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AbstrAct
Objective
To evaluate the safety and efficiency of a diagnostic 
algorithm for deep vein thrombosis (DVT) that uses 
clinical pretest probability based D-dimer thresholds 
to exclude DVT.
Design
Prospective diagnostic management study.
setting
University based emergency departments or 
outpatient clinics in Canada.
ParticiPants
Patients with symptoms or signs of DVT.
interventiOn
DVT was considered excluded without further testing 
by Wells low clinical pretest probability and D-dimer 
<1000 ng/mL or Wells moderate clinical pretest 
probability and D-dimer <500 ng/mL. All other patients 
had proximal ultrasound imaging. Repeat proximal 
ultrasonography was restricted to patients with 
initially negative ultrasonography, low or moderate 
clinical pretest probability, and D-dimer >3000 ng/mL 
or high clinical pretest probability and D-dimer >1500 
ng/mL. If DVT was not diagnosed, patients did not 
receive anticoagulant treatment.
Main OutcOMe Measure
Symptomatic venous thromboembolism at three 
months.
results
1508 patients were enrolled and analysed, of whom 
173 (11.5%) had DVT on scheduled diagnostic 

testing. Of the 1275 patients with no proximal 
DVT on scheduled testing who did not receive 
anticoagulant treatment, eight (0.6%, 95% confidence 
interval 0.3% to 1.2%) were found to have venous 
thromboembolism during follow-up. Compared with 
a traditional DVT testing strategy, this diagnostic 
approach reduced the need for ultrasonography from 
a mean of 1.36 scans/patient to 0.72 scans/patient 
(difference −0.64, 95% confidence interval −0.68 to 
−0.60), corresponding to a relative reduction of 47%.
cOnclusiOns
The diagnostic strategy using a combination of 
clinical pretest probability and D-dimer identified a 
group of patients at low risk for DVT during follow-up 
while substantially reducing the need for ultrasound 
imaging.
registratiOn
ClinicalTrials.gov NCT02038530.

Introduction
Clinical evaluation, D-dimer blood testing, and 
ultrasound imaging are widely used in the evaluation 
of suspected deep vein thrombosis (DVT) of the lower 
extremities. Evidence indicates that the presence of 
any two of three assessments—low clinical pretest 
probability, negative D-dimer test (usually <500 ng /
mL), and negative ultrasound imaging of the proximal 
veins—is associated with a sufficiently low probability 
of subsequent thrombotic complications that DVT can 
be considered excluded.1-4

When DVT is suspected, diagnostic testing often starts 
with assessment of clinical pretest probability. DVT is 
considered excluded if clinical pretest probability is 
low and the D-dimer test is negative. If clinical pretest 
probability is moderate or high, ultrasound imaging 
is often performed without measurement of D-dimer. 
Two types of ultrasound imaging can be used—of the 
proximal veins only (referred to as “proximal vein 
ultrasonography”) or of the proximal and the distal 
veins (referred to as “whole leg ultrasonography”). 
Proximal vein ultrasonography has both high positive 
and high negative predictive values for proximal DVT,2 
but a negative examination does not exclude isolated 
distal DVT that might extend proximally.5 Therefore, 
with a negative examination in patients with high 
suspicion for DVT, proximal venous ultrasonography 
is repeated a week later, which is inconvenient and 
costly. Whole leg ultrasonography has the advantage 
of high negative predictive value for both proximal and 
isolated distal DVT,6 but it takes longer to perform, 
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WhAt Is AlreAdy knoWn on thIs topIc
Cohort studies showed the safety of excluding deep vein thrombosis (DVT) in 
patients with a low clinical pre-test probability or unlikely Wells score and a 
negative D-dimer
Post hoc and subgroup analyses suggested that DVT can be excluded by D-dimer 
<1000 ng/mL in patients with low clinical pretest probability and D-dimer <500 
ng/mL in those with moderate probability

WhAt thIs study Adds
Using a D-dimer threshold of 1000 ng/mL in patients with low clinical probability 
and 500 ng/mL in those with moderate probability safely excluded DVT
D-dimer thresholds of 1500 ng/mL and 3000 ng/mL could be used to determine 
the need for repeat proximal ultrasonography in patients with low/moderate and 
high probability, respectively
This strategy reduced the need for ultrasonography by 47%
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has a lower positive predictive value for isolated distal 
DVT,7 and has the potential to detect distal thrombi 
that do not need treatment.

In a previous analysis, we showed that use of pretest 
probability specific cut-off points for D-dimer excluded 
DVT in a greater proportion of patients than use of 
a single cut-off point, without sacrificing negative 
predictive value.8 A post hoc analysis of the SELECT 
trial showed that a D-dimer concentration <1000 ng/
mL in patients with low clinical pretest probability and 
<500 ng/mL in those with moderate clinical pretest 
probability had negative predictive values of 100% 
and 99.6%, respectively, and that raising the D-dimer 
threshold to determine the need for repeat proximal 
ultrasound imaging was safe (see supplementary 
materials).9

On the basis of these considerations, the goal of this 
study was to evaluate a diagnostic algorithm for DVT 
that was designed to minimise the need for ultrasound 
imaging. We hypothesised that two innovations in 
interpretation of D-dimer results would reduce the need 
for ultrasound imaging. The first was to increase the 
proportion of patients who had DVT excluded by using 
clinical pretest probability assessment and D-dimer 
testing at initial presentation. This would be achieved 
by using a D-dimer <1000 ng/mL to exclude DVT in 
patients with low clinical pretest probability and a 
D-dimer <500 ng/mL to exclude DVT in patients with 
moderate clinical pretest probability. The second was 
to restrict follow-up proximal vein ultrasonography at 
one week to patients with markedly elevated D-dimer 
concentrations. To test the safety of this strategy, which 
we termed the “4D (Designer D-dimer DVT Diagnosis) 
algorithm,” we used this diagnostic strategy to manage 
outpatients with suspected DVT.

Methods
study patients
Patients presenting to emergency departments or 
outpatient clinics with symptoms or signs suggestive 
of DVT were potentially eligible to be included in 
this prospective management study. To ensure that 
the D-dimer test and clinical pretest probability 
scoring were independent, we excluded patients if 
the D-dimer concentration was known before clinical 
pretest probability was assessed. We excluded patients 
who had received full dose anticoagulation for ≥24 
hours at the time of testing because it reduces the 
sensitivity of the D-dimer test. Excluding patients with 
a previous diagnosis of DVT ensured that we would 
not mistake residual DVT for acute DVT. Age <18 years 
and pregnancy were also exclusion criteria because 
D-dimer and clinical pretest probability have not been 
extensively studied in these populations. We excluded 
patients with a suspected pulmonary embolism 
because guidelines recommend that these patients 
are tested for pulmonary embolism and not DVT. We 
also excluded patients taking anticoagulation for other 
indications, those expected to die within 90 days, 
and those who were geographically inaccessible for 
follow-up. When patients had venous ultrasonography 

contrary to the protocol, they were excluded from 
study participation.

Patients were enrolled prospectively at 10 university 
based clinical centres in Canada. The study was 
approved by the research ethics boards of participating 
institutions, and all patients provided informed 
consent. Depending on the preference of the research 
ethics board at the participating institution, patients 
either provided written consent before diagnostic 
testing or provided written or verbal consent within 
days after having undergone diagnostic testing that 
was consistent with the study’s protocol.

Patient enrolment and care management
At the time of enrolment, clinical centres used a central 
web based system to register patients. Physicians used 
the nine item Wells rule (scores range from −2 to 8, with 
higher scores indicating a higher probability of DVT) to 
categorise the patient’s clinical pretest probability as 
low (score −2 to 0), moderate (1 or 2), or high (≥3) (table 
1).2 They had access to a hard copy of the Wells rule but 
did not receive individual training in its completion. 
At the start of the study, D-dimer was measured 
using the Triage D-dimer assay (Quidel Corporation), 
and patients with a low or moderate clinical pretest 
probability and a D-dimer <1000 ng/mL and those with 
high clinical pretest probability and a D-dimer <500 ng/
mL underwent no further diagnostic testing for DVT. 
However, after 253 patients were enrolled, in response 
to a slow rate of enrolment primarily because the point-
of-care Triage D-dimer assay was not available as a 
routine test in participating centres, the protocol was 
amended as follows: local hospital D-dimer assays 
were allowed, and patients with low clinical pretest 
probability and a D-dimer <1000 ng/mL or with a 
moderate clinical pretest probability and a D-dimer 
<500 ng/mL underwent no further diagnostic testing 
for DVT and did not receive anticoagulant treatment. 
All other patients underwent ultrasound imaging (fig 
1). All D-dimer assays were measured in fibrinogen 
equivalent units. No analyses were done until study 
enrolment was complete and all patients (including 
the 253 patients enrolled before protocol amendment) 
were analysed according to the amended protocol.

Proximal ultrasonography assessed venous 
compressibility at 1 cm intervals from the common 
femoral vein down to and including the calf vein 
trifurcation in the symptomatic leg(s). Examination 
of the calf veins distal to the calf vein trifurcation 
was actively discouraged. The sole criterion for 
diagnosis of DVT by ultrasonography was incomplete 
compressibility of a venous segment. If ultrasound 
imaging showed DVT, patients received anticoagulant 
treatment. If ultrasound imaging did not show DVT, 
patients did not receive anticoagulant treatment; 
the subgroup of these patients who had a markedly 
elevated D-dimer concentration (D-dimer >3000 ng/
mL in patients with low or moderate clinical pretest 
probability and >1500 ng/mL in those with high 
clinical pretest probability) had proximal venous 
ultrasonography repeated after one week (fig 1).
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Follow-up and outcomes
Study outcomes—DVT, pulmonary embolism, and 
death—were assessed by telephone at 90 days 
after initial diagnostic testing. In addition, study 
participants were instructed at enrolment to contact 
study personnel urgently or to attend the emergency 
department if their initial symptoms did not improve 
or if they developed new symptoms of pulmonary 
embolism. During follow-up, patients with symptoms 
of DVT or pulmonary embolism underwent appropriate 
diagnostic imaging; D-dimer testing was discouraged 
to avoid incorporation bias.

The primary outcome was symptomatic, objectively 
verified, venous thromboembolism, which included 
proximal DVT or pulmonary embolism. A central 
adjudication committee, whose members were 
unaware of the results of diagnostic testing at initial 
presentation and whether patients had received 
anticoagulant treatment, used predefined criteria 
to evaluate all outcome events. Cause of death was 
determined using all available information (for 
example, hospital and primary care clinical records, 
autopsy findings).

statistical analysis
The sample size calculation required that the 
percentage of patients with venous thromboembolism 
diagnosed during follow-up, among those negative 
for DVT by the 4D algorithm, be estimated with high 
precision (expected to be 0.6%). With a one sided α 
level of 5%, a sample of 1374 patients would give the 
study 99% power to rule out a percentage with venous 
thromboembolism of 2.0%. Assuming that patients 
not found to have DVT by the 4D algorithm would be 

93% of the total study population, and adding 1.5% 
for possible losses to follow-up, we estimated that we 
needed a sample size of 1500.

We summarised outcome measures as point 
estimates, expressed as percentages, with 95% 
confidence intervals calculated with the use of the 
Wilson score method. The primary analysis examined 
the incidence of venous thromboembolism during the 
90 day follow-up period among all enrolled patients 
not diagnosed as having DVT by the 4D algorithm who 
did not receive anticoagulant therapy.

The secondary analyses included the percentage 
of patients who were diagnosed as having venous 
thromboembolism during follow-up among patients 
with low clinical pretest probability and D-dimer 
<1000 ng/mL or moderate clinical pretest probability 
and D-dimer <500 ng/mL. Secondary analyses also 
included the number of deaths overall and the number 
of ultrasound examinations that were avoided by 
use of the 4D algorithm instead of a conventional 
algorithm (that is, initial ultrasonography performed 
in all patients who did not have low clinical pretest 
probability and D-dimer <500 ng/mL and follow-
up ultrasonography performed in all patients with 
initial negative ultrasonography and moderate or 
high clinical pretest probability). We expressed the 
difference in the number of ultrasound examinations 
as the difference in the mean number of examinations 
per enrolled patient, with 95% confidence intervals. 
We used the Agresti-Min method to obtain 95% 
confidence intervals for the paired difference in the 
percentage of patients who would undergo initial and 
follow-up ultrasound imaging and D-dimer testing. We 
used SAS 9.4 and R 3.5.1 for statistical analyses.

table 1 | baseline characteristics and initial diagnostic testing. values are numbers (percentages) unless stated otherwise
characteristic all patients (n=1508) low c-PtP (n=529) Moderate c-PtP (n=649) High c-PtP (n=330)
Mean (SD) age, years 60 (18) 59 (18) 60 (18) 64 (17)
Female sex 877 (58) 328 (62) 377 (58) 172 (52)
Mean (SD) weight, kg 86 (24) 84 (22) 87 (24) 87 (25)
Median (range) duration of symptoms, days 7 (0-2191) 7 (0-2191) 7 (0-380) 7 (0-379)
Symptomatic leg,:
 Right only 648 (43) 211 (40) 291 (45) 146 (44)
 Left only 761 (50) 276 (52) 314 (48) 171 (52)
 Bilateral 99 (7) 42 (8) 44 (7) 13 (4)
Wells score items (points per item)*:
 Malignancy or treatment <6 months (1) 76 (5) 13 (2) 26 (4) 37 (11)
 Paralysis, paresis, cast immobilisation (1) 72 (5) 11 (2) 25 (4) 36 (11)
 Bedridden/surgery in <4 weeks (1) 158 (10) 17 (3) 78 (12) 63 (19)
 Tenderness in deep vein distribution (1) 673 (45) 93 (18) 342 (53) 238 (72)
 Entire leg swollen (1) 405 (27) 44 (8) 143 (22) 218 (66)
 Calf swelling >3 cm asymptomatic side (1) 504 (33) 52 (10) 190 (29) 262 (79)
 Pitting oedema only in symptomatic leg (1) 498 (33) 68 (13) 188 (29) 242 (73)
 Dilated superficial veins (non-varicose) (1) 139 (9) 26 (5) 56 (9) 57 (17)
 Alternative diagnosis as or more likely (−2) 478 (32) 413 (78) 62 (10) 3 (1)
Mean (SD) Wells score 1.0 (1.8) −0.9 (0.8) 1.4 (0.5) 3.5 (0.7)
D-dimer assay used†:
 STA-Liatest 948 (63) 284 (54) 455 (70) 209 (63)
 HemosIL HS 500 214 (14) 129 (24) 50 (8) 35 (11)
 Innovance 67 (4) 29 (6) 23 (4) 15 (5)
 Triage 270 (18) 87 (16) 121 (19) 62 (19)
C-PTP=clinical pretest probability; DVT=deep vein thrombosis; SD=standard deviation.
*C-PTP was categorised as low with Wells score of −2 to 0, moderate with score of 1 or 2, and high with score of 3 or higher.
†9 patients with high C-PTP who had DVT on initial ultrasound did not have D-dimer test done.
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Patient and public involvement
Patients were not involved in the study design 
or analyses and did not contribute to the paper. 

The study was endorsed by the Canadian Venous 
Thromboembolism Research (CanVECTOR) Network 
(www.canvector.ca), which consists of patient 
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Fig 1 | Patient flow, results of initial diagnostic testing, and venous thromboembolism outcomes during follow-up. *D-dimer not done in 1 patient 
owing to machine error (no vte during follow-up). †anticoagulation in 3 patients for atrial fibrillation, of whom 1 had negative ultrasonography 
at baseline. ‡ultrasonography not performed in 1 patient (no vte during follow-up). §anticoagulation in 5 patients: renal vein thrombosis; atrial 
fibrillation; suspected Dvt during follow-up; arterial thrombus; gastrocnemius vein thrombosis. ¶anticoagulation in 4 patients: atrial fibrillation; 
suspected Dvt during follow-up; superficial vein thrombosis; gastrocnemius vein thrombosis. **initial ultrasonography not performed in 23 patients 
(none had vte during follow-up): 17 patients with D-dimer 500-1000 ng/ml as per original protocol; 6 patients protocol violation. ††anticoagulation 
in 3 patients: isolated distal Dvt during follow-up; non-st-elevation myocardial infarction; atrial fibrillation. ‡‡ultrasonography not performed in 
11 patients with D-dimer <500 ng/ml as per original protocol (1 patient had vte during follow-up). §§D-dimer not done in 1 patient: isolated distal 
Dvt at baseline and anticoagulation (no vte during follow-up). ¶¶anticoagulation in 3 patients: isolated distal Dvt at baseline; 2 superficial vein 
thrombosis. ***anticoagulation in 5 patients: atrial fibrillation; 2 superficial vein thrombosis at repeat ultrasonography; isolated distal Dvt at initial 
assessment but anticoagulation after repeat ultrasonography; isolated distal Dvt at repeat ultrasonography. c-PtP=clinical pretest probability; 
Dvt=deep vein thrombosis; FuP=follow-up; vte=venous thromboembolism
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partners, and the network will play an important role 
in disseminating the results.

results
Patients
From April 2014 through March 2020, the clinical 
centres assessed 3726 patients as meeting the 
inclusion criteria; of those, 1894 met one or more 
exclusions (supplementary table A) and 309 did not 
provide consent, which resulted in registration of 
1523 patients. Shortly after registration and before any 
study outcomes were suspected, central data monitors 
identified that 15 of these patients did not meet major 
eligibility criteria, and we did not include them in 
any analyses (supplementary table B). Therefore, we 
analysed data from 1508 patients.

The mean age of study participants was 60 years, and 
58% were female (table 1). A total of 529 (35%) patients 
had a low clinical pretest probability, 649 (43%) had a 
moderate clinical pretest probability, and 330 (22%) 
had a high clinical pretest probability. Despite negative 
D-dimer testing, seven patients with low clinical pretest 
probability and five patients with moderate clinical 
pretest probability had ultrasound imaging at initial 
presentation; none had DVT. A total of 929 patients were 
scheduled to have initial proximal vein ultrasonography 
(151 patients had low clinical pretest probability with 
D-dimer ≥1000 ng/mL, 448 had moderate clinical 
pretest probability with D-dimer ≥500 ng/mL, and 
330 had high clinical pretest probability) (fig 1). This 
ultrasonography was performed in 894 patients and 
not performed in 35 patients (one patient with low 
clinical pretest probability, 23 with moderate clinical 
pretest probability, and 11 with high clinical pretest 
probability). One (high clinical pretest probability) of 
the 35 patients was subsequently found to have DVT 
in follow-up. Of the 726 patients with initial negative 
ultrasonography for proximal DVT, eight had isolated 
distal DVT on examination of the deep veins distal to 
the calf vein trifurcation contrary to the protocol (four 
of these patients received anticoagulant treatment) 
(supplementary table C).

Of the 726 patients with initial ultrasonography 
negative for proximal DVT, 152 (21%) were scheduled 
to have repeat proximal ultrasonography at one week 
(17 low and 54 moderate clinical pretest probability 
with D-dimer >3000 ng/mL; 81 high clinical pretest 
probability with D-dimer >1500 ng/mL). Of these 152 
scheduled examinations, 137 were performed and five 
showed proximal DVT (plus one isolated distal DVT, for 
which the patient received anticoagulation).

Therefore, 173 patients (11% of all enrolled 
patients) were diagnosed as having proximal DVT 
by the 4D algorithm, of whom 168 had DVT on 
ultrasound imaging on the day of presentation and 
five had DVT on repeat ultrasound imaging at one 
week. During follow-up, 15 patients without DVT 
started anticoagulant treatment for reasons other than 
venous thromboembolism (atrial fibrillation in seven) 
(supplementary table D). Eight (0.5%) patients did not 
complete three months of follow-up (fig 1).

Primary analysis
Of all 1275 (85%) patients who did not receive a diagnosis 
of proximal DVT on 4D testing and who did not receive 
anticoagulant treatment, eight (0.6%, 95% confidence 
interval 0.3 to 1.2) had venous thromboembolism 
during follow-up (fig 1; table 2; supplementary table 
E. A sensitivity analysis excluding the first 253 patients 
enrolled showed similar results (supplementary table F).

secondary analyses
Of 374 (25%) patients who had a low clinical pretest 
probability and a negative D-dimer test (<1000 ng/mL) 
and did not receive anticoagulant treatment, one (0.3%, 
0.1% to 1.5%) patient had venous thromboembolism 
during follow-up (fig 1; table 2; supplementary table E). 
Of these patients with low clinical pretest probability, 
95 had a D-dimer concentration of 500-999 ng/mL, 
and none (0.0%, 0.0% to 3.9%) of these had venous 
thromboembolism during follow-up. Of 197 (13%) 
patients who had a moderate clinical pretest probability 
and a negative D-dimer test (<500 ng/mL) and did not 
receive anticoagulant treatment, one (0.5%, 0.1% to 
2.8%) patient had venous thromboembolism during 
follow-up (fig 1; table 2; supplementary table E). Of 414 
(27%) patients who had negative ultrasound imaging at 
presentation and either low clinical pretest probability 
with D-dimer concentration of 1000-3000 ng/mL or 
moderate clinical pretest probability with D-dimer of 
500-3000 ng/mL and did not receive anticoagulant 
therapy, three (0.7%, 0.3% to 2.1%) patients had venous 
thromboembolism during follow-up. Of 148 (10%) 
patients who had a high clinical pretest probability, 
had negative ultrasound imaging at presentation, had 
a D-dimer concentration of <1500 ng/mL, and did not 
receive anticoagulant treatment, no (0.0%, 0.0% to 
2.5%) patients had venous thromboembolism during 
follow-up (fig 1; table 2; supplementary table E). 
Eighteen deaths occurred during follow-up; no deaths 
were attributed to venous thromboembolism.

ultrasound imaging and use of D-dimer testing
The 4D diagnostic algorithm resulted in a mean of 0.72 
(95% confidence interval 0.68 to 0.75) ultrasound 
scans per enrolled patient. The conventional algorithm 
would result in a mean of 1.36 (1.32 to 1.40) scans 
per patient. The difference in the mean number of 
ultrasound examinations with the 4D algorithm 
compared with the conventional algorithm is −0.64 
(−0.68 to −0.60), corresponding to a relative difference 
of 47% (table 3). The difference in the percentage of 
patients who needed any ultrasound imaging with the 
4D algorithm compared with the conventional algorithm 
was −19.7% (−21.7% to −17.7%), corresponding to a 
relative difference of 24% (table 3). Extending D-dimer 
testing increased the proportion of patients who had 
D-dimer testing from 35% to 60% (table 3).

discussion
We found the 4D DVT testing algorithm to be safe, 
with eight participants diagnosed as having venous 
thromboembolism during follow-up among 1275 who 
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had DVT excluded and did not receive anticoagulant 
treatment, which satisfied the pre-specified criterion of 
the upper bound of the confidence interval being <2%. 
Because most of the patients who had DVT excluded with 
D-dimer had a low clinical pretest probability, our study 
provides strong evidence for excluding DVT with D-dimer 
<1000 ng/mL and low clinical pretest probability (upper 
bound of confidence interval <2%). However, we were not 
able to validate the cut-off of 500 ng/mL in patients with 
moderate clinical pretest probability as a result of the low 
number of patients in this subgroup.

comparison with other studies
Our findings build on those from a post hoc subgroup 
analysis of a previous study using a D-dimer cut-off 
of 1000 ng/mL in patients with low clinical pretest 

table 2 | venous thromboembolism on scheduled diagnostic testing and during follow-
up

Patients vte Percentage (95% ci)
no proximal Dvt on scheduled testing and no anticoagulation
Total 1275 8 0.6 (0.3 to 1.2)
Low C-PTP 509 2 0.4 (0.1 to 1.4)
 Low C-PTP and D-dimer <1000 ng/mL 374 1 0.3 (0.1 to 1.5)
  D-dimer <500 ng/mL 279 1 0.4 (0.1 to 2.0)
  D-dimer 500-999 ng/mL 95 0 0.0 (0.0 to 3.9)
 Low C-PTP and D-dimer ≥1000 ng/mL 135 1 0.7 (0.1 to 4.1)
  D-dimer 1000 to 2999 ng/mL* 119 1 0.8 (0.2 to 4.6)
  D-dimer ≥3000 ng/mL† 16 0 0.0 (0.0 to 19.4)
Moderate C-PTP 543 5 0.9 (0.4 to 2.1)
 Moderate C-PTP and D-dimer <500 ng/mL 197 1 0.5 (0.1 to 2.8)
 Moderate C-PTP and D-dimer ≥500 ng/mL 346 4 1.2 (0.5 to 2.9)
  D-dimer 500-2999 ng/mL* 295 2 0.7 (0.2 to 2.4)
  D-dimer ≥3000 ng/mL† 51 2 3.9 (1.1 to 13.2)
High C-PTP 223 1 0.5 (0.1 to 2.5)
  D-dimer <1500 ng/mL* 148 0 0.0 (0.0 to 2.5)
  D-dimer ≥1500 ng/mL† 75 1 1.3 (0.2 to 7.2)
Proximal Dvt on scheduled testing and anticoagulation
Total 173 5 2.9 (1.2 to 2.6)
Low C-PTP 10 0 -
 DVT on initial ultrasound scan 9 0 -
  D-dimer 1000-2999 ng/mL 5 0 -
  D-dimer ≥3000 ng/mL 4 0 -
 DVT on 1 week ultrasound scan‡ 1 0 -
Moderate C-PTP 76 3 -
 DVT on initial ultrasound scan 73 2 -
  D-dimer 500 to 2999 ng/mL 27 0 -
  D-dimer ≥3000 ng/mL 46 2 -
 DVT on 1 week ultrasound‡ 3 1 -
High C-PTP 87 2 -
 DVT on initial ultrasound scan 86 2 -
  D-dimer <1500 ng/mL 3 1 -
  D-dimer ≥1500 ng/mL 74 1 -
  D-dimer not done 9 0 -
 DVT on 1 week ultrasound scan‡ 1 0 -
Other
Proximal DVT on scheduled testing and no anticoagulation 0 0 -
No proximal DVT on scheduled testing and 
anticoagulation§ 23 0 -

Other protocol deviations¶ 37 1 -
CI=confidence interval; C-PTP=clinical pretest probability; DVT=deep vein thrombosis; VTE=venous 
thromboembolism.
*Patients had negative proximal ultrasound scan at initial presentation and no scheduled repeat scan at 1 week.
†Patients had negative proximal ultrasound scan at initial presentation and again after 1 week (or did not have 
scan that was scheduled to be repeated at 1 week).
‡After initial negative proximal vein ultrasound scan, repeat scan at 1 week was performed only in patients with 
low or moderate C-PTP who had D-dimer ≥3000 ng/mL and those with high C-PTP who had D-dimer ≥1500 ng/
mL.
§Patient group and reasons shown in figure 1; additional details in supplementary table D.
¶Reasons shown in figure 1.
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probability and 500 ng/mL in those with moderate 
clinical pretest probability.9 They add stronger evidence 
for similar approaches in DVT,8-10 and the approach 
and findings are comparable to a testing algorithm 
we recently published for pulmonary embolism.11 An 
alternative approach to using D-dimer to exclude DVT is 
the age adjusted D-dimer strategy that considers DVT to 
be excluded with a D-dimer concentration <500 ng/mL in 
patients 50 years or younger and <10 times the patient’s 
age in those older than 50 years, provided patients have 
a low or moderate clinical pretest probability, which 
has been shown to be safe in retrospective analyses.12 13 
Retrospective comparisons of clinical probability 
adjusted and age adjusted diagnostic strategies for 
DVT have suggested similar safety and reduction in 
imaging,14-16 although the full 4D strategy with higher 
D-dimer cut-offs to determine repeat proximal ultrasound 
imaging was not included in these analyses.

We were not able to make a direct comparison of safety 
with the conventional strategy that is recommended 
by the American Society of Hematology.17 However, 
compared with a conventional testing strategy, the 4D 
algorithm reduced the need for ultrasound imaging by 
47%. Our results show that repeat ultrasound imaging 
can be avoided in a large proportion of patients, which 
is important because repeat imaging is costly for the 
healthcare system and time consuming for patients and 
contributes to overcrowding in emergency departments.

strengths and limitations of study
Strengths of our study include that it was large enough 
to provide estimates with reasonable precision in the 
overall study population; we used standardised testing 
for venous thromboembolism during follow-up, with 
central adjudication of outcomes; many clinical centres 
participated; several different D-dimer assays were used, 
which increases the generalisability of our findings; 
and very few patients were lost to follow-up to affect 
the robustness of the results. Conservatively, assuming 
that the percentage with venous thromboembolism 
among those patients who were lost to follow-up was the 
same as the prevalence of DVT among all patients with 
high clinical pretest probability (that is, 26.6%; a worst 
case scenario), we estimate that two (0.8%, 0.4% to 
1.4%) of the eight patients lost to follow-up had venous 
thromboembolism during follow-up. Analysing all 
patients (including the 253 patients enrolled before the 
protocol amendment) according to the amended protocol 
minimises the effect of the amendment on the results.

Our study had some limitations. Inpatients, patients 
receiving anticoagulant treatment or those who were 
on full dose ≥24 hours at the time of testing, pregnant 
women, and patients with suspected pulmonary 
embolism were excluded from the study, so the findings 
of our study do not apply to these patients. Although 
the Wells score incorporates the history of DVT, our 
study excluded patients with a previous episode of 
DVT, so further investigation of the algorithm in this 
subgroup is needed. We had too few patients in some 
subgroups to precisely estimate the negative predictive 
value in these subgroups. We did not measure patient 

centred outcomes, and physicians’ discretion could 
have influenced which patients were enrolled. To the 
last point, the study did not capture the total number 
of patients who were assessed for DVT in participating 
centres, but we excluded 385 patients because 
ultrasound imaging was performed in a patient with 
a low clinical pretest probability and D-dimer <1000 
ng/mL or with a moderate clinical pretest probability 
and D-dimer <500 ng/mL; for 367 patients, this was 
their only exclusion criterion. We believe that selective 
enrolment was not prominent and did not substantially 
bias the results for two reasons. Firstly, the observation 
that the prevalence of DVT and percentage of enrolled 
patients who had DVT on initial diagnostic testing 
were comparable to those in other studies involving 
outpatients.1 18 Secondly, we did not observe an 
increase in pulmonary embolism in patients who 
were excluded in a similar study that we conducted 
at the same participating centres for the diagnosis of 
pulmonary embolism, a more serious diagnosis than 
DVT.11 Lastly, if a patient pointed out pain or tenderness 
in the calf, they may have had these specific areas of 
their calf examined contrary to the protocol.

This study used the Wells score to categorise patients’ 
clinical pretest probability as low, moderate, or high. 
Therefore, whether the same approach to D-dimer 
interpretation can be used if clinical pretest probability 
is assessed without using a clinical classification rule 
using or a different classification rule is uncertain. The 
Wells score achieved good discrimination in this study, 
with a prevalence of DVT of 2% in patients with low 
clinical pretest probability, 12% in those with moderate 
clinical pretest probability, and 27% in those with high 
clinical pretest probability. As long as the prevalence 
of DVT in low, moderate, and high clinical pretest 
probability groups is similar to these values, we believe 
that the 4D algorithm should be valid when clinical 
pretest probability is assessed in other ways. Finally, 
although the availability of point of care ultrasonography 
is increasing in the emergency department, evidence 
that it is a safe replacement for formal ultrasonography 
is limited. Furthermore, minimal data on combining 
point-of-care ultrasonography and D-dimer to diagnose 
DVT are available. Therefore, we believe that the 
relevance of the 4D algorithm will remain high until 
more robust data on point-of-care ultrasonography is 
available. As we look to the future, well designed large 
studies are needed to evaluate the role of D-dimer with 
point-of-care ultrasonography for diagnosing DVT.

conclusions
In conclusion, our findings establish that using the 4D 
algorithm in the diagnosis of DVT is safe. Furthermore, 
application of our higher D-dimer cut-offs to determine 
the need for repeat proximal ultrasound imaging safely 
reduces the need for repeat ultrasound scanning.
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