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Key Points

•One-year health care
costs of strategies with
MRDTI for diagnosing
recurrent DVT were
generally lower than
strategies without
MRDTI.

•Compared with ultra-
sonography, applying
MRDTI in the diagnos-
tic management of
suspected recurrent
DVT did not increase
health care costs.

The diagnostic workup of recurrent ipsilateral deep vein thrombosis (DVT) using

compression ultrasonography (CUS) can be complicated by persistent intravascular

abnormalities after a previous DVT. We showed that magnetic resonance direct thrombus

imaging (MRDTI) can exclude recurrent ipsilateral DVT. However, it is unknownwhether the

application of MRDTI in daily clinical practice is cost effective. The aim of this study was to

evaluate the cost effectiveness of MRDTI-based diagnosis for suspected recurrent ipsilateral

DVT during first year of treatment and follow-up in the Dutch health care setting. Patient-

level data of the Theia study (NCT02262052) were analyzed in 10 diagnostic scenarios,

including a clinical decision rule and D-dimer test and imaging with CUS and/or MRDTI. The

total costs of diagnostic tests and treatment during 1-year follow-up, including costs of false-

positive and false-negative diagnoses, were compared and related to the associated

mortality. The 1-year health care costs with MRDTI (range, €1219-1296) were generally

lower than strategies without MRDTI (range, €1278-1529). This was because of superior

specificity, despite higher initial diagnostic costs. Diagnostic strategies including CUS

alone and CUS followed by MRDTI in case of an inconclusive CUS were potential optimal

cost-effective strategies, with estimated average costs of €1529 and €1263 per patient and

predicted mortality of 1 per 737 patients and 1 per 609 patients, respectively. Our model

shows that diagnostic strategies with MRDTI for suspected recurrent ipsilateral DVT have

generally lower 1-year health care costs than strategies without MRDTI. Therefore,

compared with CUS alone, applying MRDTI did not increase health care costs.

Introduction

Venous thromboembolism (VTE), including pulmonary embolism (PE) and deep vein thrombosis (DVT),
poses a major health care burden.1 In the Netherlands alone, the costs for VTE management in 2015
was approximately 23 million euros for hospital treatment of almost 25000 VTE patients and 14.4 million
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euros for anticoagulants, which increased to 38.2 million euros in
2017 because of the introduction of direct oral anticoagulants
(DOACs).2 The yearly total annual health care costs for VTE in the
United States were estimated to be 2 to 10 billion dollars for
300 000 to 600000 incident cases.3 These costs were exclusive of
costs for anticoagulant-related bleeding complications, and thus
true VTE costs are even higher. Therefore, an accurate VTE
diagnosis to prevent false-positive diagnosis and subsequent
mistreatment is crucial both for individual patients and society as
a whole. Notably, the diagnostic management of suspected VTE is
still complex in certain settings such as suspected recurrent DVT.
The safety of using a clinical decision rule (CDR) in combination
with D-dimer testing to rule out recurrent DVT is not established4,5

and seems not as efficient as in patients with a suspected first DVT
episode.5,6 Moreover, ultrasonographic differentiation of acute
recurrent ipsilateral DVT from chronic residual thrombi is difficult,
with persisting thrombi being present in up to 50% of patients after
1 year despite adequate treatment.6-8

Magnetic resonance direct thrombus imaging (MRDTI) is a non-
invasive magnetic resonance imaging technique that directly
visualizes acute thrombi.9 MRDTI has been shown to accurately
distinguish acute recurrent DVT from chronic residual thrombotic
abnormalities10-12 andwas proven to be an accurate, simple, feasible,
and reproducible diagnostic test for ruling out acute recurrent
ipsilateral DVT.13 Importantly, compression ultrasonography (CUS),
which currently is the imaging test of choice in suspected recurrent
DVT, was found to be associated with an excess of false-positive
diagnoses of 19% compared with MRDTI.13 Furthermore, in contrast
to MRDTI, the CUS interpretation may vary greatly among
radiologists.14 As MRDTI is more expensive than CUS, the cost
aspect should also be taken into account when determining the
optimal diagnostic strategy.

We set up to perform a 1-year cost-effectiveness analysis of
different diagnostic scenarios with or without MRDTI for suspected
recurrent ipsilateral DVT, specifically in the Dutch health care
setting, to better determine the potential role of MRDTI in daily
clinical practice.

Methods

Study population

This study was a predefined secondary analysis of the Theia study
(NCT02262052), a prospective international multicenter outcome
study in which we evaluated the safety of excluding recurrent
ipsilateral DVT with MRDTI. The full details of the study design and
outcomes have been described previously.13 In summary, between
March 2015 and May 2019, adult patients with suspected recurrent
ipsilateral proximal DVT of the lower extremity on or off anticoag-
ulant treatment were managed according the result of the MRDTI
scan. Main exclusion criteria were suspected concomitant acute
PE, CUS-proven acute DVT within 6 months of presentation, and
general contraindications for magnetic resonance imaging. CUS
was performed as a reference examination in all patients with
a MRDTI negative for DVT to guide diagnostic testing if suspected
recurrence occurred during follow-up. Furthermore, the protocol
dictated CDR assessment using the original Wells rule and D-dimer
testing in all patients. Importantly, CUS, CDR assessment, and
D-dimer results did not influence management decisions. All included
patients were followed for a 3-month period for the occurrence of

recurrent VTE (DVT or PE), anticoagulation-associated major
bleeding, and all-cause mortality. For the current analysis, the results
of the Theia study were extrapolated to the Dutch situation, excluding
patients who were on anticoagulant treatment $48 hours before
inclusion.

Study objectives and outcomes

The aim of this analysis was to compare the health care costs
between 10 diagnostic scenarios for the diagnostic management of
suspected recurrent ipsilateral DVT in relation to the associated
mortality. The scenarios included CDR assessment according to
theWells criteria in combination with D-dimer testing, and diagnostic
imaging with CUS and/or MRDTI (Figure 1). In the scenarios
including CUS, results were defined as either normal/abnormal or
positive/negative/inconclusive; the latter is only applicable if a refer-
ence CUS was available.15

The first 5 scenarios included only diagnostic imaging tests. In the
first scenario, MRDTI would have been performed in all patients
and anticoagulant treatment would have been started in case of
a MRDTI positive for DVT. In the second scenario, all patients would
have been referred for CUS, which was either normal or abnormal,
and anticoagulant treatment would have been started in case of an
abnormal CUS. In the third scenario, CUS would have been
performed in all patients but the results were judged as positive/
negative/inconclusive and anticoagulant treatment would have
been started in patients with a positive or inconclusive CUS. In
the fourth scenario, all patients would have been referred for CUS
and MRDTI would be performed in case of an abnormal CUS.
Anticoagulant treatment would have been started in patients with
a MRDTI positive for recurrent DVT. In the fifth scenario, CUS would
have been performed in all patients and only patients with an
inconclusive CUS would have been referred for MRDTI. Anticoag-
ulant treatment would have been started based on a positive MRDTI
or positive CUS result. In scenarios 6 to 10, the combination of
CDR assessment and D-dimer testing was added as initial step to
scenarios 1 to 5. Diagnostic imaging (CUS and/or MRDTI) would
only be performed in patients with a likely clinical probability and/or
abnormal D-dimer result.

Definitions

A likely clinical probability according to the Wells rule was defined
as a Wells score of $2 points.16 An abnormal D-dimer test was
defined as abnormal according to the assay dependent threshold,
because this differed between the various assays used in the Theia
study. An evaluation of the diagnostic performance of the Wells rule
and D-dimer testing in the Theia study was recently published.17 A
normal CUS was defined as full compressibility along the venous
system. An abnormal CUS was defined as 1 or more non-
compressible venous segments. A positive CUS was defined as
a new noncompressible segment or a $2 to 4 mm increase in vein
diameter of a previously noncompressible venous segment when
compared with a reference CUS. A negative CUS was defined as
the absence of a noncompressible segment or the absence of
a new noncompressible segment in comparison with a reference
CUS and a ,2 mm increase in vein diameter of a previously
noncompressible vein. An inconclusive CUS was defined as 1 or
more noncompressible venous segment(s) in the absence of
a reference CUS for comparison. An MRDTI scan positive for
acute DVT was defined as a high signal intensity in the location of
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a deep vein against the suppressed background greater than that
observed in the contiguous segments or corresponding ipsilateral
vein. Major bleeding and clinically relevant nonmajor (CRNM)
bleeding were defined according the International Society on
Thrombosis and Haemostasis criteria.18,19

Costs

One-year health care costs are reported in euros at a price level of
2019 and included diagnostic, anticoagulant medication, manage-
ment, and bleeding complication costs (Table 1). The diagnostic
costs included initial admission costs at the emergency department
(ED) and costs for basic laboratory measurements for all patients.
Depending on the diagnostic scenario, additional costs for the
diagnostic tests (D-dimer, CUS, and/or MRDTI) were included.

Anticoagulant medication costs for a 1-year period were calculated
including the price of the medication itself (including value-added
tax) and an additional €6 delivery costs of the medication per regular
delivery.20 Data from IQVIA, a global health care data source
company, were used to estimate the proportions of the different
types of anticoagulants, including DOACs, vitamin K antagonists
(VKAs), and low-molecular-weight heparins (LMWHs). For the
estimation of the costs of LMWH, the price of Nadroparin (Aspen
Netherlands bv) was used, because it is the most prescribed
LMWH in the Netherlands.21 Because data of the average body
weight in the Theia study population were not available, we used the
mean body weight from a recent Dutch study, in which a CDR was
evaluated in patients with suspected acute PE.22

For the estimation of the management costs, costs for hospital
admission, outpatient visits, and compression stockings for patients
diagnosed with recurrent DVT were calculated. Data on hospital
admission rate and duration were not available for the Theia study
population. Therefore, hospital admission costs were estimated
assuming that 14% of patients diagnosed with recurrent DVT would

be hospitalized, for a mean duration of 7.2 days, based on available
literature.23,24 The outpatient visit costs included 2 routine visits,
which was in accordance with local hospital protocols. We estimated
that all patients diagnosed with recurrent DVT (at baseline or during
follow-up period) would be treated with (at least) 1 pair of class II
compression stockings.

Finally, costs caused by bleeding complications were calculated by
multiplying the costs per complication with the estimated risk for
bleeding in VKA and DOAC treatment and the estimated number of
VKA and DOAC users (Table 1). The risk for bleeding in VKA vs
DOAC treatment was obtained from previous publications and was
set at 1.7% vs 1.1% for nonintracranial major bleeding, 0.25% vs
0.09% for intracranial bleeding, and 8.4% vs 6.6% for CRNM
bleeding.25

For this analysis, initial diagnostic costs were defined as diagnostic
costs including ED admission and both laboratory and imaging
costs for the first hospital presentation. Return diagnostic costs
included the costs for ED readmission and both laboratory and
imaging costs for patients returning for repeated diagnostic imaging
after a missed DVT diagnosis. The treatment costs were defined as
anticoagulant medication costs, management costs, and costs for
bleeding complications for all patients with recurrent DVT. The
overtreatment costs included the anticoagulant medication costs,
management costs, and costs for bleeding complications for
patients who were falsely diagnosed with recurrent DVT.

Decision analytic model

From patient-level data of the Theia study, the prevalence of
recurrent ipsilateral DVT was calculated as was the diagnostic
accuracy of each test, conditional to the outcome of preceding
tests and disease prevalence (Figure 1). From these, the true-
positive, false-negative, true-negative, and false-positive rates of
each of the 10 diagnostic scenarios were estimated. False-negative

Suspected recurrent 
ipsilateral DVT

Recurrent ipsilateral DVT 
excluded

Recurrent ipsilateral DVT 
diagnosed

Clinical decision rule 
and D-dimer

yes/no

Compression 
ultrasonography

yes/no

Magnetic Resonance Direct 
Thrombus Imaging scan

yes/no

10 diagnostic scenarios:

1.  MRDTI only

2.  CUS (normal/abnormal) only

3.  CUS (positive/negative/inconclusive) only

4.  Only CUS (normal/abnormal) in case of a likely CDR and/or abnormal DD

5.  Only CUS (positive/negative/inconclusive) in case of a likely CDR and/or abnormal DD

6.  Only MRDTI in case of an abnormal CUS 

7.  Only MRDTI in case of an inconclusive CUS 

8.  Only MRDTI in case of a likely CDR and/or abnormal DD

9.  Only MRDTI in case of a likely CDR and/or abnormal DD and an abnormal CUS 

10. MRDTI in case of a likely CDR and/or abnormal DD and an inconclusive CUS 

Figure 1. Ten diagnostic scenarios for the diagnostic workup of suspected recurrent ipsilateral DVT. In these scenarios, various combinations of a clinical decision

rule and D-dimer testing (CDR1DD) and diagnostic imaging with CUS and/or MRDTI are applied.
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diagnoses (also referred to as misdiagnosis in this analysis) were
defined as (1) patients in whom recurrent DVT was excluded based
on an unlikely CDR in combination with a normal D-dimer or based
on a negative CUS but with a positive MRDTI for recurrent DVT or
(2) patients in whom recurrent DVT was excluded based on
a negative MRDTI but with recurrent VTE during 3 months of follow-
up. False-positive diagnoses were defined as patients with a positive
or inconclusive CUS but negative MRDTI for recurrent DVT. For
reference, we also assessed scenarios that treat all patients, treat
no patients, and treat only those patients with a likely CDR and/or
abnormal D-dimer (ie, scenarios without imaging tests). These
reference scenarios are hypothetical and do not serve as a realistic
or ethically defendable scenarios for clinical practice.

For each scenario, costs of diagnostic tests were counted for the
number of patients undergoing the tests. For each true-negative
outcome, only the initial diagnostic costs were counted (Figure 2).
For each true-positive and false-positive outcome, additional
treatment and overtreatment costs, respectively, were counted. For
false-negative outcomes, we conservatively made the following 3
assumptions. First, we assumed that all patients with a false-
negative diagnosis would return to the ED for repeated diagnostic
testing. Second, the costs of the repeated diagnostic testing (ie,
return diagnostic costs) would be the same as at initial presentation,
except for the following scenarios: (a) in scenarios including CDR
assessment and D-dimer testing and radiologic imaging (CUS and/or

MRDTI) where only repeated radiologic testing would be performed
and (b) in scenarios including MRDTI after CUS where only repeated
CUSwould be performed. Third, we assumed that all patients with an
initial false-negative diagnosis would have a true-positive diagnosis at
the repeated diagnostic testing and thus included treatment costs as
for models where a true-positive diagnosis was made.

The mortality risk included 3 types of mortality: (1) mortality from
misdiagnosis, (2) mortality from recurrent fatal PE, and (3) mortal-
ity from anticoagulant-related bleeding. (1) For the mortality risk
associated with misdiagnoses, we considered the probability of
death for the time period between the false-negative diagnosis and
the moment of the true-positive diagnosis, using the exact timelines
observed in the Theia study. This was estimated as a fixed 2.05% of
the number of false-negative diagnoses (ie, obtained from previous
publications) that 50% of the patients with DVT would have
asymptomatic PE and 4.1% of all PEs is fatal.26-30 (2) The mortality
risk as a result of recurrent fatal PE during 1-year follow-up period
was calculated for patients with a false-positive, true-positive, or
initial false-negative and true-negative diagnosis. (2a) The risk for
mortality from recurrent fatal PE in patients with a false-positive
diagnosis was set as 0.0%, because the risk for fatal PE in patients
with no recurrent DVT at baseline but who were falsely treated with
anticoagulants is estimated to be negligible. (2b) The risk for
mortality from recurrent fatal PE during anticoagulant treatment in
patients with a true-positive diagnosis and an initially false-negative

Table 1. Total 1-year health care costs, including diagnostic, anticoagulant medication, management, and bleeding complication costs

Specification Prices, € (2019) Volume Percentage

Average costs per patient per

year, € (2019) Source

Diagnostic costs

ED admission 276.61 1.00 100 276.61 Kanters et al40

Laboratory test* Without D-dimer 24.84 1.00 100 24.84 Kosteninkaart41

Including D-dimer 34.54 1.00 100 34.54 Kosteninkaart41

Radiologic imaging CUS 107.60 1.00 100 107.60 Kosteninkaart41

MRDTI 237.87 1.00 100 237.87 Kosteninkaart41

Anticoagulant medication costs

DOACS (day) Apixaban 4.49 the first 7 d, 2.25 thereafter 1.00 17.2 143.95 Zorginstituut20

Rivaroxaban 4.71 the first 21 d, 2.35 thereafter for 6 mo,
2.50 thereafter

1.00 53.6 501.19 Zorginstituut20

Dabigatran 2.44, prior 5 d LMWH use 1.00 4.8 45.23 Zorginstituut20

Edoxaban 2.44, prior 5 d LMWH use 1.00 4.8 45.23 Zorginstituut20

VKA (day) 0.09, prior 7-d LMWH use 1.00 17 17.89 Zorginstituut20

LMWH (day) 10.34 1.0 2.6 0.27 Zorginstituut20

Management costs

Hospital admission (day) 512.44 7.2 14 512.44 Kanters et al40

Outpatient visit 97.19 2.0 100 194.38 Kanters et al40

Compression stockings 71.45 1.0 100 71.45 Steunkousen.nl42

Bleeding costs

Non-intracranial major bleeding 5 348.23 1.0 1.14 60.93 De Jong et al43

Intracranial bleeding (acute care) 21759.32 1.0 0.10 21.87 De Jong et al43

Intracranial bleeding (long-term care) 62838.54 1.0 0.10 63.17 De Jong et al43

CRNM bleeding 32.62 1.0 6.72 2.19 De Jong et al43

*Laboratory costs included order for collection of blood, hemoglobin/hematocrit and cell indices, leukocytes, thrombocytes, creatine (and estimated glomerular filtration rate), urea, sodium
and potassium levels, and bleeding time tests.
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diagnosis was set at 0.07%, which was obtained from previous
publications.25 (2c) Mortality as a result of recurrent fatal PE in true-
negative patients without anticoagulant treatment was estimated as
0.18%, also obtained from previous studies.31,32 (3) The mortality risk
as a result of bleeding related to anticoagulant treatment was
estimated as 0.07% of the number of those treated with
anticoagulants (ie, true positives, false negatives, and false
positives), including 0.06% among DOAC users vs 0.17% among
VKA users.25

For each diagnostic scenario, the estimated 1-year health care
costs were plotted against the estimated mortality. Diagnostic
scenarios with costs and mortality equal or higher than other
scenarios were not considered cost effective.33 The remaining
scenarios constitute the efficient frontier (ie, the set of potentially
most cost-effective strategies). For these scenarios, incremental
cost‐effectiveness ratios (ICERs) were calculated, defined by the
difference in costs divided by the difference in mortality. The
estimated costs per-prevented-death ratios were used to select the
optimal scenario. In the Netherlands, interventions are considered
cost-effective up to 20000 to 80 000 euros per quality-adjusted life
years (QALY).34 Assuming a quality-adjusted life expectancy of
about 25 years in our population, these thresholds translate to 0.5
to 2 million euros per prevented death.35,36 Excel (Microsoft,
Redmond, WA) was used to perform all analyses.

Results

Study patients

The Theia study flowchart was described in previous publications
from the Theia study.13,17 A total of 234 patients were included in
this analysis, excluding 71 patients for the following reasons:
therapeutic anticoagulant treatment$48 hours before presentation
(n 5 68), inconclusive MRDTI because of artifacts (n 5 1), MRDTI
not performed because of claustrophobia (n 5 1), and protocol
deviation (n5 1). The baseline characteristics of the study population
are shown in Table 2. The DVT prevalence (baseline and 3-month
follow-up combined) was 43% (100 of 234). The diagnostic
accuracy of each test, depending on preceding tests, are reported
in Table 3 and supplemental Appendix A.

Costs

The estimated total 1-year health care costs per patient for all
diagnostic scenarios are shown in Figure 3 and Table 3. Although
MRDTI itself is more expensive than CUS, health care costs of
diagnostic management strategies including MRDTI (range, €1219-
1296) were calculated to be comparable or lower than diagnostic
strategies without MRDTI (range, €1278-1529) because of
superior specificity (sensitivity, 97%-99% vs 98%-100%; specific-
ity, 90%-100% vs 60%-84%).

When CDR and D-dimer testing were applied as initial diagnostic
tests, health care costs were lower, even considering the higher
false-negative rate. This could be explained by the lower initial
diagnostic costs, because of decreased imaging costs, and the
lower false-positive rate. The diagnostic strategy including
CDR and D-dimer testing, CUS, and subsequent MRDTI in case
of an inconclusive CUS was associated with the lowest 1-year
health care costs of €1219 (scenario 10). The diagnostic
strategy including CUS (normal/abnormal) and treatment in all
patients with an abnormal CUS (scenario 2) would be the
most expensive strategy (1-year health care costs of €1529),
because of high false-positive rates. Notably, the most and

Initial diagnostic costs

All patients

True-positive
diagnosis

False-negative
diagnosis

False-positive
diagnosis

True-negative
diagnosis

Treatment costs

Return diagnostic costs

Overtreatment costs

True-positive
diagnosis

Figure 2. Flowchart of diagnostic and (over)treat-

ment costs for each diagnosis.

Table 2. Baseline characteristics of 234 patients with suspected

recurrent ipsilateral deep vein thrombosis included in this analysis

Characteristics Data

Mean age (6SD), y 56 (16)

Male, n (%) 110 (47)

Median duration of complaints (IQR), d 4 (2-7)

More than 1 prior VTE episode, n (%) 50 (21)

Mean time since the last DVT episode (6SD), y 6.9 (9.2)

Active malignancy, n (%) 10 (4.3)

Immobility for .3 d or recent long travel .6 h in the past 4 wk, n (%) 15 (6.4)

Trauma/surgery during the past 4 wk, n (%) 9 (3.8)

Hormone (replacement) therapy, n (%) 5 (2.1)

Known genetic thrombophilia, n (%) 19 (8.1)
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least expensive strategy differed for only €320, which is
a relatively limited difference.

Cost effectiveness

The estimated total 1-year health care costs of each diagnostic
scenario were plotted against the predicted mortality per 10 000
patients (Figure 4; Table 3). Strategies at the bottom left of the
figure are optimal, with low costs and low mortality. The diagnostic
strategy that treats all patients had the lowest predicted mortality
(1 per 1029 patients) but with highest estimated total health care
costs. Four diagnostic scenarios were on the efficient frontier and
thus potentially the most cost-effective strategies: CDR and
D-dimer testing followed by CUS (positive/negative/inconclusive)
and MRDTI (scenario 10), CUS (positive/negative/inconclusive)
followed by MRDTI (scenario 7), CUS (normal/abnormal) alone
(scenario 2), and the treat all scenario. All other strategies were
dominated with either higher health care costs or higher mortality.

Of the 4 scenarios on the efficient frontier, diagnostic scenario 10
has the lowest estimated costs of on average €1219 per patient
with a predicted mortality of about 1 per 573 patients. Compared
with scenario 10, diagnostic scenario 7 increases average costs by
€45 per patient and reduces mortality to 1 per 609 patients. The
associated ICER for scenario 7 vs 10 is 0.4 million euros per
prevented death. Scenario 2 further increases average costs by
€266 per patient and decreases the predicted mortality to 1 per
737 patients. Here, the associated ICER of scenario 2 vs 7 is 0.9
million euros per prevented death. In the treat all scenario, the
average cost per patient further increases with €475 compared with
scenario 2, whereas the estimated mortality decreases to 1 per
1029 patients. The associated ICER of the treat all scenario vs
scenario 2 is 1.2 million euros per prevented death. For an
acceptability threshold of 0.5 to 2 million euros per prevented death,
scenario 10 is discarded, because scenario 7 provides lower
mortality at acceptable costs (as 0.4, 0.5 million). Thus, scenarios
7 and 2 and the treat all scenario remain potentially optimal
strategies (as 0.5 , 0.9 , 1.2 , 2 million).

Discussion

Our aim of this analysis was to compare the estimated total 1-year
health care costs in the Dutch clinical setting between different
diagnostic scenarios in case of suspected recurrent ipsilateral DVT,
in relation to the associated predicted mortality. We found that
diagnostic strategies applying MRDTI have comparable or higher
diagnostic accuracy at generally lower 1-year health care costs.
Moreover, the diagnostic strategy including CUS followed by
MRDTI in case of an inconclusive CUSwas a potential optimal cost-
effective strategy. The diagnostic strategies including CUS alone
and treat all were also potential optimal strategies, but the treat all
scenario is not realistic or ethically defendable for clinical practice.

Recently, MRDTI was proven to be an accurate, simple, feasible,
and reproducible diagnostic test in suspected recurrent ipsilateral
DVT.13 Even so, as a MRDTI scan is more expensive and less
available than a CUS examination, hospitals may choose diagnostic
strategies with CUS over strategies including MRDTI. Our model
shows that the total health care costs of strategies including MRDTI
were comparable or even lower compared with strategies without
MRDTI. Savings on treatment costs resulted from the higher
specificity of MRDTI and thus less false-positive diagnoses compared
with CUS. This was also found in previous publications in which CUST
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could not exclude recurrent DVT in 30% of patients with suspected
recurrent ipsilateral DVT,7,13 resulting in overtreatment and sub-
sequent risk for major bleeding.

Strengths and limitations

This study presents a cost-effectiveness model in which detailed
estimation of patient-level costs for different diagnostic strategies
are calculated. The strength of this analysis is the use of a large
patient cohort to estimate the diagnostic accuracy of each test and
estimate the true-positive, false-negative, true-negative, and false-
positive rate of each of the 10 diagnostic scenarios. Moreover, the
original study included an accurate follow-up of the included patients
and adjudication of end points by an independent committee.
Therefore, we believe that this analysis provides an accurate overview
of the total health care costs in different diagnostic strategies for
a Dutch health care setting.

Our model has also limitations especially because the validity and
robustness of the model depends on the impact of uncertainties in
key input parameters. First, the results must be interpreted within
the framework and limitation of findings of the Theia study. One of
these limitations is that Theia study included a relatively limited
number of patients resulting in a broad confidence interval of the
primary outcome. Moreover, this was a management study in which
a cohort of patients followed a study algorithm in which they were
subjected and treated according the MRDTI result and not according
CDR, D-dimer, andCUS results. Also, D-dimer levels andCUS results
were not available for all patients. Even so, because few limiting
exclusion criteria were applied in the Theia study, the presented
results of the current study are more generalizable to a broad patient
population than those from a randomized controlled trial.

Second, accurate mortality estimates could not be obtained from
our Theia cohort, as none of the patients died of a missed diagnosis,
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recurrent fatal PE, or anticoagulant-related bleeding. We therefore
estimated these risks from available literature, but this resulted in
some counterintuitive estimates: anticoagulation treatment was
optimal even for true-negative patients, as the 0.18% decrease in
recurrent PE mortality outweighed the 0.07% bleeding mortality
from anticoagulation treatment. It is possible that the mortality risk
as a result of anticoagulant-related bleeding is underestimated,
because this was extrapolated from randomized controlled trials
that included low-risk patients. As a result, the treat all strategy
provided the lowest possible mortality in our analysis. Nevertheless,
we do not consider this strategy a good choice.

Third, long-term complications of a missed DVT, including post-
thrombotic syndrome, chronic thrombo-embolic pulmonary hyper-
tension, and post-PE syndrome because of delayed or total lack of
anticoagulant treatment, were not included in the analyses.37-39 The
reason is difficulty in estimating the impact of these long-term
complications on health care costs.

Fourth, we estimated costs per prevented death, whereas in the
Netherlands, only threshold for costs per QALY are used. These
QALY thresholds roughly translate to 0.5 to 2 million euros per
prevented death in our population. Based on this range of
acceptability thresholds the diagnostic scenarios including CUS
alone, CUS followed by MRDTI in case of an inconclusive CUS and
treat all were potential optimal strategies.

Finally, this analysis was based on a Dutch health care setting, and
health care costs for DVT may vary by country. Also, the hospital
length of stay (LOS) may differ in other settings. For the current
analysis, LOS was based on available literature, which included no
studies specifically in patients with suspected recurrent DVT. It is
therefore possible that the true LOS is higher because of a higher
comorbidity rate in suspected recurrent DVT patients compared
with patients with a suspected first DVT episode. On the other hand,
most studies were performed before the DOAC era, and thus LOS in
these studies may be longer because of routine laboratory monitoring
and injectable bridging therapy in anticoagulant management with
LMWHs and VKAs. We performed a sensitivity analysis to compare
the total health care costs in the setting with 3 hospitalization days
instead of 7.2 days and did not find relevant differences.

Clinical implications

What is the relevance of our findings for clinical practice? First, our
model shows that there is a very small difference in the total 1-year
health care costs between the different diagnostic scenarios. In
contrast to what many clinicians may believe, strategies including
MRDTI were not more expensive than strategies without MRDTI
but had comparable or higher diagnostic certainty. Importantly,
because of uncertainty of the risk for recurrent VTE, bleeding,
and mortality in the long term, we did not calculate the total health
care costs .1 year. Even so, the results would then be even more

favorable for strategies including MRDTI, with a lower false-positive
rate, because patients diagnosed with recurrent DVT are often
treated with lifelong anticoagulants with subsequent risk for bleeding.
This result, in the view of this detailed cost-effectiveness analysis, is
an argument to incorporate the MRDTI scan in local protocols and
international guidelines for the diagnostic workup of suspected
recurrent ipsilateral DVT in daily clinical practice. Because we did not
directly compare the different strategies prospectively and had to
base the model on several assumptions, we cannot determine which
one would be the best strategy. Our analysis does, however, suggest
to omit costs as a reason to dismiss the use of MRDTI in the
diagnostic management of suspected recurrent ipsilateral DVT.

In conclusion, our analysis shows that the diagnostic strategies
involving MRDTI for suspected recurrent ipsilateral DVT have
comparable or lower total 1-year health care costs, compared with
strategies without MRDTI. Therefore, compared with CUS alone,
applying MRDTI in clinical practice will not increase health care costs.
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