonderry

Ms Tracy Bury,

Project Manager, World
Confederation for Physical
Therapy, London

Professor Iain T Cameron,
Professor of Obstetrics and
Gynaecology and Head of the
School of Medicine,
University of Southampton

Dr Christine Clark,
Medical Writer & Consultant
Pharmacist, Rossendale

Professor Collette Clifford,
Professor of Nursing & Head of
Research, School of Health
Sciences, University of
Birmingham, Edgbaston,
Birmingham

Professor Barry Cookson,
Director, Laboratory of
Healthcare Associated Infection,
Health Protection Agency,
London

Professor Howard Cuckle,
Professor of Reproductive
Epidemiology, Department of
Paediatrics, Obstetrics &
Gynaecology, University of
Leeds

Dr Katherine Darton,
Information Unit, MIND —
The Mental Health Charity,
London

Professor Carol Dezateux,
Professor of Paediatric
Epidemiology, London

Mr John Dunning,

Consultant Cardiothoracic
Surgeon, Cardiothoracic
Surgical Unit, Papworth
Hospital NHS Trust, Cambridge

Mr Jonothan Earnshaw,
Consultant Vascular Surgeon,
Gloucestershire Royal Hospital,
Gloucester

Professor Martin Eccles,
Professor of Clinical
Effectiveness, Centre for Health
Services Research, University of
Newcastle upon Tyne

Professor Pam Enderby,
Professor of Community
Rehabilitation, Institute of
General Practice and Primary
Care, University of Sheffield

Mr Leonard R Fenwick,
Chief Executive, Newcastle
upon Tyne Hospitals NHS Trust

Professor David Field,

Professor of Neonatal Medicine,
Child Health, The Leicester
Royal Infirmary NHS Trust

Mrs Gillian Fletcher,

Antenatal Teacher & Tutor and
President, National Childbirth
Trust, Henfield

Professor Jayne Franklyn,
Professor of Medicine,
Department of Medicine,
University of Birmingham,
Queen Elizabeth Hospital,
Edgbaston, Birmingham

Ms Grace Gibbs,

Deputy Chief Executive,
Director for Nursing, Midwifery
& Clinical Support Services,
West Middlesex University
Hospital, Isleworth

Dr Neville Goodman,
Consultant Anaesthetist,
Southmead Hospital, Bristol

Professor Alastair Gray,
Professor of Health Economics,
Department of Public Health,
University of Oxford

Professor Robert E Hawkins,
CRC Professor and Director of
Medical Oncology, Christie CRC
Research Centre, Christie
Hospital NHS Trust, Manchester

Professor Allen Hutchinson,
Director of Public Health &
Deputy Dean of SCHARR,
Department of Public Health,
University of Sheffield

Dr Duncan Keeley,

General Practitioner (Dr Burch
& Ptnrs), The Health Centre,
Thame

Dr Donna Lamping,

Research Degrees Programme
Director & Reader in Psychology,
Health Services Research Unit,
London School of Hygiene and
Tropical Medicine, London

Mr George Levvy,

Chief Executive, Motor
Neurone Disease Association,
Northampton

Professor James Lindesay,
Professor of Psychiatry for the
Elderly, University of Leicester,
Leicester General Hospital

Professor Julian Little,
Professor of Human Genome
Epidemiology, Department of
Epidemiology & Community
Medicine, University of Ottawa

Professor Rajan Madhok,
Medical Director & Director of
Public Health, Directorate of
Clinical Strategy & Public
Health, North & East Yorkshire
& Northern Lincolnshire Health
Authority, York

Professor David Mant,
Professor of General Practice,
Department of Primary Care,
University of Oxford

Professor Alexander Markham,
Director, Molecular Medicine
Unit, St James’s University
Hospital, Leeds

Dr Chris McCall,
General Practitioner, The
Hadleigh Practice, Castle Mullen

Professor Alistair McGuire,
Professor of Health Economics,
London School of Economics

Dr Peter Moore,
Freelance Science Writer, Ashtead

Dr Sue Moss, Associate Director,
Cancer Screening Evaluation
Unit, Institute of Cancer
Research, Sutton

Mrs Julietta Patnick,
Director, NHS Cancer Screening
Programmes, Sheffield

Professor Tim Peters,
Professor of Primary Care
Health Services Research,
Academic Unit of Primary
Health Care, University of
Bristol

Professor Chris Price,

Visiting Chair — Oxford, Clinical
Research, Bayer Diagnostics
Europe, Cirencester

Professor Peter Sandercock,
Professor of Medical Neurology,
Department of Clinical
Neurosciences, University of

Edinburgh

Dr Eamonn Sheridan,
Consultant in Clinical Genetics,
Genetics Department,

St James’s University Hospital,
Leeds

Dr Ken Stein,

Senior Clinical Lecturer in
Public Health, Director,
Peninsula Technology
Assessment Group,
University of Exeter

Professor Sarah Stewart-Brown,
Professor of Public Health,
University of Warwick,
Division of Health in the
Community Warwick Medical
School, LWMS, Coventry

Professor Ala Szczepura,
Professor of Health Service
Research, Centre for Health
Services Studies, University of
Warwick

Dr Ross Taylor,

Senior Lecturer, Department of
General Practice and Primary
Care, University of Aberdeen
Mrs Joan Webster,

Consumer member, HTA —
Expert Advisory Network

Current and past membership details of all HTA ‘committees’ are available from the HTA website (www.hta.ac.uk)






Feedback

The HTA Programme and the authors would like to know
your views about this report.

The Correspondence Page on the HTA website
(http://www.hta.ac.uk) is a convenient way to publish
your comments. If you prefer, you can send your comments
to the address below, telling us whether you would like
us to transfer them to the website.

We look forward to hearing from you.

The National Coordinating Centre for Health Technology Assessment,

Mailpoint 728, Boldrewood,

University of Southampton,

Southampton, SO16 7PX, UK.

Fax: +44 (0) 23 8059 5639 Email: hta@hta.ac.uk

http://www.hta.ac.uk ISSN 1366-5278



	Health Technology Assessment 2006;10:(15)
	NHS R&D HTA Programme
	Abstract
	Contents
	List of abbreviations
	Executive summary
	Chapter 1 – Introduction
	Background
	Diagnostic testing for DVT
	Current practice in the NHS
	An optimal approach to diagnostic testing
	Aims and objectives

	Chapter 2 – Systematic reviews and meta-analysis of non-invasive diagnostic tests: methods
	Literature search
	Selection of studies
	Quality of studies
	Data extraction
	Statistical analysis

	Chapter 3 – Systematic reviews and meta-analysis of non-invasive diagnostic tests: results
	Clinical assessment
	Plethysmography and rheography
	Ultrasound
	CT scan
	MRI scan

	Chapter 4 – Discussion: systematic reviews and meta-analysis of non-invasive diagnostic tests
	Limitations
	Implications of the meta-analyses
	Implications for future research

	Chapter 5 – Evaluation of diagnostic algorithms for deep vein thrombosis: background and methods
	Background
	Aims and objectives
	Methods

	Chapter 6 – Evaluation of diagnostic algorithms for deep vein thrombosis: results
	Accuracy of the algorithms
	Use of tests within each algorithm
	Costs and QALYs accrued by each algorithm
	The net benefit of each algorithm
	Probabilistic sensitivity analysis
	Deterministic sensitivity analyses
	Analysis of repeat ultrasound
	Summary

	Chapter 7 – Discussion: cost-effectiveness analysis
	Comparison to other studies of cost-effectiveness
	Limitations of the analysis
	Implications for future research

	Acknowledgements
	References
	Appendix 1 – Literature search strategies
	Appendix 2 – Additional tables
	Appendix 3 – Additional figures
	Appendix 4 – Algorithms used in the model
	Appendix 5 – Mean value, probability distribution and source of parameters used in the model
	Health Technology Assessment reports published to date
	Health Technology Assessment Programme




