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Thesis summary (Norwegian) 

Formålet med diagnostikken av dyp venetrombose (DVT) er å diagnostisere og 

behandle DVT som bør behandles, og å avstå fra videre utredning av pasienter som 

enten ikke har DVT, eller som har DVT som ikke er behandlingskrevende. Gjennom 

de siste tiårene har det vært store fremskritt i håndteringen av pasienter med 

spørsmål om DVT. Likevel gjenstår flere områder med potensiale for forbedring.  

Rivaroksaban i utredningen av dyp venetrombose («Ri-Schedule-studien») er 

en prospektiv studie designet for å belyse flere aspekter knyttet til håndteringen av 

pasienter med mulig DVT. Denne avhandlingen baserer seg på materiale fra Ri-

Schedule-studien, og har to overordnede bidrag til studiens formål.  

Det første er å undersøke sikkerheten og gjennomførbarheten av en strategi 

som innebærer å gi pasientene rivaroksaban i påvente av diagnostikk (empirisk 

behandling), og å gjennomføre utredning på et planlagt tidspunkt i stedet for akutt. 

Empirisk antikoagulasjonsbehandling går ut på å behandle pasienter med mulig DVT 

inntil tilstanden eventuelt kan utelukkes. Planlagt utredning går ut på å utrede 

pasienter på et konkret avtaletidspunkt som er gunstigere for sykehuset. 

Resultatene våre viser at planlagt utredning er en trygg strategi. Den kan være mer 

praktisk for pasientene ved at den reduserer ventetid i akuttmottaket og øker 

forutsigbarheten ved utredning, og den kan ha organisatoriske fordeler for 

sykehuset.  

Det andre bidraget er å undersøke en ny diagnostisk algoritme for pasienter 

med mulig DVT. Diagnostiske algoritmer er laget for å hjelpe klinikere i 

beslutningsprosessen, og består av de nødvendige, trinnvise elementene man går 

gjennom for å bekrefte eller avkrefte diagnosen basert på den enkelte pasients 

risiko. Vi fant at en ny og enklere algoritme var like sikker som eksisterende 

retningslinjer, og at den resulterte i færre ultralyder. Den består av færre 

elementer, og kan være mer brukervennlig for klinikere enn metoder som brukes i 

dag.  
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Thesis summary  

The diagnostic process of deep vein thrombosis (DVT) aims to detect and treat DVT 

requiring treatment while avoiding unnecessary workup in patients whom either do 

not have DVT, or have DVT that do not require treatment. There have been several 

major advances in the diagnostic management of patients with suspected DVT over 

the last decades. Nonetheless, various areas of improvement remain.  

The Rivaroxaban for Scheduled Workup of Deep Vein Thrombosis (the Ri-

Schedule study) was a prospective outcome study designed to assess several 

aspects of the management of patients with suspected DVT. The aim of this thesis is 

to improve the workup of DVT through two main contributions elaborating on 

findings from the Ri-Schedule study.  

The first contribution is to assess the safety and feasibility of a scheduled 

workup strategy which incorporated administering empiric rivaroxaban and 

deferring ultrasound imaging tests. Empiric anticoagulation treatment refers to 

treating patients with suspected DVT with anticoagulation therapy until the 

diagnosis can be confirmed or excluded. Deferring ultrasound imaging entails 

channeling patients to diagnostic workup from hospital peak to trough hours. We 

found that the scheduled workup strategy was safe. It may also be more convenient 

for patients, as well as for emergency department organization.    

The second contribution is to assess a new diagnostic algorithm for patients 

with suspected DVT. Diagnostic algorithms are designed to aid clinicians in deciding 

how individual patients should be assessed. They consist of the necessary stepwise 

elements to rule in or rule out the diagnosis. We found that our suggested 

algorithm was as safe as existing pathways while necessitating fewer imaging tests. 

The new algorithm consists of fewer steps, and may be easier to implement and 

adhere to in clinical practice. 
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1. Introduction 

1.1 Definitions and concepts 

Thrombosis is the formation of a blood clot in the circulatory system (1). An 

embolism forms when a substance, such as a thrombus, travels through the 

circulatory system from where it originated to lodge somewhere else. Venous 

thromboembolism (VTE) refers to the disease entity occurring when a blood vessel 

is obstructed by a blood clot. VTE comprises deep vein thrombosis (DVT) and 

pulmonary embolism (PE) (2). DVT can originate anywhere in the deep venous 

vasculature, but the majority develop in the lower extremities. DVT in the lower 

extremities are stratified into proximal and distal DVT. Proximal DVT are located in 

the iliac, femoral or popliteal veins. Isolated distal DVT are confined to infra-

popliteal veins (3), and have been found to comprise between 30-50% of lower 

extremity DVT (4, 5).  

 PE is a feared complication of DVT. Findings suggestive of PE have been 

demonstrated in ventilation-perfusion lung scans of 40-50% of patients with 

symptomatic proximal DVT without concurrent symptoms of PE (6).  
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Reproduced from Pulmonary Embolism, Pulmonology, via Servier Medical Art by Les Laboratoires 

Servier www.servier.com at https://smart.servier.com. Servier Medical art by Servier is licensed 

under a Creative Commons Attribution 3.0 Unported License 

(https://creativecommons.org/licenses/by/3.0/). 

 

1.2 Pathophysiology and risk factors 

The term hemostasis refers to the cessation of bleeding (7). In normal hemostasis, 

there is a balance between factors promoting coagulation and anticoagulation, i.e. 

the formation and breakdown of blood clots. Blood clotting is a physiological 

process to stop bleeding, typically precipitated in response to damage of the blood 

vessel. Circulating proteins, so-called coagulation factors, are activated in sequence 

to form a fibrin blood clot arresting the bleeding in the damaged lining of the blood 

vessel. The fibrinolysis system breaks down fibrin clots to prevent occlusion. 

 A thrombosis may form when there is an inappropriate or pathological 

activation of the coagulation system in response to a trigger, resulting in an 

obstruction of the normal blood flow.  

Conditions associated with a lowered threshold for activating the coagulation 

system can be transient or persistent (8), minor or major triggers, and hereditary or 

acquired conditions. Due to their propensity for activating the coagulation system 

through their various mechanisms, they are risk factors for VTE (Table 1) (9-12).  
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Table 1 Examples of risk factors of venous thromboembolism 

  Transient Persistent or permanent 

Major   Major trauma, fracture, surgery 

(general anesthesia > 30 mins), 

immobilization (i.e. by plaster cast 

or hospitalization) 

Increasing age 

Cancer  

Thrombophilia (i.e. antithrombin, 

protein C and protein S 

deficiencies, antiphospholipid 

antibodies)  

Minor   Minor surgery (general anesthesia < 

30 mins) 

Hospital admission 

Pregnancy or puerperium 

Prolonged travel  

Estrogen therapy 

Thrombophilia (i.e. factor V 

Leiden, prothrombin 20210A 

variant)  

Obesity 

Various comorbidities (i.e. 

congestive heart failure, reduced 

renal function) 

 

 

VTE without detectable risk factors, so-called unprovoked or idiopathic VTE, is 

reported to range from approximately 25-50% of all first-time cases (13).  

 

1.3 Clinical presentation  

Symptoms of lower extremity DVT are most often unilateral, and frequently include 

pain, swelling, and tenderness (14, 15). Clinical signs of DVT are likewise typically 

unilateral, with common findings of swelling and edema, warmth, tenderness, 

erythema, and dilated superficial veins. DVT may also be asymptomatic with no 
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telltale signs, and incidentally found on diagnostic imaging for unrelated reasons, or 

discovered in a patient presenting with PE.  

Symptoms of DVT are non-specific and overlap with various other 

presentations (14). Common differential diagnoses include fractures, muscle pain or 

injuries, Baker cyst, hematomas, local infections, and edema from other causes. 

Due to its non-specific presentation and the potential fatal complication of PE, DVT 

poses a challenge for diagnosis. 

 

1.4 Epidemiology and disease burden  

VTE is a relatively common disease entity - reportedly the third most common 

cardiovascular syndrome after myocardial infarction and stroke (16).  

The incidence rate among people of European ancestry is reported to be 1 to 

1.8 cases per 1000 person-years (17, 18), of which approximately two thirds are 

DVT (13, 16, 19-21). Additionally, the undiagnosed or misdiagnosed VTE events or 

deaths increase this figure (19). Females are at a higher risk of VTE up to 40-50 

years of age, whereas males are at a higher risk as older adults (17, 22). The 

incidence of VTE increases substantially with age in both sexes (Figure 2), and for 

both DVT and PE (Figure 3).  
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Figure 2 Annual incidence of venous thromboembolism by age and sex (17) 

 

 
 

 

Figure 3 Annual incidence of all venous thromboembolism (17) 

 

 
 

Figure 2 and Figure 3 are reprinted from Heit, J.A., Spencer, F.A. & White, R.H. The epidemiology of 

venous thromboembolism. J Thromb Thrombolysis 41, 3–14 (2016), 

https://doi.org/10.1007/s11239-015-1311-6 by Springer Nature at Springer.com. Copyright © 

2016, The  Author(s). The article is distributed under the terms of the Creative Commons Attribution 

4.0 International License (http://creativecommons.org/licenses/by/4.0/).  

https://doi.org/10.1007/s11239-015-1311-6
http://creativecommons.org/licenses/by/4.0/
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Patients with VTE run a substantial risk of recurrence after the treatment period has 

ended. Recurrence within 10 years after an initial, unprovoked VTE event affects 20-

40% of patients (23-25). The American College of Chest Physicians summarized the 

evidence of recurrence according to risk factors, estimating that patients with 

provoked VTE have an approximately 3-15% chance of recurrence at 5 years 

depending on the severity of the risk factor, whereas patients with unprovoked VTE 

have an estimated 30% chance of recurrence at 5 years (12).  

 Patients with VTE are at risk of developing secondary complications. In 

addition to recurrent VTE, they may develop other conditions, such as the post-

thrombotic syndrome (affecting 20-50% of patients after DVT) (26), various 

manifestations and degrees of severity of the post-PE syndrome (affecting up to 

50% of patients with previous PE) (27), as well as diminished health-related quality 

of life (28).  

Recent data suggest there has been an increase in the prevalence of VTE 

(29), as well as an increase in hospitalizations and mortality rate from PE, 

particularly over the past decade (30, 31). Whether these observations can be 

attributed to an increasing incidence and/or case fatality rate, and/or increased 

awareness and diagnostic improvements remain unknown. Raskob et al found that 

VTE associated with hospital admissions was the chief cause of lost disability-

adjusted life-years in low- and middle-income countries, and the second leading 

cause in high-income countries (32). A 2016 study estimated the total annual cost of 

VTE in the US to range between $13.5-69.3 billion, depending on incidence rates 

and cost input (33). Barco et al calculated the total annual expenses for VTE in the 

EU-28 countries to €1.5-13.2 billion (34).  

Summarized, VTE has a significant impact both on individual health, as well 

as on global morbidity and mortality. Research initiatives furthering our 

understanding of the various aspects of the disease entity are required.  
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1.5 The development of the diagnostic workup of DVT 

1.5.1 Diagnostic imaging 

When the possibility of diagnostic imaging emerged, there was a shift from treating 

suspected DVT to confirmed DVT. Contrast venography was developed in the 1920s, 

but was not standardized or widely used until the 1970s (35). It has since become 

the criterion standard for the diagnosis of DVT (36). A negative venography 

examination is associated with a low rate of VTE events during three months of 

follow-up; 1.3% (95% CI, 0.2%–4.4%) (37). This three-month VTE rate has since 

become the reference standard for diagnosing DVT against which new diagnostic 

tests or algorithms are judged (36). Other less invasive imaging modalities have 

been explored as alternatives to venography, including pletysmography techniques 

and 125I-fibrinogen leg scanning (38, 39). However, their weaknesses as diagnostic 

tests limited their clinical usefulness (40), as they were relatively complex tests, and 

insensitive to distal or non-occlusive clots.  

Compression ultrasonography (CUS) was explored as another imaging option 

throughout the 1980s, and gradually replaced venography as the primary diagnostic 

method after its introduction to DVT diagnostics (41). Being quick, non-invasive and 

accurate, the method greatly improved the availability and feasibility of imaging in 

suspected DVT (42). The two main CUS modalities are proximal CUS, scanning the 

femoral and popliteal veins and typically repeated within a week, and whole-leg 

CUS, extending the examination to the veins of the calf. In their 2020 systematic 

review and meta-analysis (43), Bhatt et al found pooled estimates for sensitivity and 

specificity of proximal CUS of 90.1% (95% CI 86.5-92.8) and 98.5% (95% CI, 97.6-

99.1), respectively. For whole-leg CUS, the pooled sensitivity was 94.0% (95% CI, 

91.3-95.9), with pooled specificity of 97.3% (95% CI, 94.8-98.6). For serial CUS 

pooled sensitivity and specificity were 97.9% (95% CI, 96.0-98.9) and 99.8% (95% CI, 

99.3-99.9), respectively. Another 2020 systematic review and meta-analysis of 

diagnostic accuracy studies or management strategies applying at least one of three 

CUS modalities included 21,250 patients from 40 studies. The authors found a low 
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three-month VTE rate for both single proximal CUS (1.4%, 95% CI 0.83-2.5), repeat 

proximal CUS (1.9%, 95% CI 1.4-2.5), and whole-leg CUS (1.0%, 95% CI 0.6-1.6) (44).  

 

1.5.2 Clinical prediction rules  

As previously mentioned, symptoms of DVT are notoriously non-specific and 

overlap with several other disease entities. Even though non-invasive imaging 

facilitated a smoother diagnostic process, earlier workup typically entailed imaging 

all patients with suspected DVT. However, less than 25% of referred patients are 

typically found to have DVT (45-49). Consequently, there was a need for better 

selection of patients to undergo imaging.  

Clinical prediction rules are a set of common signs and symptoms of DVT 

used to stratify patients into risk groups based on their likelihood of DVT. Structured 

assessment using clinical items in the diagnostic process was described in studies 

from the late 1970s without convincing results (50). In 1995, Wells and colleagues 

developed a model consisting of 12 common findings in patients with DVT to divide 

patients with suspected DVT into low-, moderate- and high-probability subgroups 

(15). In a prospective evaluation of 529 patients, 85% of patients in the high-

probability group had DVT, whereas 33% and 5% in the moderate- and low-

probability categories had DVT, respectively. Hence, the findings suggested that 

common manifestations of DVT could be used to interpret the likelihood of the 

patient having the condition. The model was simplified and used in a 1997 

prospective management strategy to obviate the need for serial CUS in low-risk 

patients in a time where one-week repeat testing was recommended in patients 

with an initial negative imaging test (46). The model was modified in 2003 when the 

same collaborators demonstrated that CUS could be avoided altogether in low-risk 

patients without compromising safety, provided they had a negative D-dimer result 

(51).  
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The 1997 three-level and the 2003 two-level Wells clinical prediction rules 

are depicted below in Table 2, with the most significant changes to the modified, 

two-level score shown in italics.  

  Several clinical prediction rules have since been validated (52-55), often 

targeting areas of improvement in other scores or developed for specific subgroups, 

such as primary care or hospitalized patients (56-58). While no prediction rule has 

been deemed superior to others, the Wells score is perhaps the most validated and 

used score among clinicians (59-62). An overview of some of the prediction rules 

initially developed in outpatient populations are outlined in Table 2.  
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Table 2 Clinical prediction rules for the workup of suspected deep vein thrombosis 
Prediction 
rule 

Three-level 
Wells  
(46) 

Two-level 
Wells  
(51) 

Hamilton  
(54) 

Kahn  
(52) 

Constans 
(53)  

I-DVT  
(55) 

Items 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Active cancer 1 

Paralysis/paresis/plast
er immobilization 1 

Bedridden > 3 
days/major surgery 1 

Localized deep vein 
tenderness 1 

Entire leg swelling 1 

Unilateral calf > 3 cm 
1 

Pitting edema 1 

Collateral superficial 
veins 1 

Alternative diagnosis  
more likely -2 

 

Active cancer 1 

Paralysis/ 
paresis/plaster 

immobilization 1 

Bedridden ≥ 3 
days/major surgery 

1 

Localized deep vein 
tenderness 1 

Entire leg swelling 1 

Unilateral calf ≥ 3 
cm 1 

Pitting edema 1 

Collateral superficial 
veins 1 

Previous DVT 1 

Alternative 
diagnosis at least as 

likely -2 
 

Plaster 
immobilization of 

lower limb 2 

Active cancer 2 

Strong clinical 
suspicion and no 
other diagnostic 

possibilities 2 

Recent bed rest or 
surgery 1 

Male sex 1 

Calf circumf. >3 
cm larger on 

affected side 1 

Erythema 1 

Male sex 

Orthopedic 
surgery (last 6 

months) 

Superficial 
vein 

dilatation  

Local warmth 
 

 

Male sex 1  

Paralysis or 
immobilizati
on of lower 

limb 1  

Confinement 
to bed for > 

3 days 1  

Lower limb 
enlargement 

1  

Unilateral 
lower limb 

pain 1  

Other 
diagnosis at 

least as 
plausible -1 

Immobilization 
(≥ 3 days 

and/or major 
surgery < 4 

weeks) 

Difference in 
calf 

circumference 
≥ 3 cm 

compared to 
asymptomatic 

leg 
 

Past VTE 

Active cancer 

 

 

 

 

 

 

 

 

 

HIGH 
PROBABILITY ≥ 
3 PREDICTORS 

MODERATE 
PROBABILITY 1-
2 PREDICTORS 

LOW 
PROBABILITY 0 

PREDICTORS 

DVT UNLIKELY IF 
PATIENT SCORES 

0 ITEMS 

DVT LIKELY IF  
≥ 3 POINTS 

DVT UNLIKELY IF 
< 3 POINTS 

HIGH PROBABILITY ≥ 3 
POINTS 

MODERATE PROBABILITY 
1-2 POINTS 

LOW PROBABILITY < 1 
POINTS 

DVT LIKELY  
≥ 2 POINTS 

DVT UNLIKELY  
< 2 POINTS 

 

1.5.3 D-dimer  

Coagulation factors are sequentially activated to form a fibrin clot in response to 

various triggers. When activated, coagulation factor II thrombin in turn acts on 

several other components of the coagulation cascade, including fibrinogen and 

factor XIII (63). The conversion of soluble fibrinogen to fibrin results in adhesion of 

fibrin monomers which subsequently form covalent bonds, stabilizing the fibrin clot 

through the activation of factor XIII. Plasmin counteracts these mechanisms by 

cleaving fibrin at specific sites, releasing fibrinogen degradation products containing 

the D-dimer epitope. D-dimer levels rise in any condition where there is increased 

coagulation and fibrinolytic activity (64), such as in VTE.  
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Figure 4 Formation of D-dimer (65) 

 
 

Figure reprinted from JACC (Journal of the American College of Cardiology), 2017-11-07, Volume 70, Issue 19.  
Weitz JI, Fredenburgh JC, Eikelboom JW. A Test in Context: D-Dimer. Pages 2411-2420. Copyright © 2017, 

with permission from Elsevier.  

 

D-dimer fragments can be detected and measured by monoclonal antibodies, a 

technique developed in the 1980s (66, 67). In the years following the development 

of the technique, D-dimer was found to have favorable diagnostic properties for 

VTE, such as high sensitivity and negative predictive value (64). In other words, if 

the patient has VTE, D-dimer will most likely be elevated, or positive. If D-dimer is 

normal, or negative, the patient is unlikely to have VTE. The incorporation of D-

dimer into the assessment of patients suspected of having VTE greatly improved the 

diagnostic management of these patients.  

D-dimer assays can be broadly categorized into three main types based on 

the methods of detection; whole-blood agglutination assays, enzyme-linked 
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immunosorbent (ELISA) or immunofluorescent (ELFA) assays, and latex 

agglutination assays (65).  

 

 

Figure 5 D-dimer assays (65) 

 
Figure reprinted from JACC (Journal of the American College of Cardiology), 2017-11-07, Volume 70, Issue 19. 

Weitz JI, Fredenburgh JC, Eikelboom JW. A Test in Context: D-Dimer. Pages 2411-2420. Copyright © 2017, 
with permission from Elsevier.  

 

 

Latex agglutination assays seem to be the most commonly used method in Europe 

(68). Latex agglutination and ELISA/ELFA methods are known to be high-sensitivity 

assays, owing to their high likelihood of being positive if the patient has DVT, and 

are the assays primarily used in VTE diagnosis today. Their sensitivity is around 95% 

compared to 85% of the moderately sensitive whole-blood agglutination assays, 

with the trade-off of lower specificity (approximately 50% and 70%, respectively) 

(63, 69). A recent systematic review and meta-analysis saw a higher yield in 
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sensitivity at the cost of lower specificity for the high-sensitivity assays, with pooled 

estimates of 96.1% (95% CI, 92.6-98.0) and 35.7% (95% CI, 29.5-42.4), respectively 

(43).  

Notably, D-dimer does not represent one defined analyte, and 

standardization has proven challenging (64, 70). D-dimer assays vary according to 

which D-dimer epitopes the various antibodies detect, as well as instrumentation 

procedures (63, 71). There are different cut-offs for the various methods (72), and 

consequently, results from one assay cannot necessarily be extrapolated to another 

(64). Instead, clinicians should interpret the results according to the test 

characteristics of the assay available in their individual centers. Moreover, the D-

dimer cut-off used in management strategies should not be regarded as a threshold 

for a reference interval in a population without VTE (64). Rather, clinicians operate 

with an accepted threshold for when diagnostic imaging should be performed that 

is sufficiently low to maintain the high sensitivity. As such, the primary strength of 

D-dimer as a diagnostic test is its capacity for ruling out VTE with a high degree of 

certainty (60, 73).  

 

1.5.4 The current workup of DVT – diagnostic algorithms and recent 

developments 

The development of clinical prediction rules, D-dimer detection methods, and 

imaging techniques allowed for an increasingly targeted diagnostic approach. As 

previously mentioned, Wells and colleagues began to incorporate their clinical 

prediction rule and later D-dimer into the decision-making process of selecting 

which patients did and did not require diagnostic imaging from 1995 onward (15, 

46, 51). Their efforts contributed to reducing the number of imaging tests required, 

thus sparing both patients and referral centers from unnecessary examinations. 

Later, several algorithms incorporating various prediction rules, D-dimer assays, and 

CUS modalities have been evaluated, paving way for the currently endorsed 

diagnostic pathway (36, 74-76), depicted below in Figure 6.  
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Figure 6 The diagnostic workup of DVT 

 

 
 

 

The diagnostic pathway generally consists of the same elements. However, 

depending on guideline and local practice, there are minor variations in the 

methods used for assessing clinical pretest probability (C-PTP) and likelihood 

stratification, favored imaging technique, and variations depending on whether 

there is suspected first or recurrent DVT. The general outline starts with assessing 

C-PTP. Patients with high C-PTP are considered likely to have DVT, and are referred 

directly for whole-leg or proximal CUS (36, 74-76). If whole-leg CUS is chosen, one 

negative examination generally rules out DVT. Patients with negative proximal CUS 

require negative D-dimer or repeat proximal or whole-leg CUS to rule out DVT. For 

patients with perceived non-high C-PTP, CUS is only required if there is a positive D-

dimer. Adhering to one of these strategies to exclude DVT, based on normal 

findings on CUS or otherwise negative D-dimer, is associated with a low three-

month VTE rate which is deemed acceptable; ranging between 0.4%-2.0% (46, 49, 
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51, 55, 77-80), with an upper limit of the 95% confidence interval (CI) of mainly 

≤2.2%. Furthermore, they allow for ruling out DVT in approximately 30% of 

outpatients without CUS referral (62). These are patients who are both deemed 

unlikely to have DVT based on C-PTP assessment, and who have negative D-dimer.  

However, the high sensitivity and negative predictive value of D-dimer come 

at the cost of lower specificity, particularly in certain subgroups. D-dimer levels 

have been shown to increase with increasing age, reducing the specificity of D-

dimer in an older population. Therefore, an age-adjusted threshold for positivity has 

been suggested. Although various cut-offs have been explored, it is typically defined 

as the patient’s age multiplied by 0.01 mg/L for patients 50 years or older (81). In a 

recent individual patient data meta-analysis by Parpia et al consisting of 2554 

patients with suspected DVT, the age-adjusted threshold increased the specificity of 

D-dimer by 9.5% (95% 1.0-18.0), from 45.2% to 54.7% (48). There is extensive 

literature supporting the use of an age-adjusted threshold in DVT management (82-

87), although critical voices have been raised (88). However, due to the lack of 

prospective evidence directly comparing the age-adjusted threshold to the regular 

D-dimer threshold, adjusting D-dimer according to age is generally not incorporated 

into recent guidelines (74, 76), although the 2020 National Institute for Health and 

Care Excellence guideline suggests considering it for people aged over 50 (75).  

Similarly, an alternative threshold has been suggested according to the 

perceived C-PTP for DVT. The C-PTP-adjusted strategy uses a cut-off that is twice as 

high in patients with a low C-PTP for DVT (e.g. 1.0 mg/L) compared to patients with 

moderate C-PTP (e.g. 0.5 mg/L) (49). This strategy has been found to reduce the 

proportion of required CUS by 7.6% (95% CI 2.9-12.2) without adversely affecting 

the three-month VTE rate in patients who are deemed not to have DVT according to 

the strategy. In the abovementioned meta-analysis, Parpia et al compared the two 

strategies, and found that they both had a high and comparable negative predictive 

value of 99.8%. Furthermore, the difference between the pooled specificity of the 

C-PTP-adjusted strategy (57.3%) and the age-adjusted strategy (54.7%) was 2.6% 
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(95% CI: −7.7, 12.8). The C-PTP-adjusted strategy (49.4%) yielded a slightly higher 

proportion of negative D-dimer results compared with the age-adjusted approach 

(47.4%), with a difference of 1.9% (95% CI: −0.1, 3.9). As such, the authors 

concluded that both strategies have a similar utility and safety profile. As with age-

adjusted D-dimer thresholds, C-PTP-adjusted D-dimer is currently not widely 

applied clinically. The C-PTP-adjusted threshold was recently incorporated into a 

simplified diagnostic algorithm for the management of patients with suspected DVT 

(89). In addition to D-dimer, the rule incorporates two elements based on the Wells 

score; calf swelling and DVT being the most likely diagnosis. According to the rule, a 

D-dimer of <1.0 mg/L rules out DVT without requiring CUS in patients without any 

of the two elements. For patients fulfilling at least one of the items, a D-dimer level 

of <0.5 mg/L is necessary to rule out DVT without CUS. The strategy is pending 

prospective validation.  

 

1.5.5 Developments in DVT treatment  

Anticoagulation therapy is the treatment of DVT, and targets various components of 

the coagulation system. This in turn prevents the thrombus from developing further 

while facilitating breakdown of the clot. The main goal of treating VTE is to prevent 

mortality, as well as advancement or recurrence of the thrombus (90). Patients are 

routinely treated for three to six months following the event (76, 90, 91).  

Heparin, followed by vitamin K antagonists (VKAs), and decades later low-

molecular-weight-heparin (LMWH) and heparin oligosaccharides, were applied 

clinically from the 1920s and over the following decades (92, 93). Heparin and its 

derivatives potentiate antithrombin III, which in turn inactivates several coagulation 

factors, such as thrombin and factor Xa. 

 

  



31 
 

 

Figure 7 Mechanism of action of direct oral anticoagulants 

 
FIIa and FXa inhibitors, termed direct oral anticoagulants (DOACs), have gained 

popularity since their introduction from 2010 onward (94-97). The commercially 

available DOACs with VTE treatment and prophylaxis among their indications, 

include dabigatran, rivaroxaban, apixaban, and edoxaban. Dabigatran is a direct 

factor II inhibitor whilst the remainder exert their action by affecting factor Xa. 

Compared with LMWH followed by VKA, DOACs are non-inferior in terms of 

avoiding recurrent VTE (relative risk 0.90, 95% CI 0.77-1.06) with a reduced risk of 

major bleeding (relative risk 0.61, 95% CI 0.45-0.83) (98). Other benefits of DOACs 

include ease of use, apparent relatively predictable pharmacokinetics without 

required monitoring, and a wide therapeutic window. DOACs have caused a 

paradigm shift in the treatment of VTE over the past decade, and they are now 

endorsed as first-line therapy (75, 76, 91, 99).  

There are several unresolved issues with VTE treatment and prevention. One 

is whether or not to administer anticoagulation therapy for suspected DVT before 

the diagnosis can be established or ruled out. No studies have assessed the 

outcomes of giving versus withholding so-called empiric or interim anticoagulation 
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in this patient group. This comes into question when the diagnostic workup is 

expected to be delayed, as is often the case for DVT patients without suspicion of 

concurrent PE. These patients are typically not acutely ill compared to many of their 

emergency department cohorts, and may thus be subject to prolonged waiting in 

periods of compromised staff or equipment resources during center peak hours or 

off-hours. When the workup is expected to be delayed, empiric anticoagulation 

could theoretically reduce the risk of adverse outcomes in patients later diagnosed 

with DVT. However, it would also put patients later found not to have DVT at a risk 

of bleeding, albeit low. 

The American College of Chest Physicians suggests empiric treatment with 

LMWH if the workup is prolonged and the patient has no major risk factors for 

bleeding (Grade 2C level of recommendation) (90). Prompt administration of LMWH 

is recommended in patients with a high C-PTP. Furthermore, they suggest LMWH 

for patients with moderate or low C-PTP if workup exceeds 4 and 24 hours, 

respectively. The National Institute for Health and Care Excellence suggests empiric 

anticoagulation if the patient is considered likely to have DVT and the workup 

cannot be completed within 4 hours (75). Several studies have demonstrated the 

safety of deferred workup until center on-hours with LMWH or unfractionated 

heparin (100-106). Deferred workup may in turn avoid compromising resources that 

around-the-clock referrals may entail. Additionally, one retrospective chart review 

assessed the safety of DOACs versus LMWH in the prediagnostic phase in 173 

outpatients with suspected VTE (107). The authors found no major bleeding events 

in the 95 outpatients given a DOAC, nor in the 78 patients given LMWH before 

diagnostic testing, although two patients receiving a DOAC reported a clinically 

significant non-major bleeding incident. Despite the scarce literature examining 

DOACs in the prediagnostic setting, observational data suggest that they are used 

relatively frequently. A recent article describing anticoagulation therapy patterns in 

the approximately 10,000 patients included in the global GARFIELD-VTE registry 
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demonstrated that 13.4% of patients had started anticoagulation therapy before 

the diagnosis was confirmed (108).  
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2. Study rationale for the Ri-Schedule study 

To our knowledge, no prospective studies have assessed the safety of empiric 

anticoagulation and of deferred workup with DOACs. This topic should be examined 

further before increasingly being adopted into clinical practice. 

As for diagnostic algorithms, they have undoubtedly allowed for major 

progress in the management of patients with suspected DVT by enabling the 

transition from imaging all outpatients to imaging only select patients. Besides the 

obvious benefit of being less resource-demanding, other potential benefits include 

decreasing false positive findings or clinically insignificant DVT, sparing patients the 

risk of side effects, as well as the inconvenience and cost of unnecessary 

anticoagulation therapy for patients and society.  

 However, from our clinical experience we observed that the algorithms were 

not necessarily adhered to or used correctly. For instance, we observed that D-

dimer and other laboratory tests had often been obtained and were available 

before an emergency physician had evaluated and performed C-PTP assessment of 

the patient. This refutes the original purpose of such an assessment, which would 

stratify patients either to direct CUS referral, or to await D-dimer results. We 

observed that this would particularly occur during peak hours in the Emergency 

Department, when staff likely prioritized attending other patients until laboratory 

results could offer guidance on further management, thereby saving time. We 

hypothesized that a negative stand-alone D-dimer could prove safe in ruling out the 

condition in an outpatient population referred for suspected DVT, and it would also 

be a smoother alignment with clinical practice. Moreover, performing a single 

whole-leg CUS irrespective of C-PTP could reduce the number of required visits and 

simplify the workup, which in turn could increase adherence and clinical utility of 

the algorithm.  

 Therefore, we developed a study which aimed to enroll all consecutive 

outpatients referred with suspected DVT to examine these topics. 
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3. Aims  

The overall aim of the thesis was to improve the diagnostic workup of DVT. This 

would be achieved through the following specific aims: 

1. To assess and compare the safety and efficiency of using D-dimer as a stand-

alone test for ruling out DVT with the safety and efficiency of other diagnostic 

strategies. This aim was assessed in Paper 1.  

2. To assess the safety and feasibility of deferring DVT workup for up to 24 hours by 

using empiric rivaroxaban. This aim was assessed in Paper II.  

3. To assess the safety of a new diagnostic strategy for DVT workup incorporating 

stand-alone D-dimer and single, whole-leg CUS. This aim was assessed in Paper III.   
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4. Materials and methods  

4.1 Study population and design 

The thesis is based on material from the Rivaroxaban for Scheduled Workup of Deep 

Vein Thrombosis study (the Ri-Schedule study).  

 The Ri-Schedule study was a single-center, prospective management 

outcome trial conducted at Østfold Hospital, Norway, between February 2015, and 

November, 2018. The hospital is the primary referral center for approximately 

300,000 patients in its proximity. Consecutive outpatients referred from primary 

care centers to the Emergency Department at the hospital were considered for 

inclusion. Inclusion criteria were ≥18 years of age, and referral for suspected first or 

recurrent lower extremity DVT. We excluded patients who were unwilling or unable 

to provide written consent, or who had been included in the study within the three 

months prior.  

 For the endpoint analyses of Paper I, we excluded patients who had been 

prescribed anticoagulation therapy for other reasons than VTE during a follow-up 

period of three months. In Paper III, the following patients were excluded from 

endpoint analyses: patients lacking D-dimer results at baseline, who had been 

prescribed anticoagulation for other reasons than VTE during follow-up, as well as 

patients who were on regular anticoagulation prescription for any reason at 

inclusion.  
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4.2 Study procedures  

 

Figure 8 Flowchart of the Ri-Schedule study 

 
 

 

The study outline is depicted in Figure 8. Consecutive outpatients were included if 

they fulfilled all inclusion criteria and no exclusion criteria, mainly by designated 

study personnel working in the Emergency Department. After inclusion, patients 

were assessed for management according to scheduled workup with empiric 

rivaroxaban and deferred CUS by using the list of exclusion criteria outlined in Table 

3. 
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Table 3 Exclusion criteria for scheduled workup 

Factors with a higher risk of adverse effects of rivaroxaban 
Concomittant anticoagulation1 
Suspected active or recent bleeding 
Major risk factors for bleeding2 
Active cancer or chemotherapy within the past six months 
Pregnancy or lactation 
Hemoglobin < 11 g/dL or thrombocytes < 100x109/L 
GFR < 45 mL/min 
Liver disease with coagulopathy or other bleeding risk 
Concomittant medications possibly interacting with rivaroxaban 

Conditions or situations in which scheduled workup is deemed inappropriate 

Suspicion of concurrent pulmonary embolism 
Comorbidities necessitating admission  
Suspected ischemia or eligibility for thrombolysis 
Physician considers discharge unsafe 
Patient objects to discharge 
Logistical challenges 
Workup can be completed within two hours 

1 Regular prescription or empiric anticoagulation for suspected DVT 
2 Current or recent gastrointestinal ulceration, presence of malignant neoplasms at high risk of bleeding, recent brain or spinal 
injury, recent brain, spinal or ophthalmic surgery, recent intracranial haemorrhage, known or suspected esophageal varices, 
arteriovenous malformations, vascular aneurysms or major intraspinal or intracerebral vascular abnormalities  

 

Study personnel obtained point-of-care results for pregnancy status for eligible 

women, as well as creatinine and hemoglobin levels for all patients. Patients who 

were not eligible for scheduled workup remained in the Emergency Department 

until DVT had been confirmed or ruled out. Although they were not managed 

according to scheduled workup, they were analyzed for the other endpoints. The 

next step for these patients was obtaining standard blood admission samples 

including D-dimer, and assessing Wells score for later analyses before D-dimer 

results were available. Wells score was assessed primarily by study personnel, or 

otherwise an emergency department physician not affiliated with the study. The 

results of the score were explicitly stated to not guide further management. D-

dimer was analyzed by the immuno-turbidometric method of STA®-Liatest® D-Di 

Plus (Stago Diagnostics, Asnieres, France) on the STA-R Evolution Analyzer. D-dimer 

levels of <0.5 mg/L fibrinogen-equivalent units were considered negative, and in 



42 
 

this case patients were not referred for CUS. They were instead discharged either 

immediately, or otherwise after completing other diagnostic considerations when 

warranted. Patients were instructed to follow up with their family doctor if deemed 

necessary. D-dimer of ≥0.5 mg/L was considered positive, and led to referral for 

whole-leg CUS in the adjacent radiology department.  

All veins were assessed for compressibility. The diagnostic criterion for DVT 

was non-compressibility of the vein (109), or otherwise a gray-scale visualization of 

the thrombus for first, recurrent contralateral, or for recurrent ipsilateral DVT 

where the thrombus had since been resorbed. Recurrent ipsilateral DVT was 

defined as non-compressibility, or visualization of, the thrombus in a venous 

segment not affected in the reference CUS, or non-compressibility of a new area 

(110). The final diagnosis was based on this CUS examination. Consequently, we 

considered DVT as being ruled out in patients who either had normal D-dimer, or 

otherwise a normal CUS examination. Patients diagnosed with DVT were prescribed 

anticoagulation therapy, and were referred for outpatient follow-up at the 

thrombosis clinic.  

 For patients managed according to scheduled workup, Wells score and 

standard admission blood samples were similarly obtained as the initial step after 

inclusion. Patients were subsequently given one tablet of rivaroxaban 15 mg and 

discharged with another tablet of rivaroxaban 15 mg for a maximum of two 

consumed tablets within 24 hours. When D-dimer results were available, study 

personnel contacted patients by phone. DVT was considered ruled out in patients 

with negative D-dimer, and no further workup was done. Patients were instructed 

not to take the second tablet of rivaroxaban, and to follow up with their family 

doctor for further diagnostic considerations. Patients with positive D-dimer were 

scheduled for an appointment for whole-leg CUS the next day and within 24 hours 

of enrollment.  

 Study personnel contacted patients who had been managed according to 

scheduled workup by phone 48 hours after taking the last tablet of rivaroxaban to 
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assess for bleeding events. The 48-hour range was chosen based on the estimated 

time needed to eliminate the drug (111). In cases where VTE had been diagnosed, 

study personnel determined whether patients had experienced bleeding or major 

complications in the interval between inclusion and the diagnosis being confirmed. 

This interval was chosen as we wanted to assess complications occurring in the 

prediagnostic phase, and complications from VTE or its therapy was outside the 

scope of the study.   

 All patients in whom DVT had been considered ruled out at the baseline visit, 

either by negative D-dimer or negative CUS and regardless of whether or not they 

had been managed according to scheduled workup, were followed up by phone 

three months after inclusion. Study personnel assessed whether the patients had 

since been diagnosed with VTE or had started on anticoagulation therapy for other 

reasons during this period.  

 

4.3 Study endpoints  

4.3.1 Paper I 

The primary endpoints of Paper I were  

i) the failure rate of stand-alone D-dimer. Failure rate was defined as the proportion 

of all patients with negative D-dimer at baseline who had been diagnosed with VTE 

or had died, possibly from VTE, at three months of follow-up (n patients with 

negative D-dimer and diagnosed with VTE at baseline or within follow-up, or who 

had died from VTE during follow-up/all patients with negative D-dimer). 

ii) the efficiency of stand-alone D-dimer. Efficiency was defined as the proportion of 

patients requiring CUS according to the strategy out of all patients (n patients with 

positive D-dimer/all patients).  

  The secondary endpoints were the failure rate and efficiency of five 

diagnostic strategies (Figure 9), and the diagnostic performance of the five 

strategies in addition to stand-alone D-dimer.  
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Figure 9 Diagnostic workup of DVT according to various strategies  

 
 

 

Only the stand-alone D-dimer strategy was assessed prospectively, whereas 

performance of the five remaining strategies was assessed retrospectively. 

Consequently, to determine performance of the five strategies in retrospective 

comparison, we used the criteria that would have led to a referral for CUS according 

to each strategy as depicted. If the patient did not meet the criteria for CUS as 

defined by each strategy, we considered that they would not have been referred for 

CUS, and would have remained untreated at baseline.  

Failure rate was likewise defined as the proportion of patients in whom DVT 

was considered ruled out according to each strategy, but who were nonetheless 

diagnosed with VTE either at baseline or during follow-up. Efficiency was likewise 

defined as the proportion of all patients requiring CUS according to the strategies 

out of all patients.  
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Diagnostic performance was expressed by sensitivity (proportion of patients with 

DVT who required CUS according to the criteria of each strategy), specificity 

(proportion of patients without DVT who did not require CUS according to each 

strategy), negative predictive value (proportion of patients without DVT among 

patients who did not require CUS according to each strategy), positive predictive 

value (proportion of patients with DVT among patients who required CUS according 

to each strategy), positive likelihood ratio (the probability that a patient with DVT 

required CUS according to each strategy divided by the probability that a patient 

without DVT required CUS according to each strategy), and negative likelihood ratio 

(the probability that a patient with DVT did not require CUS according to each 

strategy divided by the probability that a patient without DVT did not require CUS 

according to each strategy). 

 

4.3.2 Paper II 

The primary endpoint of Paper II was the proportion of patients in whom DVT had 

been considered excluded who experienced a major bleeding event within 48 hours 

after consuming the last tablet of rivaroxaban, or otherwise until DVT had been 

confirmed and anticoagulation therapy consequently had been continued. Bleeding 

events were classified as stated by the Control of Anticoagulation Subcommittee of 

the International Society on Thrombosis and Haemostasis (112). According to this 

definition, major bleeding is ‘fatal bleeding, and/or symptomatic bleeding in a 

critical area or organ, such as intracranial, intraspinal, intraocular, retroperitoneal, 

intra-articular or pericardial, or intramuscular with compartment syndrome, and/or 

bleeding causing a fall in hemoglobin level of ≥20 g/L, or leading to transfusion of ≥2 

or more units of whole blood or red cells’.  

The secondary safety endpoints were the proportion of clinically significant 

non-major or minor bleeding events, and major complications while awaiting CUS. 

Clinically significant non-major bleeding according to the definition of the 

Subcommittee on Control of Anticoagulation is a bleeding event not fulfilling the 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=The+Subcommittee+On+Control+Of+Anticoagulation
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=The+Subcommittee+On+Control+Of+Anticoagulation
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criteria for major bleeding, but associated with an increased level of care through 

face to face evaluation, medical intervention or admission to hospital (113).  

 Major complications were defined as progressive DVT symptoms or signs, or 

a clinical picture consistent with PE (n patients with major complications/N patients 

diagnosed with VTE). This would be any of the following criteria occurring: 

hemodynamic instability, worsening of vital signs (increased respiratory rate or 

resting pulse after 15 minutes of rest, lowered resting systolic blood pressure or 

oxygen saturation by more than 20% compared to baseline), increased leg 

circumference by more than 10% from baseline, and/or progressive symptoms until 

VTE had been diagnosed. 

 The secondary feasibility endpoint was the proportion of patients who were 

managed according to scheduled workup out of all patients. 

All potential outcome events were adjudicated by an independent 

committee.    

 

4.3.3 Paper III 

In Paper III, the primary endpoint of failure rate of the strategy was defined as the 

proportion of patients with negative D-dimer or normal whole-leg CUS who went on 

to develop VTE, or died possibly from VTE, within the follow-up period out of all 

patients in whom DVT had been ruled out.  

The secondary safety endpoints were   

i) the failure rate of stand-alone D-dimer, i.e. the proportion of patients with 

negative D-dimer at baseline who had been diagnosed with VTE or died possibly 

from VTE during follow-up out of all patients with negative D-dime at baseline, and  

ii) the failure rate of whole-leg CUS, i.e. the proportion of patients with normal CUS 

at baseline who had been diagnosed with VTE or died possibly from VTE during 

follow-up out of all patients with normal CUS at baseline. 

The feasibility endpoint of adherence was expressed as the proportion out of all 

patients managed according to the suggested strategy.  
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All potential outcome events were adjudicated by an independent committee.    

 

4.4 Statistical analyses 

4.4.1 Reporting results  

The software used was the IBM® SPSS® Statistics Software, Version 25 (SPSS Inc., 

Chicago, IL, USA). Categorical variables were expressed in numbers and proportions. 

Continuous variables were expressed by median with interquartile range when not 

normally distributed, and by mean with standard deviation when normally 

distributed.  

Safety, feasibility and efficiency endpoints were all expressed as proportions 

in descriptive summary percentages and 95% CIs, calculated by Clopper-Pearson 

exact method (114).  

Diagnostic properties were calculated using OpenEpi statistical software, 

Version 3.01, Atlanta, GA, USA, and the Wilson method for calculating binomial 95% 

CI.  

 

4.4.2 Sample size 

The analyses described in Paper I were not planned when the Ri-Schedule study was 

designed, and as such there was no predefined sample size calculation. We decided 

to conduct an interim analysis when approximately 50% of the patients had been 

enrolled to compare the safety and feasibility of the stand-alone versus the age-

adjusted D-dimer cut-offs to evaluate which of the two cut-offs to proceed with as 

routine practice for the emergency department. Based on previous prevalence data 

from the hospital we expected negative D-dimer in 24-32% of patients (115), 

necessitating an estimated approximately 300 patients in whom DVT was ruled out 

based on a negative D-dimer in the interim study population which by then was 

approaching 1000 patients. A post-hoc power calculation showed that a sample size 

of 306 patients would be needed to detect an incidence rate of the primary 

outcome of <2% with a power of 80% at a 5% significance level. 
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For Paper II, we based the expected occurrence of major bleeding events on 

the number of patients included in studies reporting major bleeding rates with 

LMWH (100-102, 104). A total of 729 patients were included in these studies, and 

no major bleeding events occurred. This resulted in an observed major bleeding 

rate of 0% with a 95% CI of 0-0.6%. We assumed a frequency of major bleeding 

events with rivaroxaban at ≤0.2% with a one-sided 95% confidence limit of <0.8%. 

These assumptions, a significance level of 5% and a power of 80% (beta=20%) 

resulted in an estimated sample size of 620 patients.     

For the primary endpoint of failure rate of the strategy assessed in Paper III, 

we would accept a point estimate of 2% with an upper limit of the 95% CI of 4%. 

This was similar to and based on the rate of symptomatic VTE after a negative 

venography (1.3%; 95% CI, 0.2%–4.4). As previously mentioned, this is the currently 

endorsed safety standard for diagnostic management studies of DVT (36, 37). At 

least 500 patients with negative workup according to the strategy were required for 

a power of 80% at a 5% significance level. However, more patients could be 

included if it were necessary to meet the sample size requirements of Paper II.  

 

4.5 Permissions, approvals and study conduct   

The Ri-Schedule study was approved by the South-Eastern Regional Committee for 

Medical and Health Research Ethics (REK) in January 2015, with reference number 

2014/377. All later amendments to the protocol were likewise approved by REK in 

August 2015, March 2017, and August 2017. Among the amendments were minor 

adjustments to the criteria for scheduled workup, adjustments of sample size, as 

well as comparison of fixed versus age-adjusted D-dimer as an objective. The study 

was approved by the Norwegian Medicines Agency on January 6th 2015, EudraCT 

number 2013-005484-11. The study was registered at ClinicalTrials.gov with 

identifier NCT02486445.  

 A study-specific electronic case report form was created, and the data was 

regularly monitored for accuracy and completeness to ensure internal quality 
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control. Study documents were archived securely. Electronic case report forms and 

database were stored in a secured server at Østfold Hospital, and will be archived 

for 15 years after completion of the study before termination.  The following 

committees were appointed with tasks in parentheses to ensure the integrity of the 

study conduct: a safety and monitoring committee (tasked with safety aspects of 

rivaroxaban, including reviewing outcomes and terminating the study if deemed 

necessary), an adjudication committee (adjudicate outcomes of the study), an 

executive committee (ensuring day-to-day study conduct), and a steering 

committee (with the overall scientific responsibility of the study). 

The researchers adhered to the Declaration of Helsinki on Ethical Principles 

for Medical Research Involving Human Subjects, and the International Conference 

on Harmonization – Good Clinical Practice Guideline.  
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5. Main results 

5.1 Paper I 

In Paper I, we found that stand-alone D-dimer safely and efficiently ruled out DVT in 

our outpatient population. One of the 298 patients with negative D-dimer was 

diagnosed with DVT at baseline, resulting in a failure rate of 0.3% (95% CI 0.1-1.9%). 

Diagnostic properties are summarized in Table 4. Of the 913 included patients, 615 

(67.4%, 95% CI 64.3-70.3) had positive D-dimer, thereby requiring CUS according to 

the strategy. Adding the modified, two-level Wells score would have detected the 

one patient missed in the stand-alone D-dimer strategy (as the patient had a Wells 

score of 2), but would have required 9.5% (95% CI 5.4-13.6) additional CUS 

examinations. Two of the strategies required less CUS examinations than stand-

alone D-dimer. Stand-alone age-adjusted D-dimer would have required 8.8% less 

CUS examinations (95% CI -13.2 to -4.4) at the cost of a failure rate of 1.6% (95% CI 

0.7-3.4). Adding the original, three-level Wells score to the age-adjusted D-dimer 

yielded 5.1% fewer CUS examinations (95% CI from -9.5 to -0.7) at the expense of a 

failure rate of 1.5% (95% CI 0.6-3.4).  
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Table 4 Diagnostic performance of 
different strategies (n = 913)         

 
Fixed D-
dimer    

Age-adjusted  
D-dimer  

    
or Wells 
score ≥ 3  

or Wells 
score ≥ 2    

or Wells 
score ≥ 3 

or Wells 
score ≥ 2 

Sensitivity        
TP/(TP + FN) 175/176 175/176 176/176 170/176 171/176 175/176 
Estimate, % 99.4 99.4 100 96.6 97.2 99.4 
95 % CI 96.9-99.9 96.9-99.9 97.9-100 92.8-98.4 93.5-98.8 96.9-99.9 
 
Specificity        
TN/(TN + FP) 297/737 270/737 211/737 372/737 339/737 253/737 
Estimate, % 40.3 36.6 28.6 50.5 46.0 34.3 
95 % CI 36.8-43.9 33.2-40.2 25.5-32.0 46.9-54.1 42.4-49.6 31.0-37.8 
 
Negative predictive value       
TN/TN + FN 297/298 270/271 211/211 372/378 339/344 253/254 
Estimate, % 99.7 99.6 100 98.4 98.5 99.6 
95 % CI 98.1-99.9 97.9-99.9 98.2-100.0 96.6-99.3 96.6-99.4 97.8-99.9 
 
VTE at 3-month follow-up1       
FN/FN + TN 1/298 1/271 0/211 6/378 5/344 1/254 
Estimate, % 0.3 0.4 0.0 1.6 1.5 0.4 
95 % CI 0.1-1.9 0.1-2.1 0.0-1.8 0.7-3.4 0.6-3.4 0.1-2.2 
 
Required ultrasonographies2       
TP + FP/TP + FN 
+ FP + TN 615/913 642/913 702/913 535/913 569/913 659/913 
Estimate, % 67.4 70.3 76.9 58.6 62.3 72.2 
95 % CI 64.3-70.3 67.3-73.2 74.1-79.5 55.4-61.8 59.1-65.4 69.2-75.0 

CI, confidence interval; TP, true positive; TN, true negative; FP, false positive; FN, false negative; VTE, venous 
thromboembolism 
1 In patients with negative diagnostic work-up 
at baseline     
2 According to the criteria warranting ultrasonography in 
each strategy    
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5.2 Paper II 

In Paper II, we found that it was safe to defer CUS for up to 24 hours with empiric 

rivaroxaban in scheduled workup. Outcomes are summarized in Table 5. Origin and 

number of bleeding events are shown in Figure 10.  

 

Table 5 Primary and secondary outcomes n (%) 95 % CI 
Safety, bleeding events   
Major  0 <0.4 
           Clinically relevant non-major  3 (0.5) 0.1-1.4 
           Minor  60 (9.6) 7.4-12.2 
Major complications1 0 0.0-0.6 
Feasibility   
Patients included in the study 624 (37.7) 35.4-40.1 
1Worsening of symptoms, development of symptoms or signs of 
pulmonary  
embolism between inclusion and diagnosis of venous thromboembolism 
 

 

Figure 10 Origin and number of bleeding events 
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One thousand twenty-nine patients of the 1653 included patients (62.3%, 95% CI 

59.9-64.6) could not be managed according to scheduled workup (Table 6). The 

most common exclusion criterion was having received empiric anticoagulation in 

primary care before referral to the emergency department. This applied to 328 

patients (19.8%, 95% CI 17.9-21.9), 245 of whom had this as their only exclusion 

criterion (14.8%, 95% CI 13.1-16.6).  

 

Table 6 Exclusion criteria for scheduled workup in eligible patients 
(n = 1653) 

n (%) with      
criterion 

n (%) with only 
criterion 

Anticoagulation1 447 (27.0) 329 (19.9) 
Empiric anticoagulation treatment in primary care before referral 328 (19.8) 245 (14.8) 
Regular prescription of anticoagulation treatment 129 (7.8) 76 (4.6) 
Both empiric and regular use of anticoagulation treatment 10 (0.6) 8 (0.5) 

Patient objects discharge 192 (11.6) 117 (7.1) 
Physician deems discharge unsafe 189 (11.4) 89 (5.4) 
Suspected active or recent bleeding 70 (4.2) 11 (0.7) 
GFR < 45 mL/min 66 (4.0) 17 (1.0) 
Active cancer or chemotherapy within the past six months 65 (3.9) 23 (1.4) 
Major risk factors for bleeding 59 (3.6) 4 (0.2) 
Logistical challenges for at-home observation 45 (2.7) 16 (1.0) 
Work-up expected to complete within two hours 44 (2.7) 28 (1.7) 
Medications possibly interacting with rivaroxaban 44 (2.7) 10 (0.6) 
Hb < 11 g/dL and/or thrombocytes  < 100x109/L 39 (2.4) 6 (0.4) 
Pregnancy or lactation 23 (1.4) 14 (0.8) 
Suspected concurrent pulmonary embolism 22 (1.3) 2 (0.1) 
Comorbidities necessitating admission 20 (1.2) 2 (0.1) 
Suspected ischemia or eligibility for thrombolysis 4 (0.2) 0 (0) 
Liver disease2 2 (0.1) 0 (0) 
1 Regular prescription or empiric anticoagulation for suspected DVT   
2 Associated with coagulopathy or other bleeding risk   
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5.3 Paper III 

In Paper III, we found that ruling out DVT in patients with negative D-dimer or 

otherwise one negative whole-leg CUS is a safe strategy. Study flow and endpoints 

are depicted below (Figure 11). Six of 1113 patients who had negative D-dimer or 

normal whole-leg CUS were subsequently diagnosed with DVT within three months 

for a failure rate of 0.5% (95% CI 0.2-1.2). Three out of 415 patients with negative D-

dimer were diagnosed with DVT within three months for a failure rate of 0.7% (95% 

CI 0.1-2.1). Three of 698 patients with normal whole-leg CUS were diagnosed with 

DVT within three months for a failure rate of 0.4% (95% CI 0.1-1.3). Additionally, 

there were three patients with normal CUS who had died within three months of 

follow-up in whom VTE could not be ruled out as cause of death due to lack of an 

autopsy. Moreover, there were two patients with negative D-dimer who were lost 

to follow-up, and where it consequently cannot be determined if the patients had 

developed VTE. Adding these five patients to a worst-case scenario yielded an 

overall failure rate of 1.0% (95% CI 0.5-1.8); 1.2% (95% CI 0.4-2.8) for the D-dimer 

group, and 0.9% (95% CI 0.3-1.9) for the whole-leg CUS group.  
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Figure 11 Study flow and endpoints 

  
 

CUS was not performed in 50 of the 982 patients with positive D-dimer (5.1%), and 

performed in 43 of the 415 patients despite negative D-dimer (10.4%). In all cases 

where CUS was not performed despite positive D-dimer, review of patient files 

revealed that the suspicion of DVT was discarded after evaluation by the emergency 

department physician attending. Reasons for requesting CUS despite negative D-

dimer are listed below (Table 7).  
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Table 7 Reasons for requesting CUS despite negative D-dimer1 Total 
n 

No DVT 
n 

DVT 
n 

No recorded reason in patient files 14 14 0 
Strong suspicion of DVT due to specific symptoms or signs 14 12 2 
Evaluate extent of suspected thrombophlebitis to determine treatment 2 2 0 
Evaluate other suspected diagnosis than DVT 7 7 0 
High clinical pre-test probability 4 4 0 
Lack of alternative diagnosis to DVT 2 2 0 

Total, n  43 41 2 
1As recorded in patient files       

 

As such, 1304 of 1397 patients (93.3%, 95% CI 91.9-94.6) were managed according 

to protocol. 
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6. Methodological considerations 

The overall aim of epidemiological research is to establish accurate estimates of 

frequency of a condition, or effect of an exposure (116). Both the degree of validity 

and precision in the estimates influence accuracy. A precise estimate reflects little 

random error. Random error is expressed by variance in the estimate and may be 

counteracted by including a larger sample size. An estimate with a high degree of 

internal validity reflects little systematic error. Systematic error are commonly 

known as biases, of which there exist several classifications. Figure 12 outlines a 

simplified version of a common interpretation of the various threats to an accurate 

estimate of frequency or effect.  

 

 

Figure 12 Aims for research and potential challenges to obtaining them  
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6.1. Study design  

Epidemiological research consists of the two broad categories interventional and 

non-interventional trials, the latter commonly referred to as observational studies 

(116).   

An interventional trial was the overall design of choice for the Ri-Schedule 

study. First, we investigated a new indication for a licensed drug and incorporated it 

into a scheduled workup strategy which had not previously been practiced at the 

hospital. As such, both components required an interventional design in order to be 

assessed. As for withholding CUS and treatment in patients with negative D-dimer 

or otherwise negative whole-leg CUS, an interventional, prospective design would 

more accurately depict outcomes than retrospective analysis.  

The Ri-Schedule study was designed as a single-center, single-group, open 

label prospective management outcome trial. This entailed that all consecutive 

outpatients included at the study center were managed according to the same 

protocol provided they fulfilled all inclusion criteria and no exclusion criteria, and 

were followed up for a time period deemed necessary to detect potential adverse 

events. The main advantage of the study design was the prospective collection of 

data with well-established outcome measures and routines for detecting these, as 

well as few losses to follow-up. This likely increased the validity of our estimates, 

and reduced the risk of information or selection bias that could result from a 

retrospective design with incomplete, inaccurate or inconsistently measured data.   

Randomized controlled trials are considered the gold standard for assessing 

the efficacy and safety of a treatment as they eliminate other systematic 

differences between the groups than the intervention (117, 118). However, they 

also crave resources and are time-demanding, they may not be feasible due to the 

ethical considerations of administering or withholding medication, and their 

external validity may be hampered due to their homogenous study population. In 

the Ri-Schedule study, this design would have entailed randomizing patients to 

either receiving rivaroxaban or LMWH, or rivaroxaban or placebo. Administering 



61 
 

placebo medication would be ethically questionable as the strategy entailed 

discharging patients and deferring workup, thereby subjecting them to a risk of VTE 

complications without observation and treatment. Consequently, this was not an 

appropriate alternative for our study.  

As for randomizing patients to receiving either rivaroxaban or LMWH, the 

time and larger sample size required would have jeopardized our ability to conduct 

the study in a timely manner. An example of such a study design are non-inferiority 

trials, which are common when a new treatment may offer advantages over 

standard therapy, such as an improvement in patient satisfaction or convenience 

(119). With this study design, researchers aim to demonstrate that the new 

treatment is not unacceptably inferior to standard treatment, with efficacy and 

safety being common outcome measures. The efficacy of rivaroxaban for the 

treatment of VTE has already been demonstrated (95), and efficacy considerations 

in DVT treatment were beyond the aims of this study. As several studies have 

demonstrated the safety of prediagnostic LMWH, this aspect was not of primary 

concern for this study. However, randomizing patients to receiving either 

rivaroxaban or LMWH could have explored implications of any observed differences 

in bleeding rates. 

For the endpoints of papers I and III, it was our opinion that we generally 

could assess our aims satisfactorily with a less time-demanding and resource-

demanding study design than a randomized controlled trial. Prospective 

management trials are well established and common when assessing diagnostic 

tests or strategies in DVT management (74). As addressed in Chapter 1.5.4, the 

safety of existing management strategies has been extensively validated, and was 

not of primary concern for this trial. Furthermore, considering the low VTE rate 

found in these studies further improvements of safety would likely not be feasible.  

However, particularly when addressing the efficiency of the various 

strategies described in Paper I, the study would have benefited from a design 

randomizing patients to management according to the different strategies. 
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Unfortunately, even if the design had been planned for in the original protocol of 

the trial, it would have required more patients than was feasible for the scope of 

the study. Therefore, we opted for what we considered the second best solution of 

a retrospective comparison for Paper I, and comparing the suggested strategy to 

existing data for the remainder of the objectives. Consequently, the findings from 

Paper I need prospective validation in order to definitively conclude on the optimal 

strategy. 

Lastly, the external validity of our findings would have profited from seeking 

multicenter collaboration, preferably including international institutions. 

Conducting the study in different centers would have increased the number of 

participants, provided population heterogeneity, and included several D-dimer 

assays. By taking into account the different healthcare organization and various 

demographic factors that could affect our endpoints, we could have assessed the 

generalizability of our findings to other populations, centers and regions. In 

particular, we suspect this would have especially benefited the generalizability of 

our scheduled workup strategy. The strategy contained several subjective or 

organizational elements, i.e. evaluation of bleeding risk, as well as medical or 

logistical hindrances to scheduled workup. However, the efforts required from such 

an undertaking was outside the means and scope of the study, and must instead be 

examined in separate future trials.   

 

6.2 Study population  

The inclusion process introduced the possibility of selection bias. The implication of 

this bias is that any association between intervention and outcome differs between 

the study population and the source population of all eligible patients; i.e. the study 

population is not representative of the source population (116, 120). This may in 

turn compromise the internal validity of the study. Of the 2347 patients meeting 

the inclusion criteria and who were potentially eligible for the study, 694 patients 

(29.6%) were excluded and 1653 patients (70.4%) were included. The following 
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reasons were registered for why patients were excluded: lack of consent (212), time 

or resource constraints (152), unspecified (102), dementia diagnosis or other 

cognitive impairment (77), acute or chronic disease certainly or possibly affecting 

the ability to consent (65), language barriers (54), inability to consent because of 

developmental issues (15), study personnel not working at time of admission (15), 

and previous enrollment less than 90 days prior (2). In summary, patients were 

excluded either because of (a potential) inability to obtain consent for various 

reasons, or because of study logistics. It is possible that excluded patients had 

inherent differences that made them more or less susceptible to outcomes than the 

included study group. Notably, when study personnel did not have time to include 

all presenting patients, prioritizing which patients should be screened for inclusion 

could lead to selection bias (121). Study personnel may have prioritized the 

inclusion of patients deemed more likely to be eligible for scheduled workup, or 

patients with a lower risk of high D-dimer levels. By including consecutive 

outpatients we partially mitigated this issue. Indeed, in only 6.5% of screened cases 

did study personnel register an inability to include potentially eligible patients due 

to time restrictions. We believe that the remainder of eligible patients were mainly 

included consecutively. To support this finding is the fact that approximately 5% of 

the patients did not undergo CUS despite positive D-dimer because the emergency 

physician attending the patient regarded the risk of DVT low after renewed 

evaluation in the emergency department. The practice was protocol violation, and 

likely reflected that study personnel adhered to including all patients with a referral 

diagnosis of suspected DVT even when other diagnoses were more likely and of 

primary concern (i.e. suspected trauma or infection). 

Moreover, we did not exclude the protocol violations. This applies to the 

patients who did not undergo CUS despite positive D-dimer (in whom there were no 

VTE events within three months of follow-up), as well as the patients who did 

undergo CUS despite negative D-dimer (in whom two DVT were detected during the 

baseline visit). The numbers were too few to affect our failure rates. However, the 
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protocol violations likely reflect clinical practice, as research suggests there is 

varying adherence to diagnostic algorithms.  

Although the number of patients fulfilling each exclusion criterion separately was 

low, the 29.6% of excluded patients could affect the generalizability of our findings 

when extrapolating them to other emergency department outpatients. This must 

be taken into consideration when interpreting our findings. 

 

6.2.1 Paper I and Paper III 

The study population of these papers will be discussed together as Paper I was an 

interim analysis of 913 of the 1397 patients included in Paper III. Of the 1653 

patients included in the study, 256 patients (15.5%) were excluded from the 

analyses of Paper III. They consisted of patients with missing D-dimer at inclusion 

(n=7), patients who had initiated anticoagulation therapy within three months of 

follow-up for other reasons than VTE (n=120), and patients on regular prescription 

of anticoagulation therapy (n=129). The latter group was only excluded from the 

analyses of Paper III after further discussion, but before analyses of the data. 

 The patients who had initiated anticoagulation therapy during follow-up for 

other reasons than VTE were already receiving adequate therapy and were thus 

unlikely to develop VTE (122). Hence, they were excluded so as to not deflate the 

three-month VTE rate. Importantly, 93 of the 120 patients were anticoagulated 

because of clinically suspected or verified isolated superficial thrombophlebitis. 

Eighty-eight of these were detected at the baseline visit. Additionally, 18 patients 

had received DVT prophylaxis during follow-up because of established risk factors 

(i.e. surgery), 5 patients due to atrial fibrillation, 1 patient due to myocardial 

infarction, and 3 for unspecified reasons.  

We also excluded patients who were regularly prescribed anticoagulation 

therapy from the analyses of Paper III. As anticoagulation therapy may decrease D-

dimer (123), the role of D-dimer in these patients warrants a separate study. 
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Consequently, we decided that our findings should not be extrapolated to include 

these patients.  

 

6.2.2 Paper II 

Of the 1653 patients included in the Ri-Schedule study, 624 (37.7%) were managed 

according to scheduled workup. We have elaborated on the rationale behind our 

relatively conservative criteria in Paper II. Briefly, stringent criteria were elected to 

maximize safety for patients later found to have DVT who were managed at home, 

and to minimize the risk of side effects from anticoagulation treatment in the 

estimated 80% later found not to have DVT (124). The conservative exclusion 

criteria may yield higher internal validity as they clearly demarcate which patients 

the strategy is applicable to and not. However, they may simultaneously diminish 

generalizability. 

  As such, the patients excluded from data analyses in Paper I and Paper III, as 

well as the patients not eligible for scheduled workup in Paper II, adversely impact 

the generalizability of our findings to an unselected emergency department 

outpatient population by excluding a substantial proportion of patients the findings 

could be extrapolated to.    

 

6.3 Data acquisition 

Measurement errors in information required for the estimates are known as 

information bias (116), and may derive from study personnel, participants, 

exposures and outcomes (120). Classification error depending on the values of 

other variables is termed differential classification, whereas classification error not 

depending on the values of other variables is called nondifferential misclassification 

(116). 
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6.3.1 Paper I 

The estimates of failure rates, efficiency and diagnostic performance relied on D-

dimer and CUS results, as well as age and Wells score for some of the strategies.  

We measured D-dimer by the immuno-turbidometric method of STA®-

Liatest® D-Di Plus. While 0.5 mg/L is commonly used as a threshold for D-dimer 

positivity, the levels for the different analyses vary considerably (72), and it has 

previously been called for different positivity thresholds according to assay (63). For 

some of the most commonly used methods there is high imprecision for values 

around 0.5 mg/L. Internal validation of the STA-Liatest at Oslo University Hospital 

found a coefficient of variation of 10-15% for levels around 0.5 mg/L (68). A widely 

used measure of relative standard deviation, the coefficient of variation expresses 

the precision and repeatability of an assay. These results thus suggest that D-dimer 

around the cut-off level varies considerably. We did not apply study-specific control 

measures to D-dimer, and there is the possibility that D-dimer results and therefore 

failure rates would have varied if we had obtained repeated tests in the same 

individual. However, the failure rate of stand-alone D-dimer was in the same range 

as seen in similar studies using clinical follow-up as outcome (125-128), and the 

diagnostic properties were similar to other high-sensitivity assays (69). Moreover, 

the fact that we withheld CUS in most patients with negative D-dimer, none of 

whom developed clinically significant VTE within three months, could suggest that 

variability of D-dimer at levels as low as 0.5 mg/L is less clinically significant. This 

could be supported by literature suggesting that increasing thrombus burden has 

been shown to be associated with higher D-dimer levels (129, 130). Ideally, several 

D-dimer assays should have been examined to assess generalizability. However, this 

was not logistically feasible for our study.    

 Documentation of the Wells score was complete for all patients. The Wells 

score is subject to possible bias, with both objective (for instance active cancer) and 

subjective elements (for instance whether alternative diagnoses are more likely). 

We do not believe that the objective elements of the score constituted important 
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sources of information bias as it was documented in all patients by nurses and 

physicians familiar with its use, documented in the electronic case report form as it 

was scored rather than retrospectively, and the data were later validated. 

Additionally, study personnel had access to the patient files for details regarding 

individual histories. This could reduce the risk of recall bias, for instance in the case 

of whether the patient had previously been diagnosed with VTE. In some instances, 

D-dimer results were available before the score had been obtained, in which case 

scoring could be prone to bias as it might influence the assessor’s interpretation of 

C-PTP (131). Although study personnel were instructed to calculate the score before 

D-dimer was obtained to avoid this issue, it is plausible that D-dimer results 

occasionally influenced scoring. This could for instance occur when D-dimer had 

been obtained by others before study personnel had included the patient. As such, 

blinding of study personnel to D-dimer results could theoretically have resulted in a 

different stratification of patients into low, moderate, and high-probability 

subgroups. This bias could have influenced our comparison of strategies both in 

favor of stand-alone D-dimer, and the standard strategy incorporating Wells score. 

Blinding was unfortunately not feasible as study personnel required these results 

when deciding the next step. Multicenter collaboration with multiple assessors of 

Wells score could have counteracted this issue. However, as previously addressed 

this was not attainable, and iterates the necessity of validation studies when 

comparing strategies.  

 

6.3.2 Paper II 

Bleeding events and major complications were consecutively documented within 

the relatively short interval of 48 hours by study personnel familiar with their 

definitions. Furthermore, by definition these bleeding events often required 

hospital interventions that were recorded in patient files, thus providing study 

personnel with easily accessible information regarding the events. We therefore 

consider it unlikely that these events went unreported. We opted for follow-up at 
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48 hours to be a pragmatic interval based on the pharmacological properties of 

rivaroxaban. Nonetheless, it could be argued that 48 hours was too short of an 

interval to detect all bleeding events. The half-life of rivaroxaban is 4-9 hours, and 

up to 12 hours in elderly patients (111). Consequently, a conservative estimate 

would put 6.25% of the maximum concentration remaining in the body at 48 hours. 

While this concentration likely does not represent a major contribution to bleeding 

at this time, occult bleedings by definition may go well beyond 48 hours before 

being detected. As discussed in Paper II, this was the case for one study patient who 

experienced major bleeding with melena and was hospitalized 70 hours after taking 

rivaroxaban. While the bleeding was likely exacerbated rather than triggered by the 

drug, the case exemplifies why the follow-up interval could have profited from 

being prolonged. It is possible that some bleeding events might have gone 

undetected if they occurred after the end of follow-up. However, we consider this 

unlikely as endpoints were verified for accuracy throughout the study. As a single-

center study, we had access to fairly comprehensive information regarding 

endpoints - in this case, whether patients were re-assessed. 

The minor bleeding events reported in our study could be subject to 

observer/interviewer bias, for instance in how the patient was questioned or 

interpreted for registering events. Another pitfall could be reporting bias or 

participant expectation bias, as patients were well informed of potential 

complications, and may have had a lower threshold for reporting these.  

We documented all bleeding events. Many of these were nuisance bleedings 

likely to have gone unreported in a side effect registry, or during regular follow-up 

with scheduled visits outside of a study setting. Additionally, it is likely that many of 

the lower extremity hematomas found during the CUS examination were present 

before rivaroxaban was administered, as the hematoma likely was misinterpreted 

as DVT by referring instances (Figure 10). However, as rivaroxaban was 

administered before the patient underwent CUS, the sequence of events cannot be 

established. Based on the symptoms reported by the patients, it was our impression 
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that there was a low threshold for reporting and registering bleeding events. 

However, considering that the literature suggests minor bleedings may be 

underreported in large clinical data trials (113), we cannot be sure whether the 

observed proportion of 10.1% is higher than should be expected. Nonetheless, it 

does serve as a reminder that for long-term use the drug may be affiliated with 

nuisance bleedings possibly inconveniencing patients despite the low risk of severe 

bleeding events.  

  

6.3.3 Paper III 

In addition to the D-dimer considerations elaborated on in Paper I being similarly 

applicable to this paper, some aspects of failure rate of whole-leg CUS should be 

addressed. The failure rate of the strategy depended on CUS results. Information 

bias could occur if the patients were misclassified as having or not having DVT at 

baseline or during follow-up. Counteractive measures in our study could have been 

assessing repeatability either by systematically repeating CUS, examination by two 

independent observers, or applying reference imaging. A recent systematic review 

and meta-analysis examined the accuracy of diagnostic tests for DVT, with whole-

leg CUS being one of the components assessed. By using venography as reference 

standard in all of the studies analyzed, the authors found a pooled estimate for 

sensitivity of 94.0% (95% CI 91.3-95.9), for specificity of 97.3% (95% CI 94.8-98.6), a 

low rate of <5% of false positive and false negative examinations, as well as few 

inconclusive test results (43). We believe this aspect did not constitute a major issue 

due to the favorable diagnostic properties of CUS. Moreover, as previously 

addressed three-month VTE rates after negative imaging is a common practice for 

assessing current diagnostic management strategies (74). However, it is a 

precaution to acknowledge when reporting endpoints in our study.  

There is a risk that the three-month VTE rate was underreported by relying 

on self-reporting rather than CUS at the end of follow-up. However, CUS for all 
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patients could have resulted in overdiagnosis by detecting and treating 

asymptomatic DVT with uncertain benefit, a topic insufficiently researched (132).  

 

6.3.4 Preventive steps against bias in the Ri-Schedule study 

All events classified as primary endpoints in papers II and III were adjudicated by an 

independent committee, thus mitigating observer bias. The one failure rate in Paper 

I was not adjudicated as it was an interim analysis, and how the one event was 

adjudicated would not have changed the conclusion. Moreover, experienced 

radiologists both conducted CUS as well as interpreted endpoints. The conclusions 

of previous baseline and follow-up CUS were not known to the adjudicators.  

Blinding of the adjudicators was not possible for endpoints pertaining to 

bleeding events or cause of death, as these required information regarding the 

interventions and outcomes.  

Other preventive steps included following explicit protocols for data 

collection, handling, and monitoring, study personnel familiar with the assessment 

methods, and clear, evidence and clinically practiced-based definitions of exposures 

and outcomes with prospective data collection in a standardized electronic case 

report form.  

 

6.4 Statistical considerations  

6.4.1 Choice of endpoints 

The primary objective of all papers was to assess an association between an 

intervention and an outcome.  

 Efficacy is the commonly used primary endpoint in the non-inferiority trials 

comparing DOACs with LMWH and VKA (94-97). For Paper II, we chose safety as the 

primary endpoint because the efficacy of rivaroxaban for the treatment of DVT is 

well established as non-inferior to standard treatment, and was therefore of less 

concern as the patients in our study received therapeutic doses of rivaroxaban. 

Secondly, based on the previously reported prevalence in our study population we 
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expected that 80% of patients would later be found not to have DVT. As such, the 

safety aspect of anticoagulating healthy patients was of primary concern.  

 As for papers I and III, acceptable post-test probability thresholds are the 

benchmarks when evaluating the safety of new diagnostic tests or management 

strategies for VTE. As previously addressed, diagnostic strategies for VTE are 

currently validated in management studies through the observed VTE rate within 

three months in untreated patients (74). This is traditionally set at a false negative 

rate of 2%, and is based on the three-month VTE rate after a negative venography. 

As such, a post-test probability of ≤2% for a diagnostic test or algorithm is 

considered safe to rule out DVT.  

 

6.4.2 Sample size calculation 

The estimated sample size required to satisfactorily assess our objectives was 

predefined for papers II and III. They were both based on recruiting the number of 

patients required to demonstrate that the endpoint did or did not occur more 

frequently than our predefined acceptable safety thresholds. We used a power of 

80% (β=20%) and a significance level of 5% for both papers, yielding an estimated 

sample size of 620 patients in Paper II and 500 patients in Paper III. Both these 

sample size preferences were ultimately met, with more patients included than 

predefined for Paper III as it took longer to include the 620 required patients for 

Paper II.  

 

6.5 Ethical considerations 

We undertook several measures to ensure quality control, as elaborated on in 

Chapter 4.5. 

However, given that patients and healthcare providers are not equal 

participants in a study, there is the possibility that study participants may have felt 

obliged to participate. To mitigate this, we aimed to provide as neutral and 
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complete information as possible, including the possibility to decline or withdraw 

consent at a later point.  

By administering rivaroxaban, we exposed patients to potentially harmful 

side effects. However, patients who were subsequently diagnosed with DVT had an 

earlier treatment start than they otherwise would have had, and empiric 

anticoagulation is already often given to patients with suspected DVT. We aimed to 

minimize the risk by thorough information regarding how and when to contact the 

Emergency Department in case of side effects, having a relatively low threshold for 

terminating the study if deemed unsafe, and applying stringent criteria for 

management with rivaroxaban. 

Lastly, patients may experience positive effects by participating in a clinical 

trial. Several patients expressed the feeling of reassurance from the additional 

follow-up of the study, and from the low threshold for re-contacting the Emergency 

Department.  

We considered that these precautions and the potential benefits from the 

study supported it being conducted.  
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7. Discussion of main findings  

So far the historical context, current practices, recent advances, as well as some of 

the knowledge gaps and areas for improvement in the workup of DVT have been 

discussed. This chapter summarizes the contributions of our findings and their 

potential impact on clinical practice, as well as their limitations and areas to target 

for future research.  

 

7.1 Paper I and Paper III 

7.1.1 Our findings compared to the existing diagnostic algorithm 

In Paper I, we found that D-dimer as a stand-alone test was comparably safe to 

existing diagnostic algorithms. Moreover, the strategy required fewer CUS 

examinations than D-dimer combined with the original or modified Wells scores 

(Table 4). In Paper III, we demonstrated the safety of a new diagnostic management 

strategy incorporating a single whole-leg CUS in patients with positive D-dimer and 

withholding imaging and anticoagulation in patients with negative D-dimer.  

To our knowledge, our study is the first large prospective study to withhold 

imaging and anticoagulation treatment in patients with negative D-dimer regardless 

of C-PTP. Stand-alone D-dimer for ruling out DVT is generally perceived to be unsafe 

(36, 133), and there is extensive literature supporting this view (69, 134, 135). For 

many of these studies, there was insufficient information regarding the proportion 

of proximal versus distal DVT. Additionally, few studies used clinical follow-up in a 

prospective management design similar to ours. A strength of this design is 

assessing the clinical impact of withholding diagnostics and therapy, i.e. whether 

the DVT would persist, progress or embolize if untreated. Instead, most studies 

assessed D-dimer against reference imaging at inclusion either for all patients, or 

for perceived high-risk patients regardless of D-dimer. Rathbun et al found three-

month VTE rates of 0.0% (95% CI 0-4.4) for suspected first DVT and 0.75% (95% CI 

0.02-4.1) for suspected recurrent DVT when ruling out the diagnosis on the basis of 

negative stand-alone D-dimer in 81 and 134 patients, respectively (126, 127). 
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Perrier et al applied a similar design, but imaged patients with negative D-dimer as 

a precautionary measure (128).  

As such, the main implication of our findings is that they challenge the 

currently held view that stand-alone D-dimer to rule out suspected DVT is unsafe. 

As discussed in papers I, III and Chapter 6, our study has several limitations, such as 

being conducted in a single center and applying one D-dimer assay. Even though we 

expect it can be extrapolated to other intermediate risk outpatient populations and 

high-sensitivity assays, validation studies are needed to examine this before the 

approach may be considered for general clinical practice. Nonetheless, the 

favorable safety profile of stand-alone D-dimer in our study may reflect certain 

contemporary developments. As pointed out by several others when discussing the 

management of suspected DVT (136, 137), prevalence and failure rate are related. 

The negative predictive value of a test is inversely related to prevalence. This 

implies that negative predictive value increases as prevalence decreases. The 

comparatively low DVT prevalence seen in recent studies may be associated with 

increased awareness of DVT and a lower threshold for workup (136). A negative D-

dimer will have a higher value in these settings, particularly as high-sensitivity 

assays are currently recommended by guidelines. Our findings may suggest that the 

added precautionary measure of C-PTP assessment may be unnecessary in these 

overall low and intermediate risk populations. Instead, they may primarily serve to 

complicate the algorithm, and possibly result in more unnecessary CUS.  

The study does not solve the issues inherent to this and other current 

diagnostic management strategies: they may not be suitable for certain high-

prevalence or anticoagulated populations due to the risk of false negative tests. 

Likewise, they may not be appropriate for the several situations and conditions in 

which D-dimer is expected to be elevated with subsequent risk of false positive 

tests. Examples of the latter would be patients with cancer (63), inpatient or 

pregnant populations (138, 139). These groups are also at a higher risk of 
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developing DVT. Consequently, they may benefit from separate management 

strategies entirely.  

As for selecting a CUS modality, whole-leg CUS was the preferable option for our 

study as we attempted to simplify the algorithm and make it applicable to the 

whole population regardless of C-PTP. We acknowledge that this may not be 

suitable or desirable for all centers. As previously mentioned, both proximal and 

whole-leg CUS are accepted imaging strategies. Choice of strategy is not widely 

consensus-based, and the practice varies according to individual preference, 

availability and resources, as well as the organization of imaging in individual 

centers. While whole-leg CUS typically requires a single examination, proximal CUS 

often entails repeat examination after one week, treating only DVT extending to the 

proximal veins by the second examination. Randomized studies comparing the two 

strategies found similar three-month VTE risks for whole-leg and repeat proximal 

CUS (77, 79), which questions the necessity to systematically detect and treat all 

distal DVT. A recent meta-analysis found no significant differences in the three-

month VTE rates of single proximal CUS, repeat proximal CUS, and single whole-leg 

CUS, respectively (44). However, the DVT prevalence was lower in studies assessing 

single proximal CUS, which likely reflects the selection of low-risk patients to 

undergo a limited examination. Consequently, the populations are likely to not be 

comparable. As few studies have conducted direct comparisons between the 

strategies, recommendations mainly derive from the individual safety profile of 

each strategy, as well as expert opinion (44). 

These uncertainties are reflected in the lack of unified recommendations by 

guidelines and consensus statements. The 2018 American Society of Hematology 

guidelines do not state their preference for one modality (74), whereas the 2012 

American College of Chest Physicians guidelines advised a single proximal CUS for 

patients considered to have a low C-PTP, and repeat proximal or whole-leg CUS for 

the remainder (36). The 2020 National Institute for Health and Care Excellence 

guidelines suggests single or repeat proximal CUS for patients perceived to be 
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unlikely and likely to have DVT, respectively (75). The 2018 European Society of 

Cardiology joint consensus statement and others suggest whole-leg CUS over 

proximal CUS (76, 140).  

As elaborated on in Paper III, the main advantage of conducting a single, 

whole-leg CUS is that the workup can be completed in one visit regardless of C-PTP. 

It does not require the resources of an additional visit whilst also being less time-

consuming for the patient. Proximal CUS necessitates repeat testing unless the 

perceived C-PTP is low (36, 74). On the other hand, one proximal CUS examination 

takes less time and requires less skill to perform than whole-leg CUS (141, 142).  

An additional advantage of whole-leg CUS is the ability to identify alternative 

diagnoses in up to 42% of patients (143). However, by detecting possibly 

insignificant distal DVT, whole-leg CUS can simultaneously result in overdiagnosis. 

The European Society of Cardiology, which states a preference for whole-leg CUS, 

suggests surveilling or treating distal DVT with a lower dose or shorter duration of 

anticoagulation therapy to remedy the potential for overtreatment (76).  

The detection and treatment of distal DVT remain disputed (4). Guidelines 

suggest stratifying patients according to symptoms and risk factors for proximal 

extension of the thrombus (76, 90). As such, they suggest anticoagulation for 

patients with severe symptoms or risk factors for proximal extension, and serial CUS 

without anticoagulation for the remainder. However, the Grade 2C level of 

recommendations (weak, low-quality evidence) underscores the uncertainty 

regarding the optimal management of these patients. The CACTUS trial, currently 

the only randomized placebo-controlled trial conducted, compared 6-week LMWH 

therapy with placebo in patients with distal DVT who were deemed to have a low 

risk of recurrent VTE (144). There was no significant difference between the groups 

regarding progression of the DVT, but there was a significantly higher rate of 

clinically relevant bleeding in the group receiving anticoagulation therapy compared 

to placebo (risk difference 4% vs. 0%; p = 0.0255). However, only half of the 

estimated sample size was ultimately included, and the findings must be 
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interpreted with caution. Future advances in research clarifying which distal DVT 

should be treated will likely guide the selection of preferred CUS modality.  

 

7.1.2 Our findings compared to age-adjusted and C-PTP-adjusted D-dimer 

strategies 

As addressed in Chapter 1.5.4, a recent individual patient data meta-analysis of four 

studies found that the age-adjusted and C-PTP-adjusted D-dimer strategies were 

similarly useful (48). Both strategies had high sensitivity and negative predictive 

values, and necessitated a similar number of CUS examinations. Furthermore, they 

both had several advantages over using a fixed D-dimer cut-off: age-adjusted D-

dimer increased specificity by 9.5%, and C-PTP-adjusted D-dimer increased 

specificity by 12.0%. Sensitivity and negative predictive value remained comparably 

high for all three thresholds. There was an 8.2% and 10.2% absolute decrease in 

required CUS examinations for age- and C-PTP-adjusted D-dimer, respectively.  

In Paper I, we similarly found that age-adjusted D-dimer with the three-level 

Wells score necessitated 8.0% fewer CUS as compared to fixed D-dimer while 

increasing specificity by approximately 10% (Table 4). However, this came at the 

cost of a slightly higher three-month VTE rate. The three-month VTE rate was 0.4% 

(95% CI 0.1-2.1) for fixed D-dimer with the three-level Wells score, and 1.5% (95% CI 

0.6-3.4) for age-adjusted D-dimer with the three-level Wells score. Stand-alone D-

dimer required 5.1% more CUS compared to age-adjusted D-dimer with the three-

level Wells score. However, the three-month VTE rate of the stand-alone D-dimer 

strategy was lower; 0.3% (95% CI 0.1-1.9). In Paper III, a retrospective comparison 

demonstrated that the age-adjusted and C-PTP-adjusted strategies with the three-

level Wells score both necessitated approximately 4% fewer CUS than our strategy, 

albeit at a slightly higher three-month VTE rate. The 30-day case fatality rate of first 

DVT has been reported to be around 5.5-11% (22, 145). Therefore, it could be 

argued that a lower failure rate may be preferable when the number of required 

CUS examinations are similar.  
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Both the age-adjusted D-dimer as a stand-alone test, as well as combined with the 

two-level Wells score seem less clinically relevant. Age-adjusted D-dimer as a stand-

alone test may have an unacceptably high failure rate, and it has primarily been 

assessed using the three-level Wells score.  

An advantage with our strategy is that the same approach applies to the 

whole population, unlike the age-adjusted and C-PTP-adjusted strategies for whom 

only perceived low or moderate-risk patients are eligible (146). Additionally, the 

studies included in the above-mentioned meta-analysis all excluded patients with 

previous VTE. As such, the utility of the strategies in this study population, 

comprising 15% of patients in our material, cannot be ascertained.  

Other advantages with our strategy are that it is simple, objective, and may 

easily be standardized. It is less dependent on physician experience than strategies 

incorporating clinical prediction rules. This may be advantageous in a clinical setting 

such as emergency departments, where there may be a high turnover of relatively 

inexperienced staff.  

Moreover, it may counteract some of the challenges associated with current 

clinical prediction rules as discussed in Paper III. These include the subjective 

elements of some scores (61, 147), not widely validated interrater reliability (36), 

and incorrect use. The latter may result from knowledge of D-dimer results prior to 

scoring, which may in turn influence how physicians perceive the risk of DVT (131). 

Several studies from clinical practice show lack of or varying adherence to clinical 

prediction rules (55, 148-151). For instance, the GARFIELD-VTE registry reported a 

less than 5% use of clinical prediction rules before the patient underwent imaging 

(5, 152). A recent qualitative study exploring physicians’ test choices in the 

management of patients with suspected PE identified several barriers to adherence 

to guidelines. Among these were anxiety with the potential severity of PE, time and 

knowledge barriers, as well as issues regarding the relative complexity of the Wells 

score (153). Management of patients with suspected DVT would likely encounter 
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similar issues. As such, the simplicity and objectivity of our strategy may benefit 

applicability.  

However, it would not bypass challenges to adherence entirely. As such, further 

studies are required to assess the generalizability and applicability of our strategy. 

As demonstrated in Table 7, 43 patients (10.4%) underwent CUS despite negative D-

dimer. For some of these patients, CUS was requested to examine an alternative 

diagnosis, or to evaluate the extent of suspected thrombophlebitis to determine 

whether anticoagulation therapy was warranted. However, for at least 14 of 43 

patients, attending physicians had a strong suspicion of DVT, thus overruling 

negative D-dimer and protocol to request CUS. While clinical practice warrants 

occasional deviations from guidelines or best practice for optimal management of 

patients with any condition, our protocol deviations may also serve as a reminder 

that there are strong incentives to perform diagnostic testing.  

The age-adjusted or C-PTP-adjusted D-dimer strategies may be better suited 

than our strategy in certain populations. In outpatient populations with a markedly 

higher median age, the age-adjusted D-dimer may rule out DVT without CUS in a 

larger proportion of patients. The C-PTP-adjusted D-dimer may be more useful for 

populations with a consistently high proportion of patients scored in the low C-PTP 

group. By incorporating a clinical prediction rule, they also include an additional 

precautionary measure in high-risk patients. Lastly, physicians may be more inclined 

to refrain from CUS despite positive D-dimer if DVT suspicion is dismissed after 

evaluation, and further backed up by a low C-PTP score. In these cases, C-PTP 

assessment could theoretically reduce unnecessary CUS examinations. 

 

7.2 Paper II  

In this paper, we demonstrated that a therapeutic dose of empiric rivaroxaban is 

safe to administer to outpatients with suspected DVT. Moreover, there were no 

complications from delaying CUS for up to 24 hours while patients were taking 

rivaroxaban. Our findings were in line with previous studies examining deferred 
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workup with empiric anticoagulation (100-106). These studies assessed outpatients, 

hospitalized and primary care patients in both observational and interventional 

designs, covered unfractionated heparin and various LMWH, and deferred imaging 

for up to 72 hours. VTE prevalence ranged between 13.1-34.4%. Chaer et al 

restricted their 24-hour access to CUS by allowing off-hour CUS only in patients who 

had a moderate or high risk of DVT and a contraindication to LMWH. Low-risk 

patients were discharged awaiting deferred CUS, whereas the 28 non-low risk 

patients without contraindications received a single dose of LMWH awaiting 

deferred CUS. Overall, CUS requests were reduced by 64% the year after 

implementation without negatively affecting patient care, and the proportion of 

positive studies increased from 6.7 to 20%. Discharge of patients had similar 

contraindications to our strategy, being applicable to patients without concurrent 

conditions necessitating medical attention, (risk of) bleeding, or inconvenience with 

discharge. Imberti et al administered a single dose of LMWH to 530 primary care 

patients before subsequent CUS referral within 18 hours, lest they require urgent 

hospital care due to PE or other conditions, or had contraindications to LMWH. 

There were no major bleeding episodes or PE in these patients. Siragusa et al 

demonstrated the safety of an approach deferring imaging with empiric LMWH for 

up to 72 hours in patients with suspected VTE. In this prospective study, no major 

bleedings occurred, whereas one patient later diagnosed with proximal DVT had 

worsening of their symptoms before diagnosis (0.2%; upper 95% CI 0.6%). Langan et 

al found an 89% reduction in off-hour imaging examinations without complications 

from anticoagulation therapy or deferred CUS in their prospective study discharging 

or admitting patients awaiting CUS. Anderson et al similarly did not find any major 

complications from anticoagulation or deferred CUS in their 344 patients presenting 

at the Emergency Department with suspected DVT. Bauld et al discharged 128 

patients with suspected VTE from the Emergency Department with a therapeutic 

dose of dalteparin for next-day imaging without compromised patient care. While 

these studies differed in sample size and protocol for management, they all 
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stemmed from a need to optimize resource use and to a greater extent schedule 

workup of these patients rather than performing urgent around-the-clock workup.  

As such, there are two main clinical contributions of this article. For one, it proposes 

a strategy that may improve resource use by channeling a substantial proportion of 

patients from workup during peak hours or off-hours to generally more 

accommodating time periods. For patients, scheduled workup may reduce waiting 

time and increase predictability. Additionally, it may aid primary care and 

emergency department physicians in determining which patients do not require 

urgent referral or admission. Various benefits of deferring CUS until hospital on-

hours have been noted in the abovementioned studies, as elaborated on in Paper II. 

Briefly, it may contribute to cost savings, more inpatient laboratory time, and 

improved job satisfaction for ultrasonographers (101, 104, 154).  

Secondly, the strategy introduces an alternative anticoagulant for empiric 

management of these patients which has the benefits of oral administration and, 

with few exceptions, universal dosing. As only 56% of patients that had received 

empiric LMWH before referral to our center had received the minimum therapeutic 

weight-adjusted dosage, standardized dosing might allow for more streamlined 

management.  

In Paper II and Chapter 6, we discussed the implications and limitations of 

our study, namely balancing the considerations of generalizability to safety. Less 

conservative criteria would have resulted in more patients being eligible for the 

strategy, which in turn would likely have increased generalizability and applicability. 

However, it would have put patients without DVT at a small risk of adverse events 

from rivaroxaban. Patients with DVT would risk deterioration while they were at 

home awaiting CUS. We found that an additional 14.8% would have been eligible 

for scheduled workup had they not already received empiric LMWH in primary care, 

increasing the proportion of eligible patients to 52.5%. However, for future 

implementation we would advise that the same general contraindications to 
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rivaroxaban or any anticoagulant be applied in a scheduled workup strategy rather 

than our pre-set thresholds for creatinine, hemoglobin and thrombocytopenia.  

Another consideration for feasibility is that the strategy could have benefited from 

being divided into the two components of contraindications to rivaroxaban or 

general anticoagulation therapy, and contraindications to at-home management or 

delayed CUS. By including the patients who could have received rivaroxaban but 

could not have been discharged, we would have assessed the safety of the drug in a 

larger proportion of the outpatient population. However, the strategy was designed 

as an integrated pathway to assess whether patients could be managed at home 

until a scheduled CUS appointment. In the future, such a strategy could shift a 

greater proportion of referrals from urgent to scheduled during hospital on-hours. If 

integrated with the stand-alone D-dimer approach (Figure 8), it could additionally 

reduce the number of required workups altogether.  

 The study does not clarify which patients would benefit from receiving or not 

receiving empiric anticoagulation therapy and to our knowledge, no studies have 

been conducted on this topic. In line with the suggestions of guidelines and 

considering that our findings did not yield major adverse events, it seems plausible 

to offer empiric anticoagulation therapy if workup is delayed or deferred to reduce 

the potential risk of VTE complications. As the results from the several studies on 

LMWH, the retrospective chart review of DOACs and our study suggest, this indeed 

seems to be a safe practice.   
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8. Conclusions and future perspectives 

In this thesis, we have demonstrated the safety and feasibility of a diagnostic 

pathway for managing outpatients with suspected first or recurrent DVT. Our 

findings support the safety of a strategy deferring CUS with empiric rivaroxaban, 

withholding anticoagulation and CUS in patients with negative D-dimer regardless 

of C-PTP, and excluding DVT with a single negative whole-leg CUS regardless of C-

PTP. Additionally, our strategy necessitated fewer CUS examinations than the 

current diagnostic algorithm incorporating Wells score without compromising 

safety. By integrating the findings from our three papers, we have suggested a 

management strategy that may simplify DVT workup while allowing it to be 

conducted during more feasible times for patients and referral centers. We believe 

our strategy may be a valuable and clinically relevant contribution to the 

management of patients with suspected DVT. We acknowledge that some aspects 

of our study may compromise the generalizability and applicability of our findings, 

and that validation studies are required to explore this further.  

There are several challenges for the future workup of DVT that were beyond 

the scope of this thesis. Our scheduled workup strategy needs validation to 

determine its applicability to a broader outpatient population, and whether other 

DOACs can be applied. Additionally, the strategy could be extended to primary care 

or PE/VTE populations, as assessed by some of the other studies involving LMWH in 

deferred imaging approaches (102, 103, 106).  

The development of diagnostic algorithms undoubtedly allowed for major 

progress in the workup of DVT by reducing the proportion of required imaging 

studies by approximately 30% (62). However, the validity and utility of the current 

workup strategy may be compromised by several recent developments and 

observations. These include the development of the more conservative two-level 

Wells score, which is suggested or preferred by several guidelines (74-76), the 

discussed real-life deviations from diagnostic algorithms seen in observational 

studies, as well as the low DVT prevalence reported in recent prospective outcome 
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studies (136). Recent research efforts employing alternative D-dimer thresholds or 

simplified algorithms have similarly to our study shown promising results with 

regards to improving specificity whilst retaining safety. Large prospective head-to-

head trials comparing the existing diagnostic algorithm to alternative strategies 

would be a sensible next step. To mitigate the logistical challenges of such an 

undertaking, as well as strengthening the internal and external validity of the 

findings, existing and future collaborative efforts should be developed and 

strengthened (155). Moreover, increased awareness with regards to the utility of 

the strategies should be explored. As pointed out by Reilly et al (156), despite major 

clinical prediction rules having displayed promising reproducibility in validation 

studies, they have mostly not undergone formal impact analyses to assess how they 

affect clinical practice. Such studies are warranted and should originate from the 

needs of clinicians.  

As previously mentioned, the generally accepted threshold for safety is set as 

low as the three-month VTE rate after negative venography of 1.3% (95% CI 0.2%–

4.4). Consequently, it may not be feasible to increase specificity substantially 

without impacting the three-month VTE rate, as elaborated on in the discussion of 

diagnostic properties. Currently, high sensitivity has been given greater priority 

when managing VTE patients (137). Although our strategy and those incorporating 

Wells score or alternative D-dimer cut-offs differed in their advantages of safety 

versus utility when we compared them, the differences were not substantial. As 

such, we may be reaching the limits of the diagnostic yield with current methods. 

The future advances of DVT workup and treatment will likely see increased tailoring 

of management based on individual risk profile for DVT, recurrence, and 

complications. The use of big data and machine-learning techniques in VTE 

diagnostics and management is a step in this direction, where more accurate 

prediction models for risk is one of the components being investigated (157). In the 

future, these tools could also incorporate other items such as novel biomarkers, 

bleeding risk assessments, as well as patient preference evaluations. To further the 
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advancements of these techniques, venous thrombosis communities should 

continue developing and expanding high-quality VTE registries, biobanks, and well-

designed clinical trials. Additionally, the communities should contribute to selecting 

appropriate endpoints (158). As alluded to throughout the thesis when discussing 

controversies surrounding empiric anticoagulation therapy, deferred workup, and 

the diagnostic evaluations of patients with suspected DVT, any decision in disease 

management is ultimately a value-based judgement of risk versus benefit. This 

aspect could profit from consensus-based statements when determining the future 

of VTE management.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  



86 
 

  



87 
 

9. References 
1. Merriam-Webster.com Dictionary [Internet]. Springfield, Massachusetts: Merriam-
Webster, Incorporated; c2021 [Available from: https://www.merriam-
webster.com/dictionary/thrombosis. 
2. Tritschler T, Kraaijpoel N, Le Gal G, Wells PS. Venous Thromboembolism: Advances in 
Diagnosis and Treatment. Jama. 2018;320(15):1583-94. 
3. Galanaud JP, Quenet S, Rivron-Guillot K, Quere I, Sanchez Muñoz-Torrero JF, Tolosa C, et al. 
Comparison of the clinical history of symptomatic isolated distal deep-vein thrombosis vs. proximal 
deep vein thrombosis in 11 086 patients. J Thromb Haemost. 2009;7(12):2028-34. 
4. Robert-Ebadi H, Righini M. Management of distal deep vein thrombosis. Thromb Res. 
2017;149:48-55. 
5. Schellong SM, Goldhaber SZ, Weitz JI, Ageno W, Bounameaux H, Turpie AGG, et al. Isolated 
Distal Deep Vein Thrombosis: Perspectives from the GARFIELD-VTE Registry. Thromb Haemost. 
2019;19(10):1675-85. 
6. Kearon C. Natural history of venous thromboembolism. Circulation. 2003;107(23 Suppl 
1):I22-30. 
7. Merriam-Webster.com Dictionary [Internet]. Springfield, Massachusetts: Merriam-
Webster, Incorporated; c2021 [Available from: https://www.merriam-
webster.com/dictionary/hemostasis. 
8. Kearon C, Ageno W, Cannegieter SC, Cosmi B, Geersing GJ, Kyrle PA. Categorization of 
patients as having provoked or unprovoked venous thromboembolism: guidance from the SSC of 
ISTH. J Thromb Haemost. 2016;14(7):1480-3. 
9. Crowther MA, Kelton JG. Congenital thrombophilic states associated with venous 
thrombosis: a qualitative overview and proposed classification system. Ann Intern Med. 
2003;138(2):128-34. 
10. Cushman M. Epidemiology and risk factors for venous thrombosis. Semin Hematol. 
2007;44(2):62-9. 
11. Anderson FA, Jr., Spencer FA. Risk factors for venous thromboembolism. Circulation. 
2003;107(23 Suppl 1):I9-16. 
12. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, et al. Antithrombotic 
Therapy for VTE Disease: CHEST Guideline and Expert Panel Report. Chest. 2016;149(2):315-52. 
13. White RH. The epidemiology of venous thromboembolism. Circulation. 2003;107(23 Suppl 
1):I4-8. 
14. Hirsh J, Hull RD, Raskob GE. Clinical features and diagnosis of venous thrombosis. J Am Coll 
Cardiol. 1986;8(6 Suppl B):114b-27b. 
15. Wells PS, Hirsh J, Anderson DR, Lensing AW, Foster G, Kearon C, et al. Accuracy of clinical 
assessment of deep-vein thrombosis. Lancet. 1995;345(8961):1326-30. 
16. Naess IA, Christiansen SC, Romundstad P, Cannegieter SC, Rosendaal FR, Hammerstrom J. 
Incidence and mortality of venous thrombosis: a population-based study. J Thromb Haemost. 
2007;5(4):692-9. 
17. Heit JA, Spencer FA, White RH. The epidemiology of venous thromboembolism. J Thromb 
Thrombolysis. 2016;41(1):3-14. 
18. Ghanima W, Brodin E, Schultze A, Shepherd L, Lambrelli D, Ulvestad M, et al. Incidence and 
prevalence of venous thromboembolism in Norway 2010-2017. Thromb Res. 2020;195:165-8. 
19. Cohen AT, Agnelli G, Anderson FA, Arcelus JI, Bergqvist D, Brecht JG, et al. Venous 
thromboembolism (VTE) in Europe. The number of VTE events and associated morbidity and 
mortality. Thromb Haemost. 2007;98(4):756-64. 
20. White RH, Zhou H, Murin S, Harvey D. Effect of ethnicity and gender on the incidence of 
venous thromboembolism in a diverse population in California in 1996. Thromb Haemost. 
2005;93(2):298-305. 

https://www.merriam-webster.com/dictionary/thrombosis
https://www.merriam-webster.com/dictionary/thrombosis
https://www.merriam-webster.com/dictionary/hemostasis
https://www.merriam-webster.com/dictionary/hemostasis


88 
 

21. Heit JA, Silverstein MD, Mohr DN, Petterson TM, Lohse CM, O'Fallon WM, et al. The 
epidemiology of venous thromboembolism in the community. Thromb Haemost. 2001;86(1):452-
63. 
22. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O'Fallon WM, Melton LJ, 3rd. Trends in 
the incidence of deep vein thrombosis and pulmonary embolism: a 25-year population-based 
study. Arch Intern Med. 1998;158(6):585-93. 
23. Khan F, Rahman A, Carrier M, Kearon C, Weitz JI, Schulman S, et al. Long term risk of 
symptomatic recurrent venous thromboembolism after discontinuation of anticoagulant treatment 
for first unprovoked venous thromboembolism event: systematic review and meta-analysis. Bmj. 
2019;366:l4363. 
24. Albertsen IE, Nielsen PB, Søgaard M, Goldhaber SZ, Overvad TF, Rasmussen LH, et al. Risk of 
Recurrent Venous Thromboembolism: A Danish Nationwide Cohort Study. Am J Med. 
2018;131(9):1067-74.e4. 
25. Prandoni P, Noventa F, Ghirarduzzi A, Pengo V, Bernardi E, Pesavento R, et al. The risk of 
recurrent venous thromboembolism after discontinuing anticoagulation in patients with acute 
proximal deep vein thrombosis or pulmonary embolism. A prospective cohort study in 1,626 
patients. Haematologica. 2007;92(2):199-205. 
26. Kahn SR. The post-thrombotic syndrome. Hematology Am Soc Hematol Educ Program. 
2016;2016(1):413-8. 
27. Tavoly M, Wik HS, Sirnes PA, Jelsness-Jørgensen LP, Ghanima JP, Klok FA, et al. The impact 
of post-pulmonary embolism syndrome and its possible determinants. Thromb Res. 2018;171:84-
91. 
28. Ghanima W, Wik HS, Tavoly M, Enden T, Jelsness-Jørgensen LP. Late consequences of 
venous thromboembolism: Measuring quality of life after deep vein thrombosis and pulmonary 
embolism. Thromb Res. 2018;164:170-6. 
29. Deitelzweig SB, Johnson BH, Lin J, Schulman KL. Prevalence of clinical venous 
thromboembolism in the USA: current trends and future projections. Am J Hematol. 
2011;86(2):217-20. 
30. Pauley E, Orgel R, Rossi JS, Strassle PD. Age-Stratified National Trends in Pulmonary 
Embolism Admissions. Chest. 2019;156(4):733-42. 
31. Martin KA, Molsberry R, Cuttica MJ, Desai KR, Schimmel DR, Khan SS. Time Trends in 
Pulmonary Embolism Mortality Rates in the United States, 1999 to 2018. J Am Heart Assoc. 
2020;9(17):e016784. 
32. Raskob GE, Angchaisuksiri P, Blanco AN, Buller H, Gallus A, Hunt BJ, et al. Thrombosis: a 
major contributor to global disease burden. Thromb Res. 2014;134(5):931-8. 
33. Mahan CE, Borrego ME, Woersching AL, Federici R, Downey R, Tiongson J, et al. Venous 
thromboembolism: annualised United States models for total, hospital-acquired and preventable 
costs utilising long-term attack rates. Thromb Haemost. 2012;108(2):291-302. 
34. Barco S, Woersching AL, Spyropoulos AC, Piovella F, Mahan CE. European Union-28: An 
annualised cost-of-illness model for venous thromboembolism. Thromb Haemost. 
2016;115(4):800-8. 
35. Galanaud JP, Laroche JP, Righini M. The history and historical treatments of deep vein 
thrombosis. J Thromb Haemost. 2013;11(3):402-11. 
36. Bates SM, Jaeschke R, Stevens SM, Goodacre S, Wells PS, Stevenson MD, et al. Diagnosis of 
DVT: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):e351S-e418S. 
37. Hull R, Hirsh J, Sackett DL, Taylor DW, Carter C, Turpie AG, et al. Clinical validity of a 
negative venogram in patients with clinically suspected venous thrombosis. Circulation. 
1981;64(3):622-5. 
38. Hull R, Hirsh J, Sackett DL, Powers P, Turpie AG, Walker I. Combined use of leg scanning and 
impedance plethysmography in suspected venous thrombosis. An alternative to venography. N 
Engl J Med. 1977;296(26):1497-500. 



89 
 

39. Hull R, Hirsh J, Sackett DL, Taylor DW, Carter C, Turpie AG, et al. Replacement of 
venography in suspected venous thrombosis by impedance plethysmography and 125I-fibrinogen 
leg scanning: a less invasive approach. Ann Intern Med. 1981;94(1):12-5. 
40. Anderson DR, Lensing AW, Wells PS, Levine MN, Weitz JI, Hirsh J. Limitations of impedance 
plethysmography in the diagnosis of clinically suspected deep-vein thrombosis. Ann Intern Med. 
1993;118(1):25-30. 
41. Lensing AW, Prandoni P, Brandjes D, Huisman PM, Vigo M, Tomasella G, et al. Detection of 
deep-vein thrombosis by real-time B-mode ultrasonography. N Engl J Med. 1989;320(6):342-5. 
42. Schulman S, Ageno W, Konstantinides SV. Venous thromboembolism: Past, present and 
future. Thromb Haemost. 2017;117(7):1219-29. 
43. Bhatt M, Braun C, Patel P, Patel P, Begum H, Wiercioch W, et al. Diagnosis of deep vein 
thrombosis of the lower extremity: a systematic review and meta-analysis of test accuracy. Blood 
Adv. 2020;4(7):1250-64. 
44. Kraaijpoel N, Carrier M, Le Gal G, McInnes MDF, Salameh JP, McGrath TA, et al. Diagnostic 
accuracy of three ultrasonography strategies for deep vein thrombosis of the lower extremity: A 
systematic review and meta-analysis. PLoS One. 2020;15(2):e0228788. 
45. Cogo A, Lensing AW, Koopman MM, Piovella F, Siragusa S, Wells PS, et al. Compression 
ultrasonography for diagnostic management of patients with clinically suspected deep vein 
thrombosis: prospective cohort study. Bmj. 1998;316(7124):17-20. 
46. Wells PS, Anderson DR, Bormanis J, Guy F, Mitchell M, Gray L, et al. Value of assessment of 
pretest probability of deep-vein thrombosis in clinical management. Lancet. 1997;350(9094):1795-
8. 
47. Bates SM, Kearon C, Crowther M, Linkins L, O'Donnell M, Douketis J, et al. A diagnostic 
strategy involving a quantitative latex D-dimer assay reliably excludes deep venous thrombosis. 
Ann Intern Med. 2003;138(10):787-94. 
48. Parpia S, Takach Lapner S, Schutgens R, Elf J, Geersing GJ, Kearon C. Clinical Pre-Test 
Probability Adjusted vs. Age Adjusted D-dimer Interpretation Strategy For DVT Diagnosis: A 
Diagnostic Individual Patient Data Meta-Analysis. J Thromb Haemost. 2019. 
49. Linkins LA, Bates SM, Lang E, Kahn SR, Douketis JD, Julian J, et al. Selective D-dimer testing 
for diagnosis of a first suspected episode of deep venous thrombosis: a randomized trial. Ann 
Intern Med. 2013;158(2):93-100. 
50. Kiil J, Møller JC. Ultrasound and clinical diagnosis of deep vein thrombosis of the leg. Acta 
Radiol Diagn (Stockh). 1979;20(2):292-8. 
51. Wells PS, Anderson DR, Rodger M, Forgie M, Kearon C, Dreyer J, et al. Evaluation of D-
dimer in the diagnosis of suspected deep-vein thrombosis. N Engl J Med. 2003;349(13):1227-35. 
52. Kahn SR, Joseph L, Abenhaim L, Leclerc JR. Clinical prediction of deep vein thrombosis in 
patients with leg symptoms. Thromb Haemost. 1999;81(3):353-7. 
53. Constans J, Boutinet C, Salmi LR, Saby JC, Nelzy ML, Baudouin P, et al. Comparison of four 
clinical prediction scores for the diagnosis of lower limb deep venous thrombosis in outpatients. 
Am J Med. 2003;115(6):436-40. 
54. Subramaniam RM, Chou T, Heath R, Allen R. Importance of pretest probability score and D-
dimer assay before sonography for lower limb deep venous thrombosis. AJR Am J Roentgenol. 
2006;186(1):206-12. 
55. Dronkers CE, Tan M, Mol GC, Iglesias Del Sol A, van de Ree MA, Huisman MV, et al. 
Evaluation of the new simple and objective clinical decision rule "I-DVT" in patients with clinically 
suspected acute deep vein thrombosis. Thromb Res. 2016;141:112-8. 
56. Buller HR, Ten Cate-Hoek AJ, Hoes AW, Joore MA, Moons KG, Oudega R, et al. Safely ruling 
out deep venous thrombosis in primary care. Ann Intern Med. 2009;150(4):229-35. 
57. Constans J, Nelzy ML, Salmi LR, Skopinski S, Saby JC, Le Metayer P, et al. Clinical prediction 
of lower limb deep vein thrombosis in symptomatic hospitalized patients. Thromb Haemost. 
2001;86(4):985-90. 



90 
 

58. Oudega R, Moons KG, Hoes AW. Ruling out deep venous thrombosis in primary care. A 
simple diagnostic algorithm including D-dimer testing. Thromb Haemost. 2005;94(1):200-5. 
59. Goodacre S, Sutton AJ, Sampson FC. Meta-analysis: The value of clinical assessment in the 
diagnosis of deep venous thrombosis. Ann Intern Med. 2005;143(2):129-39. 
60. Wells PS, Owen C, Doucette S, Fergusson D, Tran H. Does this patient have deep vein 
thrombosis? Jama. 2006;295(2):199-207. 
61. Tan M, van Rooden CJ, Westerbeek RE, Huisman MV. Diagnostic management of clinically 
suspected acute deep vein thrombosis. Br J Haematol. 2009;146(4):347-60. 
62. Geersing GJ, Zuithoff NP, Kearon C, Anderson DR, Ten Cate-Hoek AJ, Elf JL, et al. Exclusion 
of deep vein thrombosis using the Wells rule in clinically important subgroups: individual patient 
data meta-analysis. Bmj. 2014;348:g1340. 
63. Adam SS, Key NS, Greenberg CS. D-dimer antigen: current concepts and future prospects. 
Blood. 2009;113(13):2878-87. 
64. Righini M, Perrier A, De Moerloose P, Bounameaux H. D-Dimer for venous 
thromboembolism diagnosis: 20 years later. J Thromb Haemost. 2008;6(7):1059-71. 
65. Weitz JI, Fredenburgh JC, Eikelboom JW. A Test in Context: D-Dimer. J Am Coll Cardiol. 
2017;70(19):2411-20. 
66. Rylatt DB, Blake AS, Cottis LE, Massingham DA, Fletcher WA, Masci PP, et al. An 
immunoassay for human D dimer using monoclonal antibodies. Thromb Res. 1983;31(6):767-78. 
67. Greenberg CS, Devine DV, McCrae KM. Measurement of plasma fibrin D-dimer levels with 
the use of a monoclonal antibody coupled to latex beads. Am J Clin Pathol. 1987;87(1):94-100. 
68. Amundsen EK, Skadberg Ø, Ghanima W, Fronas SG, Dahm AEA, Tøsdal MB, et al. D-dimer: 
Aldersjusterte beslutningsgrenser ved diagnostikk av venøs tromboembolisme? Klinisk Biokemi i 
Norden. 2018;30(1). 
69. Di Nisio M, Squizzato A, Rutjes AW, Buller HR, Zwinderman AH, Bossuyt PM. Diagnostic 
accuracy of D-dimer test for exclusion of venous thromboembolism: a systematic review. J Thromb 
Haemost. 2007;5(2):296-304. 
70. Longstaff C, Adcock D, Olson JD, Jennings I, Kitchen S, Mutch N, et al. Harmonisation of D-
dimer - A call for action. Thromb Res. 2016;137:219-20. 
71. Dempfle CE. Validation, calibration, and specificity of quantitative D-dimer assays. Semin 
Vasc Med. 2005;5(4):315-20. 
72. Oude Elferink RF, Loot AE, Van De Klashorst CG, Hulsebos-Huygen M, Piersma-Wichers M, 
Oudega R. Clinical evaluation of eight different D-dimer tests for the exclusion of deep venous 
thrombosis in primary care patients. Scand J Clin Lab Invest. 2015;75(3):230-8. 
73. Robert-Ebadi H, Righini M. D-dimer: Well beyond diagnosis! J Med Vasc. 2020;45(5):239-40. 
74. Lim W, Le Gal G, Bates SM, Righini M, Haramati LB, Lang E, et al. American Society of 
Hematology 2018 guidelines for management of venous thromboembolism: diagnosis of venous 
thromboembolism. Blood Adv. 2018;2(22):3226-56. 
75. National Institute for Health and Care Excellence: Clinical Guidelines.  Venous 
thromboembolic diseases: diagnosis, management and thrombophilia testing. London: National 
Institute for Health and Care Excellence (UK) Copyright (c) NICE 2020.; 2020. 
76. Mazzolai L, Aboyans V, Ageno W, Agnelli G, Alatri A, Bauersachs R, et al. Diagnosis and 
management of acute deep vein thrombosis: a joint consensus document from the European 
Society of Cardiology working groups of aorta and peripheral vascular diseases and pulmonary 
circulation and right ventricular function. Eur Heart J. 2018;39(47):4208-18. 
77. Bernardi E, Camporese G, Buller HR, Siragusa S, Imberti D, Berchio A, et al. Serial 2-point 
ultrasonography plus D-dimer vs whole-leg color-coded Doppler ultrasonography for diagnosing 
suspected symptomatic deep vein thrombosis: a randomized controlled trial. Jama. 
2008;300(14):1653-9. 
78. Bernardi E, Prandoni P, Lensing AW, Agnelli G, Guazzaloca G, Scannapieco G, et al. D-dimer 
testing as an adjunct to ultrasonography in patients with clinically suspected deep vein thrombosis: 



91 
 

prospective cohort study. The Multicentre Italian D-dimer Ultrasound Study Investigators Group. 
Bmj. 1998;317(7165):1037-40. 
79. Gibson NS, Schellong SM, Kheir DY, Beyer-Westendorf J, Gallus AS, McRae S, et al. Safety 
and sensitivity of two ultrasound strategies in patients with clinically suspected deep venous 
thrombosis: a prospective management study. J Thromb Haemost. 2009;7(12):2035-41. 
80. Subramaniam RM, Snyder B, Heath R, Tawse F, Sleigh J. Diagnosis of lower limb deep 
venous thrombosis in emergency department patients: performance of Hamilton and modified 
Wells scores. Ann Emerg Med. 2006;48(6):678-85. 
81. Douma RA, Tan M, Schutgens RE, Bates SM, Perrier A, Legnani C, et al. Using an age-
dependent D-dimer cut-off value increases the number of older patients in whom deep vein 
thrombosis can be safely excluded. Haematologica. 2012;97(10):1507-13. 
82. Nybo M, Hvas AM. Age-adjusted D-dimer cut-off in the diagnostic strategy for deep vein 
thrombosis: a systematic review. Scand J Clin Lab Invest. 2017;77(8):568-73. 
83. Riva N, Camporese G, Iotti M, Bucherini E, Righini M, Kamphuisen PW, et al. Age-adjusted 
D-dimer to rule out deep vein thrombosis: findings from the PALLADIO algorithm. J Thromb 
Haemost. 2018;16(2):271-8. 
84. Farm M, Siddiqui AJ, Onelöv L, Järnberg I, Eintrei J, Maskovic F, et al. Age-adjusted D-dimer 
cut-off leads to more efficient diagnosis of venous thromboembolism in the emergency 
department: a comparison of four assays. J Thromb Haemost. 2018;16(5):866-75. 
85. Parry BA, Chang AM, Schellong SM, House SL, Fermann GJ, Deadmon EK, et al. 
International, multicenter evaluation of a new D-dimer assay for the exclusion of venous 
thromboembolism using standard and age-adjusted cut-offs. Thromb Res. 2018;166:63-70. 
86. De Pooter N, Brionne-François M, Smahi M, Abecassis L, Toulon P. Age-Adjusted D-Dimer 
Cut-off Levels to Rule-out Venous Thromboembolism in Patients with Non-High Pre-Test 
Probability. Clinical Performance and Cost-Effectiveness Analysis. J Thromb Haemost. 2021. 
87. Schouten HJ, Geersing GJ, Koek HL, Zuithoff NP, Janssen KJ, Douma RA, et al. Diagnostic 
accuracy of conventional or age adjusted D-dimer cut-off values in older patients with suspected 
venous thromboembolism: systematic review and meta-analysis. Bmj. 2013;346:f2492. 
88. Takach Lapner S, Julian JA, Linkins LA, Bates SM, Kearon C. Questioning the use of an age-
adjusted D-dimer threshold to exclude venous thromboembolism: analysis of individual patient 
data from two diagnostic studies. J Thromb Haemost. 2016;14(10):1953-9. 
89. Xu K, de Wit K, Geersing GJ, Takada T, Schutgens R, Elf J, et al. A simplified decision rule to 
rule out deep vein thrombosis using clinical assessment and D-dimer. J Thromb Haemost. 2021. 
90. Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H, Goldhaber SZ, et al. 
Antithrombotic therapy for VTE disease: Antithrombotic Therapy and Prevention of Thrombosis, 
9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 
2012;141(2 Suppl):e419S-e96S. 
91. Ortel TL, Neumann I, Ageno W, Beyth R, Clark NP, Cuker A, et al. American Society of 
Hematology 2020 guidelines for management of venous thromboembolism: treatment of deep 
vein thrombosis and pulmonary embolism. Blood Adv. 2020;4(19):4693-738. 
92. Copeland CE, Six CK. A tale of two anticoagulants: warfarin and heparin. J Surg Educ. 
2009;66(3):176-81. 
93. Torri G, Naggi A. Heparin centenary - an ever-young life-saving drug. Int J Cardiol. 2016;212 
Suppl 1:S1-4. 
94. Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, Eriksson H, et al. Dabigatran 
versus warfarin in the treatment of acute venous thromboembolism. N Engl J Med. 
2009;361(24):2342-52. 
95. Bauersachs R, Berkowitz SD, Brenner B, Buller HR, Decousus H, Gallus AS, et al. Oral 
rivaroxaban for symptomatic venous thromboembolism. N Engl J Med. 2010;363(26):2499-510. 
96. Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, et al. Oral apixaban for the 
treatment of acute venous thromboembolism. N Engl J Med. 2013;369(9):799-808. 



92 
 

97. Buller HR, Decousus H, Grosso MA, Mercuri M, Middeldorp S, Prins MH, et al. Edoxaban 
versus warfarin for the treatment of symptomatic venous thromboembolism. N Engl J Med. 
2013;369(15):1406-15. 
98. van Es N, Coppens M, Schulman S, Middeldorp S, Büller HR. Direct oral anticoagulants 
compared with vitamin K antagonists for acute venous thromboembolism: evidence from phase 3 
trials. Blood. 2014;124(12):1968-75. 
99. Lyman GH, Carrier M, Ay C, Di Nisio M, Hicks LK, Khorana AA, et al. American Society of 
Hematology 2021 guidelines for management of venous thromboembolism: prevention and 
treatment in patients with cancer. Blood Adv. 2021;5(4):927-74. 
100. Go MR, Kiser D, Wald P, Haurani MJ, Moseley M, Satiani B. Clinical evaluation of suspected 
deep vein thrombosis guides the decision to anticoagulate prophylactically but does not impact the 
decision to perform after hours duplex venous scanning or increase its yield. J Vasc Surg. 
2013;57(6):1597-602. 
101. Chaer RA, Myers J, Pirt D, Pacella C, Yealy DM, Makaroun MS, et al. The impact of a 
systemwide policy for emergent off-hours venous duplex ultrasound studies. Ann Vasc Surg. 
2010;24(3):388-92. 
102. Imberti D, Ageno W, Dentali F, Giorgi Pierfranceschi M, Croci E, Garcia D. Management of 
primary care patients with suspected deep vein thrombosis: use of a therapeutic dose of low-
molecular-weight heparin to avoid urgent ultrasonographic evaluation. J Thromb Haemost. 
2006;4(5):1037-41. 
103. Siragusa S, Anastasio R, Porta C, Falaschi F, Pirrelli S, Palmieri P, et al. Deferment of 
objective assessment of deep vein thrombosis and pulmonary embolism without increased risk of 
thrombosis: a practical approach based on the pretest clinical model, D-dimer testing, and the use 
of low-molecular-weight heparins. Arch Intern Med. 2004;164(22):2477-82. 
104. Langan EM, 3rd, Coffey CB, Taylor SM, Snyder BA, Sullivan TM, Cull DL, et al. The impact of 
the development of a program to reduce urgent (off-hours) venous duplex ultrasound scan studies. 
J Vasc Surg. 2002;36(1):132-6. 
105. Anderson DR, Wells PS, Stiell I, MacLeod B, Simms M, Gray L, et al. Thrombosis in the 
emergency department: use of a clinical diagnosis model to safely avoid the need for urgent 
radiological investigation. Arch Intern Med. 1999;159(5):477-82. 
106. Bauld DL, Kovacs MJ. Dalteparin in emergency patients to prevent admission prior to 
investigation for venous thromboembolism. Am J Emerg Med. 1999;17(1):11-5. 
107. Stephen MS, Castellucci LA, Carrier M, Duffett L, Le Gal G, Rodger M, et al. Safety of using 
direct oral anticoagulants in the diagnostic workup of outpatients with suspicion of acute venous 
thromboembolism. Haematologica. 2019. 
108. Haas S, Ageno W, Weitz JI, Goldhaber SZ, Turpie AGG, Goto S, et al. Anticoagulation 
therapy patterns for acute treatment of venous thromboembolism in GARFIELD-VTE patients. J 
Thromb Haemost. 2019;17(10):1694-706. 
109. Huisman MV, Klok FA. Diagnostic management of acute deep vein thrombosis and 
pulmonary embolism. J Thromb Haemost. 2013;11(3):412-22. 
110. Barco S, Konstantinides S, Huisman MV, Klok FA. Diagnosis of recurrent venous 
thromboembolism. Thromb Res. 2018;163:229-35. 
111. Garcia D, Libby E, Crowther MA. The new oral anticoagulants. Blood. 2010;115(1):15-20. 
112. Schulman S, Kearon C. Definition of major bleeding in clinical investigations of 
antihemostatic medicinal products in non-surgical patients. J Thromb Haemost. 2005;3(4):692-4. 
113. Kaatz S, Ahmad D, Spyropoulos AC, Schulman S. Definition of clinically relevant non-major 
bleeding in studies of anticoagulants in atrial fibrillation and venous thromboembolic disease in 
non-surgical patients: communication from the SSC of the ISTH. J Thromb Haemost. 
2015;13(11):2119-26. 
114. McCracken CE, Looney SW. On Finding the Upper Confidence Limit for a Binomial 
Proportion when Zero Successes are Observed. J Biom Biostat. 2017;8(338). 



93 
 

115. Ghanima W, Almaas V, Aballi S, Dorje C, Nielssen BE, Holmen LO, et al. Management of 
suspected pulmonary embolism (PE) by D-dimer and multi-slice computed tomography in 
outpatients: an outcome study. J Thromb Haemost. 2005;3(9):1926-32. 
116. Rothman KR, Greenland S, Lash T. Modern Epidemiology. 3rd ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2008. 
117. Sibbald B, Roland M. Understanding controlled trials. Why are randomised controlled trials 
important? Bmj. 1998;316(7126):201. 
118. Silverman SL. From randomized controlled trials to observational studies. Am J Med. 
2009;122(2):114-20. 
119. Schumi J, Wittes JT. Through the looking glass: understanding non-inferiority. Trials. 
2011;12:106. 
120. Laake P, Hjartåker A, Thelle DS, Veierød MB. Epidemiologiske og kliniske 
forskningsmetoder. 1. ed. Oslo: Gyldendal Akademisk; 2007. 
121. Kahan BC, Rehal S, Cro S. Risk of selection bias in randomised trials. Trials. 2015;16:405. 
122. Rodger MA, Miranda S, Delluc A, Carrier M. Management of suspected and confirmed 
recurrent venous thrombosis while on anticoagulant therapy. What next? Thromb Res. 
2019;180:105-9. 
123. Couturaud F, Kearon C, Bates SM, Ginsberg JS. Decrease in sensitivity of D-dimer for acute 
venous thromboembolism after starting anticoagulant therapy. Blood Coagul Fibrinolysis. 
2002;13(3):241-6. 
124. Fronas SG, Wik HS, Dahm AEA, Jorgensen CT, Gleditsch J, Raouf N, et al. Safety of D-dimer 
testing as a stand-alone test for the exclusion of deep vein thrombosis as compared with other 
strategies. J Thromb Haemost. 2018;16(12):2471-81. 
125. Bates SM, Takach Lapner S, Douketis JD, Kearon C, Julian J, Parpia S, et al. Rapid 
quantitative D-dimer to exclude pulmonary embolism: a prospective cohort management study. J 
Thromb Haemost. 2016;14(3):504-9. 
126. Rathbun SW, Whitsett TL, Raskob GE. Exclusion of first-episode deep-vein thrombosis after-
hours using D-dimer. Blood Coagul Fibrinolysis. 2007;18(8):795-800. 
127. Rathbun SW, Whitsett TL, Raskob GE. Negative D-dimer result to exclude recurrent deep 
venous thrombosis: a management trial. Ann Intern Med. 2004;141(11):839-45. 
128. Perrier A, Desmarais S, Miron MJ, de Moerloose P, Lepage R, Slosman D, et al. Non-invasive 
diagnosis of venous thromboembolism in outpatients. Lancet. 1999;353(9148):190-5. 
129. Siragusa S, Terulla V, Pirrelli S, Porta C, Falaschi F, Anastasio R, et al. A rapid D-dimer assay 
in patients presenting at the emergency room with suspected acute venous thrombosis: accuracy 
and relation to clinical variables. Haematologica. 2001;86(8):856-61. 
130. Le Blanche AF, Siguret V, Settegrana C, Bohus S, Le Masne de Chermont E, Andreux JP, et al. 
Ruling out acute deep vein thrombosis by ELISA plasma D-dimer assay versus ultrasound in 
inpatients more than 70 years old. Angiology. 1999;50(11):873-82. 
131. Douma RA, Kessels JB, Buller HR, Gerdes VE. Knowledge of the D-dimer test result 
influences clinical probability assessment of pulmonary embolism. Thromb Res. 2010;126(4):e271-
5. 
132. Klok FA, Huisman MV. Management of incidental pulmonary embolism. Eur Respir J. 
2017;49(6). 
133. Wells PS, Ihaddadene R, Reilly A, Forgie MA. Diagnosis of Venous Thromboembolism: 20 
Years of Progress. Ann Intern Med. 2018;168(2):131-40. 
134. Fancher TL, White RH, Kravitz RL. Combined use of rapid D-dimer testing and estimation of 
clinical probability in the diagnosis of deep vein thrombosis: systematic review. Bmj. 
2004;329(7470):821. 
135. Stein PD, Hull RD, Patel KC, Olson RE, Ghali WA, Brant R, et al. D-dimer for the exclusion of 
acute venous thrombosis and pulmonary embolism: a systematic review. Ann Intern Med. 
2004;140(8):589-602. 



94 
 

136. Dronkers CEA, Ende-Verhaar YM, Kyrle PA, Righini M, Cannegieter SC, Huisman MV, et al. 
Disease prevalence dependent failure rate in diagnostic management studies on suspected deep 
vein thrombosis: communication from the SSC of the ISTH. J Thromb Haemost. 2017;15(11):2270-3. 
137. Kearon C, Ginsberg JS, Douketis J, Crowther M, Brill-Edwards P, Weitz JI, et al. Management 
of suspected deep venous thrombosis in outpatients by using clinical assessment and D-dimer 
testing. Ann Intern Med. 2001;135(2):108-11. 
138. Brotman DJ, Segal JB, Jani JT, Petty BG, Kickler TS. Limitations of D-dimer testing in 
unselected inpatients with suspected venous thromboembolism. Am J Med. 2003;114(4):276-82. 
139. Eichinger S. D-dimer testing in pregnancy. Semin Vasc Med. 2005;5(4):375-8. 
140. Needleman L, Cronan JJ, Lilly MP, Merli GJ, Adhikari S, Hertzberg BS, et al. Ultrasound for 
Lower Extremity Deep Venous Thrombosis: Multidisciplinary Recommendations From the Society 
of Radiologists in Ultrasound Consensus Conference. Circulation. 2018;137(14):1505-15. 
141. Jacoby J, Cesta M, Axelband J, Melanson S, Heller M, Reed J. Can emergency medicine 
residents detect acute deep venous thrombosis with a limited, two-site ultrasound examination? J 
Emerg Med. 2007;32(2):197-200. 
142. Pomero F, Dentali F, Borretta V, Bonzini M, Melchio R, Douketis JD, et al. Accuracy of 
emergency physician-performed ultrasonography in the diagnosis of deep-vein thrombosis: a 
systematic review and meta-analysis. Thromb Haemost. 2013;109(1):137-45. 
143. Elias A, Mallard L, Elias M, Alquier C, Guidolin F, Gauthier B, et al. A single complete 
ultrasound investigation of the venous network for the diagnostic management of patients with a 
clinically suspected first episode of deep venous thrombosis of the lower limbs. Thromb Haemost. 
2003;89(2):221-7. 
144. Righini M, Galanaud JP, Guenneguez H, Brisot D, Diard A, Faisse P, et al. Anticoagulant 
therapy for symptomatic calf deep vein thrombosis (CACTUS): a randomised, double-blind, 
placebo-controlled trial. Lancet Haematol. 2016;3(12):e556-e62. 
145. Cushman M, Tsai AW, White RH, Heckbert SR, Rosamond WD, Enright P, et al. Deep vein 
thrombosis and pulmonary embolism in two cohorts: the longitudinal investigation of 
thromboembolism etiology. Am J Med. 2004;117(1):19-25. 
146. Takach Lapner S, Julian JA, Linkins LA, Bates S, Kearon C. Comparison of clinical probability-
adjusted D-dimer and age-adjusted D-dimer interpretation to exclude venous thromboembolism. 
Thromb Haemost. 2017;117(10):1937-43. 
147. Kristoffersen AH, Ajzner E, Bauca JM, Carraro P, Faria AP, Hillarp A, et al. Pre- and post-test 
probabilities of venous thromboembolism and diagnostic accuracy of D-dimer, estimated by 
European clinicians working in emergency departments. Thromb Res. 2017;159:19-23. 
148. Kristoffersen AH, Ajzner E, Rogic D, Sozmen EY, Carraro P, Faria AP, et al. Is D-dimer used 
according to clinical algorithms in the diagnostic work-up of patients with suspicion of venous 
thromboembolism? A study in six European countries. Thromb Res. 2016;142:1-7. 
149. van der Hulle T, Dronkers CE, Huisman MV, Klok FA. Current standings in diagnostic 
management of acute venous thromboembolism: Still rough around the edges. Blood Rev. 
2016;30(1):21-6. 
150. Schellong SM, Gerlach H, Hach-Wunderle V, Rabe E, Riess H, Carnarius H, et al. Diagnosis of 
deep-vein thrombosis: adherence to guidelines and outcomes in real-world health care. Thromb 
Haemost. 2009;102(6):1234-40. 
151. Smith C, Mensah A, Mal S, Worster A. Is pretest probability assessment on emergency 
department patients with suspected venous thromboembolism documented before SimpliRED D-
dimer testing? Cjem. 2008;10(6):519-23. 
152. Ageno W, Haas S, Weitz JI, Goldhaber SZ, Turpie AGG, Goto S, et al. Characteristics and 
Management of Patients with Venous Thromboembolism: The GARFIELD-VTE Registry. Thromb 
Haemost. 2019;119(2):319-27. 
153. Zarabi S, Chan TM, Mercuri M, Kearon C, Turcotte M, Grusko E, et al. Physician choices in 
pulmonary embolism testing. Cmaj. 2021;193(2):E38-e46. 



95 
 

154. Arnaoutakis GJ, Pirrucello J, Brooke BS, Reifsnyder T. Venous duplex scanning for suspected 
deep vein thrombosis: results before and after elimination of after-hours studies. Vasc 
Endovascular Surg. 2010;44(5):329-33. 
155. Rodger M, Langlois N, Middeldorp S, Kahn S, Sandset PM, Brighton T, et al. Initial strides for 
invent-VTE: Towards global collaboration to accelerate clinical research in venous 
thromboembolism. Thromb Res. 2018;163:128-31. 
156. Reilly BM, Evans AT. Translating clinical research into clinical practice: impact of using 
prediction rules to make decisions. Ann Intern Med. 2006;144(3):201-9. 
157. Willan J, Katz H, Keeling D. The use of artificial neural network analysis can improve the 
risk-stratification of patients presenting with suspected deep vein thrombosis. Br J Haematol. 
2019;185(2):289-96. 
158. Wells P. Predictive analytics by deep machine learning: A call for next-gen tools to improve 
health care. Res Pract Thromb Haemost. 2020;4(2):181-2. 

 
  



96 
 

  



97 
 

10. Papers I-III 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





I
 





ORIGINAL ARTICLE

Safety of D-dimer testing as a stand-alone test for the
exclusion of deep vein thrombosis as compared with other
strategies

S . G . FRONAS ,*† H. S . WIK ,‡ A. E . A . DAHM,†§ C. T . JØRGENSEN ,* J . GLED ITSCH, ¶
N. RAOUF ,* F . A . KLOK** and W. GHANIMA*†
*Department of Internal Medicine, Østfold Hospital Trust, Gr�alum; †Institute of Clinical Medicine, University of Oslo, Oslo; ‡Department of

Hematology, Oslo University Hospital, Oslo; §Department of Hematology, Akershus University Hospital, Lørenskog; ¶Department of

Radiology, Østfold Hospital Trust, Gr�alum, Norway; and **Department of Thrombosis and Hemostasis, Leiden University Medical Center,

Leiden, the Netherlands

To cite this article: Fronas SG, Wik HS, Dahm A, Jørgensen CT, Gleditsch J, Raouf N, Klok FA, Ghanima W. Safety of D-dimer testing

as a stand-alone test for the exclusion of deep vein thrombosis as compared with other strategies. J Thromb Haemost 2018; 16:

2471–81.

Essentials

• The aim of deep vein thrombosis (DVT) diagnostic

work-up is to maximize both safety and efficiency.

• We explored whether D-dimer is safe and efficient as a

stand-alone test to exclude DVT.

• Our findings suggest it is a safe, efficient and simplified

diagnostic strategy.

• The safety of age-adjusted D-dimer as a stand-alone test

requires further investigation.

Summary. Background: Several strategies for safely

excluding deep vein thrombosis (DVT) while limiting the

number of imaging tests have been explored. Objectives:

To determine whether D-dimer testing could safely and

efficiently exclude DVT as a stand-alone test, and evalu-

ate its performance as compared with strategies that

incorporate the Wells score and age-adjusted D-dimer.

Patients/Methods: We included consecutive outpatients

referred with suspected DVT to the Emergency Depart-

ment at Østfold Hospital, Norway. STA-Liatest D-Di

PLUS D-dimer was analyzed for all patients. Patients

with a D-dimer level of ≥ 0.5 lg mL�1 were referred for

compression ultrasonography (CUS). In patients with a

D-dimer level of < 0.5 lg mL�1, no further testing was

performed and anticoagulation was withheld. Patients

were followed for 3 months for venous thromboembolism

(VTE). Results: Of the 913 included patients, 298 (33%)

had a negative D-dimer result. One hundred and seventy-

three patients (18.9%) were diagnosed with DVT at

baseline. One of 298 patients had DVT despite having a

negative D-dimer result, resulting in a failure rate of

0.3% (95% confidence interval [CI] 0.1–1.9%). Adding

the modified Wells score would have yielded a failure rate

of 0.0% (95% CI 0.0–1.8%) while necessitating 87 more

CUS examinations. Age-adjusted D-dimer as a stand-

alone test would have necessitated 80 fewer CUS exami-

nations than fixed D-dimer as a stand-alone test, at the

cost of a failure rate of 1.6% (95% CI 0.7–3.4%). Con-

clusions: This outcome study shows that a negative

high-sensitivity D-dimer result safely excludes DVT in an

outpatient population, and necessitates fewer CUS than if

used in combination with Wells score. The safety of

stand-alone age-adjusted D-dimer needs further assess-

ment in prospective outcome studies.

Keywords: D-dimer; deep vein thrombosis; diagnosis;

sensitivity and specificity; venous thromboembolism.

Introduction

Clinical pretest probability evaluation and D-dimer test-

ing have long been the standard initial steps of deep vein

thrombosis (DVT) diagnostic work-up [1]. Assessing pret-

est probability with the support of clinical prediction

rules is recommended to guide further testing and to min-

imize the risk of false-negative D-dimer results among

patients with a high pretest probability of having DVT.

The most extensively used and validated clinical predic-

tion rule is the Wells score [2–7]. Originally consisting of
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nine items, it utilizes elements from patient medical his-

tory and physical examination to add or deduct points in

order to produce a total score of DVT likelihood [2,3],

whereby patients are stratified into low-risk (≤ 0 points),

moderate-risk (1–2 points) and high-risk (≥ 3 points)

groups (Table 1). High-risk patients are referred for diag-

nostic compression ultrasonography (CUS) without D-

dimer testing, whereas the remaining patients are referred

only in the case of a positive D-dimer result. In a later,

modified version of the Wells score, another clinical item

was added, yielding 1 point for previously documented

DVT [4], and dichotomizing groups into ‘DVT unlikely’

(< 2 points) and ‘DVT likely’ (≥ 2 points), whereby the

‘DVT likely’ group is referred for CUS without D-dimer

testing (Table 2).

Despite its extensive validation and wide use in the cur-

rent diagnostic work-up of DVT, the Wells score has a

few limitations. First, it introduces subjectivity into the

judgement of whether a competing diagnosis is more

likely than DVT [8], and it may be less precise in certain

subgroups, such as in older or primary-care patients [5,9].

Interobserver variability has not been extensively evalu-

ated [1]. Moreover, D-dimer testing often forms part of a

standard package of laboratory tests performed in

patients with suspected DVT, and the results may be ana-

lyzed before the Wells score in clinically well and low-

triaged patients with suspected DVT in a busy setting in

the emergency department. The lack of adherence to clini-

cal prediction rules in daily practice has been addressed

in other studies [10,11]. Finally, the differing prevalences

of DVT in various studied populations [4,12–14], perhaps
owing to the lower diagnostic threshold seen in recent

times [15], may further affect the utility of clinical predic-

tion rules, such as the Wells score.

The other main component of DVT diagnostic work-

up is D-dimer testing. Its main advantages include wide

availability, a high negative predictive value, and sensitiv-

ity for venous thromboembolism (VTE) (97–100% and

93–100% for high-sensitivity assays, respectively) [16–19].
One disadvantage is the relatively low specificity in cer-

tain clinical subgroups, such as older patients [20,21].

Age-adjusted D-dimer thresholds have been proposed to

account for the effect of age on average D-dimer levels

[22]. Some studies have reported higher specificity for the

diagnosis of DVT when age-adjusted D-dimer is

employed, without safety being compromised [23,24].

An approach to the diagnostic work-up of DVT that

relies on a stand-alone D-dimer test, omitting clinical pre-

diction rules, may be preferable because of its simplicity

and ease of standardization, provided that it does not

compromise safety.

This management outcome study was aimed at assess-

ing the safety and efficiency of applying fixed D-dimer as

a stand-alone test to exclude DVT in an outpatient popu-

lation. We also conducted post hoc analyses to evaluate

and compare the diagnostic performance of fixed and

age-adjusted D-dimer thresholds, with and without the

Wells score, to find the optimal diagnostic strategy.

Materials and methods

Study population

Outpatients referred to the emergency department of Øst-

fold Hospital, Norway are, at the time of writing, being eval-

uated for enrollment in the Ri-Schedule study (Rivaroxaban

Table 1 The Wells clinical model for predicting the pretest probability

of deep vein thrombosis

Clinical feature Score

Active cancer (treatment ongoing or within t

he previous 6 months or palliative)

1

Paralysis, paresis or recent plaster

immobilization of the lower extremities

1

Recently bedridden for > 3 days or

major surgery, within 4 weeks

1

Localized tenderness along the

distribution of the deep venous system

1

Entire leg swollen 1

Calf swelling by > 3 cm when compared

with the asymptomatic leg (measured

10 cm below tibial tuberosity)

1

Pitting edema (greater in the symptomatic leg) 1

Collateral superficial veins (non-varicose) 1

Alternative diagnosis as likely or

greater than that of deep vein thrombosis

� 2

In patients with symptoms in both legs, the more symptomatic leg is

used.

Table 2 The modified Wells clinical model for predicting the pretest

probability of deep vein thrombosis

Clinical feature Score

Active cancer (treatment ongoing or within

the previous 6 months or palliative)

1

Paralysis, paresis or recent plaster

immobilization of the lower extremities

1

Recently bedridden for > 3 days or

major surgery, within 12 weeks

1

Localized tenderness along the

distribution of the deep venous system

1

Entire leg swollen 1

Calf swelling at least 3 cm larger than

that on the asymptomatic side

(measured 10 cm below tibial tuberosity)

1

Pitting edema (greater in the symptomatic leg) 1

Collateral superficial veins (non-varicose) 1

Previously documented deep vein thrombosis 1

Alternative diagnosis at least as

ikely as deep vein thrombosis

� 2

A score of ≥ 2 indicates that the probability of deep vein thrombosis

is likely; a score of < 2 indicates that the probability of deep vein

thrombosis is unlikely. In patients with symptoms in both legs, the

more symptomatic leg is used.
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for scheduled work-up of DVT; NCT02486445). It is a sin-

gle-center prospective outcome study recruiting outpatients

with suspected DVT referred from general practitioners to

the emergency department. The main goal of the study was

to assess the safety of rivaroxaban, administered according

to predefined criteria, in the prediagnosis phase of DVT.

Among its other aims was the evaluation of D-dimer as a

stand-alone test for DVT. This substudy was conducted

when approximately half of the patients had been enrolled.

The inclusion criteria of the Ri-Schedule study are age

≥ 18 years and referral for first or recurrent clinically sus-

pected lower-extremity DVT. Exclusion criteria are previ-

ous inclusion in the Ri-Schedule study within the past

3 months, or inability or unwillingness to provide written

consent. Furthermore, patients with expected survival of

< 3 months are excluded from the analysis of VTE devel-

oping within 3 months.

Additional criteria for eligibility for management with

rivaroxaban (maximum of two tablets within 24 h) in the

Ri-Schedule study are absence of active cancer, current

pregnancy or nursing, or suspicion of active bleeding.

However, all patients, whether eligible for treatment with

rivaroxaban or not, are managed according to the

D-dimer strategy described in this article.

In summary, this substudy consisted of all patients

included in the Ri-Schedule study until August 2017,

including those who received rivoraxaban while awaiting

CUS and those who did not.

Study design

The study was designed as a prospective evaluation of one

diagnostic strategy (fixed D-dimer as a stand-alone test),

with which five additional strategies were compared retro-

spectively. These five, summarized in Fig. 1, included: fixed

D-dimer combined with the original, three-category Wells

score [3]; fixed D-dimer combined with the modified,

two-category Wells score [4]; age-adjusted D-dimer as a

stand-alone test; age-adjusted D-dimer combined with the

original, three-category Wells score; and age-adjusted D-

dimer combined with the modified, two-category Wells

score.

The Ri-Schedule study was approved by the Regional

Committee for Medical and Health Research Ethics, ref-

erence number 2014/377. The researchers adhered to the

Declaration of Helsinki on Ethical Principles for Medical

Research Involving Human Subjects.

Diagnostic procedure

All included patients were evaluated according to the

Wells clinical score before the D-dimer results were avail-

able. According to the study protocol, the score was

obtained for later use in the post hoc analyses of diagnos-

tic performance of the different strategies. The study per-

sonnel were instructed to not use it to guide initial

management. D-dimer was analyzed with the immunotur-

bidometric method of STA-Liatest D-Di Plus (Stago

Diagnostics, Asnieres, France). A positive fixed D-dimer

result was defined as a level of ≥ 0.5 lg mL�1. Patients

with a D-dimer level of < 0.5 lg mL�1 were considered

not to have DVT regardless of Wells score, and remained

untreated with no further diagnostic tests at baseline. For

age-adjusted D-dimer, we used a positivity threshold of

≥ age 9 0.01 lg mL�1 for patients aged ≥ 50 years [22].

For younger patients, we used a positivity threshold of

≥ 0.5 lg mL�1.

Patients with positive D-dimer results were referred for

whole-leg CUS. All veins were assessed for compressibil-

ity. The iliac vein, the femoral veins and the popliteal vein

were scanned continuously along their entire length with

a linear probe (5–10 MHz) with the patient in a supine

position. Axial calf veins were normally scanned with the

patient seated. In selected cases, scanning in a prone or

standing position was performed. The preferred criterion

for DVT was incompressibility [1]. If this was not possi-

ble, a gray-scale visualization of the thrombus was

accepted. The diagnostic criterion for recurrent DVT was

non-compressibility of a venous segment that was previ-

ously fully recanalized or that was not initially involved

according to the reference CUS.

All patients considered to be DVT-negative according

to either negative D-dimer or CUS results were dis-

charged and followed up at 3 months to determine the

occurrence of VTE. Patients were advised to seek medical

attention if symptoms progressed or persisted, or if they

developed other symptoms of DVT or pulmonary embo-

lism. At the end of the follow-up period, all patients

received a telephone call from study personnel to estab-

lish whether they had been diagnosed with VTE or had

been started on anticoagulation for any reason. Patients

in whom anticoagulation had been initiated for reasons

other than VTE within the 3-month follow-up period

were excluded from analyses. Patients with suspected con-

current pulmonary embolism at baseline were managed

according to hospital guidelines instead of according to

the trial protocol.

Post hoc analyses of different diagnostic strategies

As these analyses were performed after the study had

ended, we used the criteria that would have led to a refer-

ral for CUS in each strategy, as illustrated in Fig. 1. If

we had used D-dimer testing in combination with the

original, three-category Wells score, all patients with a

D-dimer level of ≥ 0.5 lg mL�1 or defined as a high-risk

category patient with a Wells score of ≥ 3 points would

have been referred for CUS. When D-dimer testing was

used in combination with the modified, two-category

Wells score, all patients with a D-dimer level of

≥ 0.5 lg mL�1 or defined as a ‘DVT likely’ category

patient according to a Wells score of ≥ 2 would have been
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referred for CUS. Age-adjusted D-dimer as a stand-alone

test would have resulted in patients being referred for

CUS with a D-dimer of ≥ age 9 0.01 lg mL�1 for

patients aged ≥ 50 years or ≥ 0.5 lg mL�1 for younger

patients.

As for strategies 4 and 5, patients would have been

referred for CUS if they had at least a positive age-

adjusted D-dimer or Wells scores of ≥ 3 or ≥ 2 for the

original and modified Wells scores, respectively.

If the patient did not meet the criteria for CUS as

defined by each strategy, we considered that they would

not have been referred for CUS, and would have

remained without further diagnostic testing or anticoagu-

lation at baseline.

Outcomes

The primary outcome was the failure rate of the primary

diagnostic strategy, defined as the proportion of patients

either diagnosed with symptomatic VTE or deceased, pos-

sibly because of VTE, within 3 months among patients in

whom DVT had been ruled out because of a negative D-

dimer result and who were left untreated (number of

patients diagnosed with VTE at baseline or at 3-month

follow-up with a negative D-dimer result/all patients with

a negative D-dimer result). Efficiency was expressed as

the proportion of patients requiring CUS because of a

positive D-dimer result (number of patients with a posi-

tive D-dimer result/all included patients).

The secondary outcomes were the failure rate, propor-

tion of required CUS examinations and diagnostic perfor-

mance of the five additional strategies as compared with

the primary strategy. Failure rate was defined as the pro-

portion of patients who did not meet the criteria for

undergoing CUS as defined by each strategy (i.e. consid-

ered to be DVT-negative), but who were nevertheless

diagnosed with VTE either at baseline or during the 3-

month follow-up period. The proportion of required CUS

examinations was considered to be the proportion of all

patients fulfilling the criteria for undergoing CUS accord-

ing to each strategy. Diagnostic performance was

expressed as sensitivity, specificity, negative predictive

value, and positive predictive value.

Statistical analysis

The analyses were not planned for in the original proto-

col of the Ri-Schedule study, but it was later decided to

conduct them when 50% of the patients had been

enrolled to evaluate the safety and feasibility of age-

adjusted D-dimer as a stand-alone test for the rest of the

patients in the study. On the basis of previous studies,

negative D-dimer results were expected in 23–35% of

patients [25], yielding an estimate of 300 patients in

whom DVT was ruled out on the basis of a negative

D-dimer result.

A post hoc power calculation showed that a sample size

of 306 patients would be needed to detect an incidence

D-dimer ≥0.5

Wells score ≥
µg mL–1 or

1 2 3 4 5

3

D-dimer ≥ 0.5

D-dimer ≥ age
D-dimer ≥age

≥ 3

Age-adjusted

Ultrasonography

DVT and
anti

coagulation

3-month follow-up

No DVT and
no anti

coagulation

Age-adjusted

Wells score ≥
µg mL–1 or

or Wells score
2

× 0.01 µg mL–1*

× 0.01 µg mL–1*

D-dimer ≥age

≥ 2

Age-adjusted

or Wells score
× 0.01 µg mL–1*

Fig. 1. Diagnostic work-up of deep vein thrombosis (DVT) according to strategies applied in post hoc analyses. *If age ≥50, otherwise D-dimer

≥0.5 lg mL�1
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rate of < 2% with a power of 80% at a 5% significance

level.

The failure rates of the different diagnostic strategies

with 95% confidence intervals (CIs) were compared with

the failure rate of fixed D-dimer as a stand-alone test with

a 95% CI. The proportion of CUS examinations yielded

by each diagnostic strategy was compared with that of

D-dimer as a stand-alone test, all according to absolute

differences and with corresponding 95% CIs.

The diagnostic performances of the six strategies were

expressed as sensitivity, specificity, positive predictive

value and negative predictive value with their respective

95% CIs. Percentages and degree of overlapping of CIs

were used to compare strategies.

Diagnostic properties were calculated with OPENEPI sta-

tistical software, Version 3.01 (OpenEpi, Atlanta, GA,

USA), and Wilson method was used for calculation of

binomial 95% CIs.

Results

General findings

The demographic characteristics of the patients are out-

lined in Table 3.

Of the 1338 patients screened for participation, 973

were found to be eligible, provided written consent, and

were included (Fig. 2). Of these, 60 patients received anti-

coagulation for reasons other than VTE between

inclusion and the 3-month follow-up, and were excluded

from further analyses, resulting in a total of 913 patients

in the final analysis. Fourteen patients were enrolled in

the study twice.

Six hundred and fifteen patients (67%, 95% CI 64.3–
70.3%) had positive fixed D-dimer results, whereas 298

patients (33%, 95% CI 29.7–35.8%) had negative

D-dimer results (Fig. 3). The proportion of patients

with positive fixed D-dimer results and a ‘DVT likely’

pretest probability was 40% (364 patients). The propor-

tion of patients with positive age-adjusted D-dimer

results and a ‘Wells likely’ pretest probability was 36%

(327 patients).

Thirty-six patients were referred for CUS despite hav-

ing a negative D-dimer result, of whom one was diag-

nosed with DVT. The reasons for undergoing CUS

despite a negative D-dimer result are summarized in

Fig. 3. One hundred and seventy-three patients (18.9%,

95% CI 16.5–21.6%) were diagnosed with DVT at base-

line. One hundred and twenty-nine DVTs (75%) were

proximal and 44 (25%) were distal.

Study performance and 3-month outcome of D-dimer as a

stand-alone test

There were no losses to follow-up or deaths in this group.

Table 4 shows the diagnostic performance of the test.

One of 298 patients with negative D-dimer results was

diagnosed with DVT at baseline. This was one of the 36

patients who underwent CUS at baseline despite a nega-

tive D-dimer result. She was in her early fifties and had a

2-day history of calf swelling and pain. Her only estab-

lished risk factor for DVT was medication with medrox-

yprogesterone (Depo-Provera), the indication for which

was not documented in hospital records. Clinical exami-

nation gave normal findings, except for unilateral pitting

edema and tenderness along the deep venous system,

resulting in a Wells score of 2. She was referred for CUS

despite a negative D-dimer result, because of severe pain.

CUS revealed incompressibility immediately distal to the

bifurcature of the popliteal vein, indicative of a 1–2-cm-

long thrombus.

No patients with negative D-dimer results were diag-

nosed with VTE during the 3-month follow-up.

One of 298 patients with negative D-dimer results who

were analyzed had DVT at the 3-month follow-up, yield-

ing a failure rate of 0.3% (95% CI 0.1–1.9%).

Study performance and 3-month outcomes of the various

strategies

Patient outcomes and the diagnostic performances of all of

the diagnostic strategies are outlined in Table 4. Addition

of the modified Wells score to the fixed D-dimer strategy

would have detected the one patient missed by fixed D-

dimer as a stand-alone test, but would have necessitated

Table 3 Demographics and characteristics

All patients DVT patients

No-DVT

patients

n = 913 n = 176 n = 737

Age (years), median (IQR) 64 (22) 63 (22) 64 (22)

Symptom duration

(days), median (IQR)

7 (11) 5 (5) 7 (11)

Female sex, n (%) 490 (54) 74 (42) 416 (56)

Modified Wells score

(DVT likely), n (%)

452 (49) 140 (80) 312 (42)

Modified Wells score

(DVT unlikely), n (%)

461 (51) 36 (20) 425 (58)

Previous VTE, n (%) 152 (17) 51 (29) 101 (14)

VTE in first-degree

relatives, n (%)

179 (20) 38 (22) 141 (19)

Active cancer within the

past 6 months, n (%)

47 (5) 16 (9) 31 (4)

Surgery or immobilization

for >3 days, n (%)

49 (5) 14 (8) 35 (5)

Hormonal

contraceptives, n (%)

22 (2) 7 (4) 15 (2)

Hormone replacement

therapy, n (%)

88 (10) 12 (7) 76 (10)

Known

thrombophilia, n (%)

28 (3) 9 (5) 19 (3)

DVT, deep vein thrombosis; IQR, interquartile range; VTE, venous

thromboembolism.
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702 CUS examinations (76.9%, 95% CI 74.1–79.5%)

instead of 615 (67.4%, 95% CI 64.3–70.3%) – a difference

of 9.5% patients (95% CI 5.4–13.6%).

Applying age-adjusted D-dimer as a stand-alone test

would have resulted in an additional five patients with

false-negative D-dimer results at inclusion, two with

Assessed for eligibility
(1338 patients)

Included
(913)

Positive D-dimer
(615)

Negative D-dimer
(298)

Excluded (425):
Unwillingness or

inability to consent
(361), anticoagulation
for other reasons than

venous
thromboembolism

during follow-up* (60),
D-dimer missing at

inclusion (4)

Analyzed for failure rate
(298)

Fig. 2. Study population and design. *Superficial thrombophlebitis diagnosed by ultrasound at baseline (56), clinically suspected thrombophle-

bitis (1), atrial fibrillation (2), DVT prophylaxis during immobilization (1).

Negative D-dimer < 0.5 mg L–1

(298)

No ultrasound imaging
performed

(262)

No VTE at 3-
month follow-up

(262)

No VTE at 3-
month follow-up

(35)

DVT and
anticoagulation

(1)

No DVT and no
anticoagulation

(35)

Ultrasound imaging performed*

(36)

Fig. 3. Fixed D-dimer as a stand-alone test for excluding deep vein thrombosis (DVT). VTE, venous thromboembolism. *Reasons for under-

going ultrasound imaging despite negative D-dimer: Evaluate extent of clinically suspected thrombophlebitis for diagnosis and determining

whether or not to administer anticoagulant therapy (2), second evaluation in Emergency Department due to persisting symptoms (6), diagnose

other suspected condition (4), other causes (12), no available information recorded on reason for undergoing ultrasound imaging (12).
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distal DVT and three with proximal DVT. Adding the

modified Wells score to age-adjusted D-dimer generated

a similar safety profile as fixed D-dimer as a stand-

alone test, although necessitating an additional 44 CUS

examinations.

Two of the strategies had a lower proportion of

required CUS examinations than fixed D-dimer as a

stand-alone test: age-adjusted D-dimer as a stand-alone

test generated 80 fewer CUS examinations (8.8%, 95-

% CI � 13.2% to � 4.4%), whereas the negative predic-

tive value was reduced from 99.7% (95% CI 98.1–99.9%)

to 98.4% (95% CI 96.6–99.3%).

Adding the original, three-category Wells score yielded

46 fewer CUS examinations (5.1%, 95% CI � 9.5% to

� 0.7%) at the cost of a lower negative predictive value,

i.e. 98.5% (95% CI 96.6–99.4%).

Adding the Wells score generated more CUS examina-

tions than both D-dimer thresholds as stand-alone tests, and

the modified Wells score generated more CUS examinations

than the original Wells score. Applying the modified Wells

score to the fixed and age-adjusted cut-offs yielded 9.5%

(95% CI 5.4–13.6%) and 4.8% (95% CI 0.6–9.0%) more

CUS examinations than fixed D-dimer as a stand-alone test,

respectively. The negative predictive value increased to

99.6% (95% CI 97.8–99.9%) when the modified Wells score

was added to fixed D-dimer, and remained unchanged for

age-adjusted D-dimer with the modified Wells score.

Discussion

Safety of fixed D-dimer as a stand-alone test

In this study, we found that D-dimer testing as a stand-

alone test in the diagnostic work-up safely excluded

DVT.

To our knowledge, only two other prospective outcome

studies have evaluated D-dimer testing as a stand-alone

test for excluding VTE [26,27], and, as far as we know,

ours is the only recent study to do so for DVT. The pre-

vious studies found similar overall negative predictive val-

ues of 99.3% and 99.8%, respectively. The studies had

similar sample sizes, used other D-dimer assays, and had

prevalences of VTE of 23% and 12%, respectively, sup-

porting our findings.

In spite of high negative predictive value for D-dimer

testing, the safety of D-dimer testing as a stand-alone test

for pulmonary embolism is subject to ongoing debate,

even when a higher positivity threshold for D-dimer is

applied, i.e. 750 lg L�1, than used in our study [28].

The failure rate of 0.3% (95% CI 0.1–1.9%) of fixed

D-dimer as a stand-alone test corresponds to the failure

rates yielded by negative CUS results, ranging between

0.57% and 2.0%, with 95% CIs ranging from lower to

upper limits of 0.2% to 5.1% [29,30]. Moreover, it com-

pares favorably with the failure rate after a negative

venography result (1.3%) [31], which is the reference

standard for DVT diagnostic tests or algorithms [1].

Finally, the upper limit of the CI of the post-test proba-

bility of DVT for fixed D-dimer as a stand-alone test was

< 2%. This is considered to be a satisfactory degree of

certainty in diagnostic testing for withholding treatment

[1].

Comparison of fixed D-dimer as a stand-alone test with

other strategies

Regarding our secondary outcome measures, we found

that fixed D-dimer as a stand-alone test was equally safe

as established diagnostic strategies incorporating the

Wells score in the algorithm. Furthermore, of the two

strategies with an upper 95% CI failure rate limit of

≤ 2%, fixed D-dimer as a stand-alone test generated the

fewest number of CUS examinations.

Early published evaluations of combined Wells score

and D-dimer strategies found similar failure rates as

described in our study (0.4% [95% CI 0.05–1.5%] and

0.6% [95% CI 0.1–1.8%]) [3,4]. The Wells score has subse-

quently been extensively validated and clinically employed,

spanning at least 14 studies with > 10 000 patients [32].

Age-adjusted D-dimer as a stand-alone test had the

highest specificity and resulted in the fewest CUS exami-

nations of all strategies. However, it was associated with

lowered sensitivity and an additional five false-negative

cases, of whom three had proximal thrombi, as compared

with fixed D-dimer as a stand-alone test. Given that the

analysis was conducted retrospectively, the clinical signifi-

cance of missing these thrombi is uncertain.

Prospective outcome studies to explore the safety of

age-adjusted D-dimer as a stand-alone test are needed

before its use in clinical practice can be considered. Cur-

rent prospective studies validating age-adjusted D-dimer

may help to guide future diagnostic work-up of DVT

(NCT02384135).

Strengths and limitations

The strengths of our study include its prospective out-

come design and collection of data, standardized assess-

ment, including the same D-dimer assay in all patients,

and no losses to follow-up in the group with negative

D-dimer results who did not undergo CUS. Additionally,

the DVT prevalence of 19% in our study is comparable

to that in other similarly designed diagnostic studies

[3,4,26,27]. This relatively high prevalence decreases the

likelihood of a low failure rate resulting from a low

prevalence, which may arise as a result of the lower diag-

nostic threshold seen in recent times [15].

A limitation of our single-center study is possibly

weaker generalizability than a multicenter study would

yield. Another limitation is the protocol deviations

whereby patients did and did not undergo CUS despite

negative and positive D-dimer results, respectively. These
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deviations would probably continue to exist in the case of

implementation of D-dimer as a stand-alone test, as there

would be a need to clarify other conditions, or to evalu-

ate the extent of clinically suspected thrombophlebitis;

also, clinicians may, for other reasons, wish to exclude

DVT despite a negative D-dimer result or clinical predic-

tion rules. Of the 36 patients who underwent CUS despite

a negative D-dimer result, one was diagnosed with DVT,

whose 2-cm-long distal thrombus might have resolved

spontaneously. The clinical course and optimal manage-

ment of distal thrombi are subject to ongoing debate

[33,34]. Furthermore, as analyses for five of the strategies

were conducted retrospectively, the clinical significance of

the thrombi missed by age-adjusted D-dimer but not by

fixed D-dimer remain theoretical. Therefore, our conclu-

sion that the safety of age-adjusted D-dimer as a stand-

alone test is uncertain could only be verified or falsified

through prospective outcome studies.

Earlier enrollment in the study was not an exclusion

criterion so long as the previous inclusion occurred

> 3 months previously. As the patients who were

enrolled twice were few in number (14), and only two

were not managed per protocol (one patient did not

undergo CUS despite a positive D-dimer result, and one

patient underwent CUS despite a negative D-dimer

result), we believe that the potential resulting bias is lim-

ited. Despite the potential benefits of including patients

repeatedly, such as the ability to establish recurrence

rates and explore mechanisms of recurrent DVT, the

lack of independence between these observations could

limit testing for statistically significant differences

between strategies.

Although our findings are likely to be generalizable to

other outpatient populations with similar DVT prevalences,

this may not be the case for inpatient settings or in popula-

tions with markedly higher DVT prevalences. Although

D-dimer was analyzed with only one method, other studies

have documented similar negative predictive values for high-

sensitivity assays [19]. We therefore believe that our D-dimer

results can be extrapolated to these assays.

It is also worth noting that, although patients at high

risk for DVT were not excluded from the study, their

contribution to the total patient number was limited. For

instance, only 5% had cancer, 5% had undergone surgery

within the 12 weeks preceding admission, and 0.8% were

pregnant. Although none of these patients had false-nega-

tive D-dimer results, the numbers of patients in the sub-

groups were too small to enable conclusions to be drawn

regarding the safety of D-dimer testing as a stand-alone

test in these groups. Consequently, the results of our

study do not warrant changing existing diagnostic evalua-

tion of these patients.

In summary, D-dimer testing as a stand-alone test

was found to be equally safe as and to generate fewer

CUS examinations than D-dimer testing combined with

the Wells score. As the strategy has the additional

advantage of being easily adhered to in clinical practice

while avoiding subjectivity in evaluation, we believe that

it is a preferred approach to simplify the diagnostic

work-up of DVT.

Conclusion

Our findings suggest that D-dimer testing as a stand-

alone test with levels of < 0.5 lg mL�1 can safely exclude

DVT while necessitating fewer CUS examinations than a

combined approach using D-dimer testing and the Wells

score. We believe that this strategy has the potential to

standardize and simplify the diagnostic process for DVT.

Age-adjusted D-dimer as a stand-alone test generated

the lowest number of CUS examinations, but the safety

of the strategy needs to be evaluated in prospective out-

come studies before it is considered for clinical use.
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Key Points

•Deferring ultrasound
imaging for #24 hours
with empiric rivaroxa-
ban in patients with
suspected DVT is
a safe strategy.

• The strategy may sim-
plify the diagnostic ap-
proach to DVT while
improving resource
use.

Guidelines suggest using empiric low-molecular-weight heparin if the diagnostic workup of

deep vein thrombosis (DVT) is expected to be delayed. The role of direct oral anticoagulants

for deferred compression ultrasound imaging (CUS) in patients with suspected DVT remains

unexplored. The main objective of the study was to assess the safety of deferring CUS with

therapeutic doses of rivaroxaban. We prospectively included consecutive outpatients

referred to the Emergency Department at Østfold Hospital, Norway, with suspected first or

recurrent lower-extremity DVT between February 2015 and November 2018. Patients were

discharged with rivaroxaban 15 mg twice daily while awaiting CUS within 24 hours if

D-dimer level was$0.5mg/L fibrinogen-equivalent units. The primary outcomewas the rate

of major bleeding incidents from study inclusion until DVT was confirmed and

anticoagulation therapy continued, or otherwise up to 48 hours following administration of

the last tablet of rivaroxaban. The secondary outcome was the rate of progressive DVT

symptoms or symptoms or signs of pulmonary embolism between hospital discharge until

venous thromboembolism was diagnosed. Six hundred twenty-four of 1653 patients

referred with suspected DVT were included (37.7%; 95% confidence interval [CI], 35.4-40.1).

DVT was diagnosed in 119 patients (19.1%; 95% CI, 16.1-22.3). There were no major bleeding

incidents, yielding an observed major bleeding rate of 0% (1-sided 95% CI,0.4). No patients

experiencedmajor complications in the interval that CUS was deferred (0%; 95% CI, 0.0-0.6).

Deferring CUS for up to 24 hours in patients with suspected DVT with therapeutic doses of

rivaroxaban is a safe strategy. This trial was registered at www.clinicaltrials.gov as

#NCT02486445.

Introduction

The workup of deep vein thrombosis (DVT) starts with pretest probability assessment and D-dimer
testing to determine which patients should be referred for diagnostic compression ultrasonography
(CUS) to establish a final diagnosis.1 Guidelines suggest empiric treatment with low-molecular-weight
heparin (LMWH) if the workup is prolonged, and the patient has no major risk factors for bleeding.2

Prompt administration of LMWH is recommended in patients with a high pretest probability of DVT. For

Submitted 27 January 2020; accepted 17 April 2020; published online 5 June 2020.
DOI 10.1182/bloodadvances.2020001556.
Deidentified individual participant data that underlie the reported results may be
requested after publication to investigators, whose proposed use of the data has been
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aims in the approved proposal. Information regarding accessing data and obtaining
study protocol can be directed to the corresponding author, Synne G. Fronas (e-mail:
s.g.fronas@gmail.com).
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patients with moderate or low pretest probability, LMWH is
suggested if the workup is expected to exceed 4 and 24 hours,
respectively.2 Several studies have demonstrated the safety of
deferring CUS until on-hours with therapeutic doses of LMWH or
unfractionated heparin,3-9 which may alleviate the resource burden
of around-the-clock referrals for CUS at hospitals.

Although direct oral anticoagulants are increasingly used in the
treatment of DVT, their safety has not been prospectively assessed
for suspected DVT in a diagnostic approach deferring CUS. This is
important to establish before it may be routinely prescribed in daily
practice, as the majority of patients who receive empiric anti-
coagulation do not have DVT.

In this study, we evaluated the safety and feasibility of deferring
CUS for up to 24 hours with therapeutic doses of rivaroxaban in
patients with suspected DVT.

Methods

Study population and design

The Rivaroxaban for Scheduled Work-up of Deep Vein Thrombosis
Study (the Ri-Schedule study, www.clinicaltrials.gov identifier
NCT02486445) was a prospective outcome trial including consec-
utive outpatients referred from primary care centers to the Emergency
Department at Østfold Hospital, Norway, between February 2015
and November 2018. The hospital is the primary referral center for
;300000 inhabitants.

Inclusion criteria were$18 years of age, referral for first or recurrent
suspected lower-extremity DVT, ability and willingness to provide
written consent, and no enrollment in the study within the past 3
months. Exclusion criteria were conditions associated with a higher
risk of adverse outcomes with rivaroxaban and/or with being
discharged awaiting CUS (Table 1). These included expected
workup completion within 2 hours, contraindications to rivaroxaban,
hemoglobin,11 g/dL, thrombocyte count,1003 109/L, glomerular
filtration rate (GFR) ,45 mL/min per 1.73 m2, cancer or chemother-
apy in the past 6 months, suspected concurrent pulmonary embolism
(PE), comorbidities necessitating admission, suspected leg ischemia
or eligibility for thrombolysis, logistical challenges with at-home
observation, patient objection to discharge, or physician deeming
discharge to be unsafe.

Interventions

The study design is outlined in Figure 1. Dedicated study nurses
and doctors screened patients for enrollment. If the patient was
$18 years old, had not been included in the study within the past 3
months, and provided written consent, study personnel obtained
pregnancy tests for women of childbearing age, as well as
hemoglobin and GFR levels with point-of-care devices. If the
patient did not meet any of the predefined exclusion criteria for
discharge with rivaroxaban and deferred CUS as outlined in
Table 1, the patient was enrolled in the study. Excluded patients
remained in the Emergency Department until the relevant workup
had completed.

Included patients underwent a clinical examination including
assessment of the 3-tier Wells score before admission blood tests,
including D-dimer, were obtained,10 as per routine management.
Wells score was assessed for later analyses and did not guide
further management. Patients were next administered 1 tablet of

rivaroxaban 15 mg and discharged with another tablet of 15 mg
to take at home. The patients were advised to contact the
Emergency Department if they experienced symptom progression,
symptoms of PE, or bleeding complications. Study personnel
contacted patients by phone when D-dimer results were available.
D-dimer was analyzed by the immunoturbidometric method of
STA-Liatest D-Di Plus (Stago Diagnostics, Asnieres, France) on
the STA-R Evolution Analyzer. If D-dimer levels were ,0.5 mg/L
fibrinogen-equivalent units (FEUs), then DVT was considered to
be ruled out. Patients were instructed not to take the second
tablet of rivaroxaban and consult their family doctor for evaluation
of other diagnoses.

If D-dimer levels were $0.5 mg/L FEUs, patients were instructed
to take the second tablet of rivaroxaban 12 hours after the first.
They were given an appointment for whole-leg CUS the following
morning and within 24 hours of inclusion. The final diagnosis was
based on this CUS examination. As such, we considered DVT ruled
out in patients who had either negative D-dimer or where CUS did
not reveal DVT. The safety of ruling out venous thromboembolism
(VTE) on the basis of a negative D-dimer without clinical pretest
probability assessment is an investigational practice with a low risk
of a missed diagnosis suggested by some studies,11,12 including
a prior study of our department.13 Validation of these findings was
outside the scope of the current study.

Patients were contacted by phone 48 hours after taking the last tablet
of rivaroxaban to assess for bleeding events. The 48-hour range was
chosen based on the time needed to eliminate rivaroxaban.14 For
patients who had been diagnosed with VTE and therefore had

Table 1. Exclusion criteria for deferred imaging and empiric

rivaroxaban

Factors with a higher risk of adverse effects of rivaroxaban

Concomitant anticoagulation*

Suspected active or recent bleeding

Major risk factors for bleeding†

Active cancer or chemotherapy within the past 6 mo

Pregnancy or lactation

Hemoglobin ,11 g/dL or thrombocytes ,100 3 109/L

GFR ,45 mL/min per 1.73 m2

Liver disease with coagulopathy or other bleeding risk

Concomitant medications possibly interacting with rivaroxaban

Conditions or situations in which scheduled workup is deemed inappropriate

Suspicion of concurrent PE

Comorbidities necessitating admission

Suspected ischemia or eligibility for thrombolysis

Physician considers discharge unsafe

Patient objects to discharge

Logistical challenges

Workup can be completed within 2 h

*Regular prescription or empiric anticoagulation for suspected DVT.
†Current or recent gastrointestinal ulceration; presence of malignant neoplasms at high

risk of bleeding; recent brain or spinal injury; recent brain, spinal, or ophthalmic surgery;
recent intracranial hemorrhage; known or suspected esophageal varices; arteriovenous
malformations; vascular aneurysms; major intraspinal, or intracerebral vascular
abnormalities.
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continued anticoagulation treatment, we assessed for bleeding
events in the interval preceding DVT being confirmed and anti-
coagulation continued for treatment purposes. Additionally, we
registered whether the patients who had been diagnosed with VTE
had experienced progressive symptoms or symptoms or signs of PE
before the diagnosis was confirmed.

Objectives and end points

The main objective of the study was to determine the safety of
rivaroxaban in the prediagnostic phase of DVT workup, ie, the
interval from when the patient was included until the diagnosis
could be confirmed or ruled out.

The secondary objectives were to determine the overall safety and
feasibility of the deferred workup strategy.

The primary outcome was the proportion of patients in whom DVT
had been ruled out who suffered a major bleeding incident within
48 hours after ingesting the last tablet of rivaroxaban or otherwise
until DVT had been confirmed and anticoagulation continued for
treatment purposes. Bleeding events were classified according to
the criteria of the Control of Anticoagulation Subcommittee of
the International Society on Thrombosis and Haemostasis,15,16

whereby major bleeding is defined as fatal or symptomatic bleeding
in a critical area or organ and/or bleeding causing a fall in
hemoglobin level of $20 g/dL or leading to transfusion of $2 U
whole blood or red cells.

The secondary safety outcomes were the incidence of clini-
cally relevant nonmajor and minor bleeding events16 and major
complications while awaiting CUS. Major complications were
defined as the worsening of DVT symptoms or the development
of symptoms or signs of PE (number of patients with major
complications/number of patients diagnosed with VTE). This was
based on any of the following criteria occurring: hemodynamic
instability, worsening of vital signs (increased respiratory or resting
pulse rate after 15 minutes of rest, decrease in resting systolic
blood pressure, or decrease in SaO2 by .20% compared with
baseline), increased leg circumference by .10%, and/or pro-
gressive symptoms, such as worsening pain or dyspnea until VTE
was confirmed.

Moreover, we assessed the rate of VTE events within 3 months of
follow-up in patients in whom DVT was ruled out at baseline either
by negative D-dimer or negative CUS.

Patient referred to Emergency
Department with suspected first
or recurrent lower-extremity DVT

Does the patient fulfill all inclusion
criteria?

Does the patient meet any pre-
defined exclusion criteria?

D-dimer obtained.
Patient takes

rivaroxaban 15 mg x 1
and is discharged

D-dimer 0.5
mg/L FEU

Rivaroxaban
15 mg x 1 12

h after first
tablet

CUS next day

D-dimer <0.5
mg/L FEU

DVT
considered
ruled out.

Stop
rivaroxaban

and follow up
with family

doctor

DVT confirmed.
Continue

anticoagulation and
outpatient follow-up at

thrombosis clinic

DVT considered ruled
out.

No anticoagulation, no
further work-up

Follow-up 48 hours after last tablet of rivaroxaban (if DVT is ruled
out) or until anticoagulaton is continued for treatment (if DVT is

confirmed) to assess for bleeding events.
Register major complications while awaiting diagnostic workup.

Eligible patients

Excluded patients
Yes

Contact
patient

when D-
dimer is
available

Contact
patient

when D-
dimer is
available

PositiveNegative

Yes

No

Figure 1. Study design.
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The secondary feasibility outcome was the proportion of patients
who did not meet any of our predefined exclusion criteria for
deferred CUS with rivaroxaban (Table 1) and were included in the
study out of all otherwise eligible patients (patient age $18 years,
able and willing to provide written consent, and not included within
the past 3 months).

Statistical analyses

We estimated the expected bleeding rate based on the number of
patients in studies on LMWH (n5 729 patients), in whom no major
bleeding events were observed.3-5,7 This yielded an observed major
bleeding rate of 0% and 95% confidence interval (CI) of 0.0% to
0.6%. Based on this, we assumed a frequency of observed major
bleeding with rivaroxaban at#0.2%with a 1-sided 95% confidence
limit of ,0.8%. With these assumptions, a significance level of 5%
and a power of 80% (b 5 20%), we set the sample size at 620
patients.

The study outcomes are expressed as proportion in descriptive
summary percentage and 95% CIs, calculated by Clopper-Pearson
exact method.17 Baseline characteristics are expressed in median
with interquartile range (IQR) for continuous variables and numbers
and percentages for categorical variables. The software package
used was IBM SPSS Statistics, Version 25.

Safety and adjudication

One fatal bleeding event or 2 nonfatal, major bleeding events were
set as criteria for stopping the study. An independent adjudication
committee would determine causes of bleeding or death, and an
independent safety committee was responsible for terminating the
study if deemed necessary.

Ethics approval

The study was approved by the Regional Committee for Medical
and Health Research Ethics (REK), reference number 2014/377.
The researchers adhered to the Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human Subjects and the
International Conference on Harmonisation–Good Clinical Practice
Guideline.

Results

Baseline characteristics

Figure 2 provides an overview of the patient flow. Screening of
consecutive outpatients mainly took place when dedicated study
personnel recruited from the pool of the Emergency Department
staff was working, 8 to 13 hours of the day during weekdays.

Two thousand three hundred forty-seven patients who presented to
the Emergency Department with suspected DVT were screened for
participation. Of these, 1653 patients (70.4%; 95% CI, 78.5-72.3)
were $18 years of age, provided written consent, and were not
included in the past 3 months.

One thousand twenty-nine of the 1653 patients (62.3%; 95% CI,
59.9-64.6) met $1 exclusion criterion for deferred workup with
rivaroxaban (Table 2). Of these 1029 patients, 185 patients
(18.0%; 95% CI, 15.7-20.5) were diagnosed with DVT.

Renal function was assessed with the point-of-care device in 388
patients. In the remaining patients, laboratory renal function results
were either available at inclusion or the physician attending

preferred to wait for these. All 388 patients either had previously
known renal function impairment or GFR.45 mL/min per 1.73 m2.

Six hundred twenty-four patients (37.7%; 95% CI, 35.4-40.1) were
included. Their baseline characteristics are summarized in Table 3.
Median age was 65 years (IQR, 54-73), and 342 patients (54.8%;
95% CI 50.8-58.8) were female. One hundred nineteen patients
(19.1%; 95% CI, 16.1-22.4) were diagnosed with DVT at baseline.
Of these, 89 (74.8%; 95% CI, 66.0-82.3) were proximal and 30
(25.2%; 95%CI, 17.7-34.0) were isolated distal thromboses. D-dimer
was positive in 475 patients (76.1%), negative in 143 patients
(22.9%), and missing in 6 patients (1.0%). In patients with positive
D-dimer, 137 (28.8%), 261 (54.9%), and, 77 (16.2%) patients
were classified as high, moderate, and low probability, respec-
tively. In patients with negative D-dimer, 20 (14.0%), 83 (58.0%),
and 40 (28.0%) patients were classified as high, moderate, and
low probability, respectively.

Enrollment ended when reaching the predefined sample size.

Study outcomes

The study outcomes are summarized in Table 4. All patients were
followed up according to study protocol. There were no major
bleeding events in patients in whom DVT was ruled out or in patients
with confirmed DVT (0/624 [0.0%]; 1-sided 95%CI, 0.4). Moreover,
no patients (0/624 [0.0%]; 95% CI, 0.0-0.6) suffered worsening of
presenting symptoms or developed symptoms or signs of PE in the
interval between inclusion until VTE was diagnosed. There were
505 patients in whom DVT was ruled out at baseline either by
negative D-dimer or negative CUS. No patients with initial negative
CUS were diagnosed with VTE within 3 months of follow-up for
a 3-month VTE rate of 0.0% (95% CI, 0.0-1.0). Two patients who
did not undergo CUS at baseline because of negative D-dimer were
diagnosed with DVT for a 3-month VTE rate of 1.4% (95% CI,
0.2-5.0). One patient was in the low-probability subgroup, and the
other patient was in the high-probability subgroup.

Notably, 1 patient suffered a major bleeding event, which was
adjudicated not to meet the primary end point for 2 reasons. First,
the patient in question was included despite experiencing melena,
hence fulfilling the exclusion criterion for scheduled workup of
active bleeding (Table 1). Second, the event occurred beyond the
predefined study period, 70 hours after taking 1 tablet of rivaroxaban.
The event therefore was adjudicated as protocol violation. Taking it
into account would have yielded a major bleeding rate of 0.2%
(1-sided 95% CI ,0.7).

In total, 63 minor and clinically relevant nonmajor bleedings
occurred in 61 patients (10.1%; 95% CI, 7.8-12.7). Figure 3
provides an overview of number and origin of bleeding events. In
patients where DVT was confirmed, there were 9 bleeding events in
9 patients (7.6%; 95%CI, 3.5-13.9). Of these, all were minor but for
one clinically relevant nonmajor incident of hematuria. In patients
where DVT was ruled out, there were 54 bleeding events in 52
patients (10.5%; 95% CI, 8.0-13.0). Of these, 52 were minor and
2 were adjudicated as clinically relevant nonmajor: 1 incident of
epistaxis and 1 incident of hematuria.

All 60 minor bleeding events were mild, and at follow-up, 37 had
recovered spontaneously and 23 were recovering. Of the bleedings
still recovering, 1 patient had experienced increased though currently
diminishing menstrual bleeding, while the remainder were either
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recovering subcutaneous hematomas (n 5 9) or hematomas
detected on CUS (n 5 13) while the patients were worked up
for DVT.

As for the secondary feasibility outcome, 1029 patients (62.3%)
met at least 1 exclusion criterion for scheduled workup. Numbers
and percentages meeting the different criteria are detailed in
Table 2. Three hundred twenty-eight patients (19.8%; 95% CI,
17.9-21.9) had received empiric LMWH in primary care before
referral, and it was the only exclusion criterion for 245 patients
(14.8%; 95% CI, 13.1-16.6). Of the 328 patients who had received
LMWH in primary care before referral, weight and dosage were
available in patients’ records for 286 patients. Of these, 159
patients (55.6%; 95% CI, 49.6-61.4) had received at least the
minimum therapeutic dosage for VTE.

Eighty-nine patients (5.4%) only met the criterion of “physician
deems discharge unsafe," and the 73 patients with documented
reasons did so because more likely or concurrent diagnoses needed
management (n 5 51), the Emergency Department physician
attending deemed DVT unlikely after evaluation (n 5 14), or
they had pronounced DVT symptoms needing instant consider-
ation (n 5 8).

Discussion

Principal findings

We found that deferring CUS for up to 24 hours with therapeutic
rivaroxaban is a safe and feasible strategy for patients with
suspected DVT. While others have suggested that direct oral
anticoagulants may be safe in the diagnostic workup of VTE,18 our
study is to our knowledge the first prospective trial to assess this
question.

There have been no clinical trials addressing the benefits and
disadvantages of administering vs withholding anticoagulants in
prolonged workup of DVT, and guidelines have a grade 2C level
of recommendation.2 The main benefit of empiric anticoagulation
is faster initiation of treatment in patients who are ultimately
diagnosed with DVT, preventing proximal extension of the clot,
PE, and perhaps postthrombotic syndrome. A disadvantage is
system and patient cost, albeit subject to varying legislation
between countries.19-21 However, the main potential disadvantage
is risking bleeding complications in patients without DVT. The
favorable safety profile demonstrated in this and similarly designed
studies applying LMWH or unfractionated heparin for de-
ferred workup, all yielding no major bleedings,3-9 support the
use of empiric anticoagulation in prolonged workup of DVT. Our
conclusion is in line with suggestions from guidelines and what
is, in our experience, already a relatively commonplace practice
despite the grade 2C evidence. A recent article describing
anticoagulation therapy patterns in the ;10 000 patients
included in the large prospective observational GARFIELD-
VTE registry demonstrated that 13.4% of patients had started
anticoagulant treatment before the diagnosis being confirmed,
of whom 17.0% started on a direct oral anticoagulant without
parenteral bridging despite guidelines recommending LMWH in
this setting.22

A fair amount of patients (10.1%) experienced a bleeding event
(Figure 3), of which 95.2% were minor. Minor or “nuisance”
bleeding events lack a rigorous definition, may be underreported in
large data trials,16 and may be more open to interpretation and the
physician’s inclination to report. We believe several aspects of our
study contributed to the observed bleeding rate. First, we
documented all bleeding events to avoid reporting bias. Several

Patients  18 years of age
referred to Emergency

Department with suspected first
or recurrent lower-extremity

DVT
(n = 2347)

Eligible patients
(n = 1653)

Included patients
(n = 624)

Patient did not wish to
participate (212), time or
resource constraints for

inclusion (152), reason for
exclusion not specified in

patient history (102),
dementia diagnosis or

cognitive impairment (77),
acute or chronic disease

certainly or possibly affecting
patient’s ability to consent

(65), language barriers (54),
inability to consent because
of intellectual disability (15),
study personnel not working

at time of admisson (15),
patient not included because
previous inclusion less than

90 days prior (2).

Patients not fulfilling
inclusion criteria

n = 694

Patients meeting at
least one exclusion
criterion for deferred

workup
n = 1029

Figure 2. Eligibility and inclusion of patients.
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of these were trivial, such as light recurrent or light epistaxis when
blowing the nose (8/15), habitual or light gum bleed when brushing
teeth (3/6), or easier bruising (n 5 9). Second, we reported
bleeding events despite probable causative factors. For instance,
judging by presenting history and symptoms, it is likely that many of
the lower-extremity hematomas detected by CUS were present
before the patient received rivaroxaban. However, as CUS was
performed after the patients had taken rivaroxaban, we cannot
conclude whether hematomas preceded rivaroxaban administra-
tion. Third, the study design involving thorough patient information
and follow-up may have affected the patient’s propensity for
reporting bleeding events.

Summarized, we cannot conclude whether the observed proportion
of 10.1% is particularly high or low, but we believe there was an
overall low threshold for reporting bleeding events and overall low
clinical relevance of the majority of the bleeding events.

This notwithstanding, our patient with melena adjudicated as
protocol violation underlines the importance of precluding patients
at high risk of bleeding from empiric anticoagulation treatment.
Although we do not know the natural progression in this case,
rivaroxaban likely exacerbated or accelerated the course of the
patient’s signs and symptoms.

Regarding feasibility of the strategy, 37.7% of patients did not
meet any of our predefined exclusion criteria for deferred
workup with rivaroxaban (Table 2), and we believe more patients
would be included in future implementation. The 245 patients
with empiric LMWH in primary care as their only exclusion
criterion would likely add to the eligible proportion if scheduled
workup had been standard management and could have
increased the number to 869 patients (52.6%; 95% CI,
50.1-55.0).

Eighty-nine patients were excluded because the treating physicians
deemed discharge unsafe. In most cases, this was because other
workup was necessary to rule out other conditions, or the suspicion
of DVT was withdrawn upon closer look. In a clinical setting, the
criteria for deferred workup would only apply to patients with
a primary DVT suspicion in the first place. Therefore, we consider
that this criterion will not exclude as many patients in future
implementation.

A few other aspects of our predefined criteria merit mentioning. For
future implementation, we would recommend establishing hemo-
globin levels and pregnancy status for eligible women through
point-of-care devices. Estimating point-of-care GFR did not yield
previously unknown GFR ,45 mL/min per 1.73 m2. As such, we
believe there is no need to determine GFR levels, as long as the
patient’s history is not suggestive of compromised renal function. As
for platelets, we did not routinely await laboratory results before
administering rivaroxaban and instead asked all patients about signs
suggestive of thrombocytopenia.

We have previously found that stand-alone D-dimer may safely rule
out DVT with a 3-month VTE rate of 0.3% (95% CI, 0.1-1.9) in 298
patients with negative D-dimer.13

Table 2. Exclusion criteria for deferred workup in eligible patients

(N 5 1653)

n (%) with

criterion

n (%) with only

criterion

Anticoagulation* 447 (27.0) 329 (19.9)

Empiric anticoagulation treatment in primary
care before referral

328 (19.8) 245 (14.8)

Regular prescription of anticoagulation
treatment

129 (7.8) 76 (4.6)

Both empiric and regular use of
anticoagulation treatment

10 (0.6) 8 (0.5)

Patient objects to discharge 192 (11.6) 117 (7.1)

Physician deems discharge unsafe 189 (11.4) 89 (5.4)

Suspected active or recent bleeding 70 (4.2) 11 (0.7)

GFR ,45 mL/min per 1.73 m2 66 (4.0) 17 (1.0)

Active cancer or chemotherapy within the
past 6 mo

65 (3.9) 23 (1.4)

Major risk factors for bleeding 59 (3.6) 4 (0.2)

Logistical challenges for at-home observation 45 (2.7) 16 (1.0)

Workup expected to complete within 2 h 44 (2.7) 28 (1.7)

Medications possibly interacting with
rivaroxaban

44 (2.7) 10 (0.6)

Hemoglobin ,11 g/dL and/or thrombocytes
,100 3 109/L

39 (2.4) 6 (0.4)

Pregnancy or lactation 23 (1.4) 14 (0.8)

Suspected concurrent PE 22 (1.3) 2 (0.1)

Comorbidities necessitating admission 20 (1.2) 2 (0.1)

Suspected ischemia or eligibility for
thrombolysis

4 (0.2) 0 (0)

Liver disease† 2 (0.1) 0 (0)

*Regular prescription or empiric anticoagulation for suspected DVT.
†Associated with coagulopathy or other bleeding risk.

Table 3. Demographics and characteristics

Included patients (N 5 624)

Age, median (IQR), y 65 (54-73)

Female sex, n (%) 342 (55)

Symptoms duration, median (IQR), d 7 (4-14)

Positive D-dimer,* n (%) 475 (76)

Low probability for DVT,† n (%) 117 (19)

Moderate probability for DVT,† n (%) 348 (56)

High probability for DVT,† n (%) 159 (25)

DVT at baseline, n (%) 119 (19)

Risk factors for VTE, n (%)

Previous VTE 91 (15)

VTE in first-degree relatives 118 (19)

Current smoking 129 (21)

Recent travel .4 h 194 (31)

Recent inactivity 84 (14)

Surgery within past 12 wk 37 (6)

Known thrombophilia 17 (3)

Hormonal contraceptives 23 (4)

Hormone-replacement therapy 46 (7)

*D-dimer missing in n 5 6.
†According to the 3-tier Wells score.
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In the current study, there was a low 3-month VTE rate with a higher
upper limit of the 95% CI than yielded in our previous study.
Regardless, the aim of this study was to explore whether the
diagnostic workup of DVT could safely be deferred for up to 24 hours
with empiric rivaroxaban without adversely affecting patients in this
time frame, not to determine whether it is safe to withhold CUS in
select patients altogether. No patients experienced major complica-
tions from deferring CUS, whereas stand-alone D-dimer in ruling out
DVT need validation before their safety in routine use may be
considered as supported by the findings of this study.

Several benefits of deferring CUS until hospital on-hours have
been described in previous studies conducted at university and
community hospitals. Arnaoutakis et al estimated an annual cost
savings of ;$12 000 with the termination of off-hour imaging
without affecting patient outcomes, possibly a higher figure if other
reimbursements had been taken into account as well.23 Potential cost
savings was also suggested by Bauld et al.9 Langan et al found
increased retention of sonographers after off-hour CUS had de-
creased by 89%, which could possibly be attributed to satisfaction with
diminished off-hour workload.7 Improved sonographer satisfaction was
also a benefit noted in a study conducted by Chaer et al, as well as
more laboratory time for inpatient studies.4

Our study has several novel implications elaborating on the findings
of previous trials.

First, it introduces an alternative empiric anticoagulant for patients
with suspected DVT, which has the benefits of oral administration,
potentially lower cost, as well as standard, not weight-required
dosing. The latter may be of particular benefit, as only 56% of patients
in our study received the minimum therapeutic dosage of LMWH
according toweight. Second, our criteria will aid primary and emergency
care physicians in deciding which patients can wait for referral until
hospital on-hours. Deferred workup strategies may reduce wait time for
patients and improve resource use during hospital peak or off-hours,
possibly channeling 40% to 50% of patients to on-hour workup.

Strengths and limitations

The strengths of our study include its prospective design, standard-
ized assessment, collection of data, and classification of bleeding
events for all patients. No patients were lost to follow-up, and
outcomes were adjudicated by an independent adjudication commit-
tee. Unlike other studies, we included patients with suspected
recurrent DVT, who comprised a considerable proportion of the
study cohort of 15%. Moreover, we applied the same diagnostic

strategy to all patients irrespective of pretest likelihood of DVT (to
our knowledge only the second study to do so).9 As such, our
findings suggest that rivaroxaban may safely be administered to low-
risk patients and that CUSmay safely be deferred for up to 24 hours
in high-risk patients. Both are groups where the benefits to risk ratio
might be more uncertain and where it is particularly desirable to
avoid adverse effects of the respective interventions.

A limitation of our study is that it was conducted in a single center.
Hence, external validity of our findings remains to be established.
Moreover, we performed a single-arm study rather than a random-
ized controlled trial, which would have required a larger sample size
than feasible for the scope of this study. Lastly, our exclusion criteria
for scheduled workup limit generalizability to the whole outpatient
population, and our findings cannot be extrapolated to patients with
suspected concurrent PE, cancer, lower hemoglobin, or GFR than
predefined. Ultimately, there were several reasons for why we erred
on the side of caution at the expense of generalizability. First, based
on previous studies from our department, we expected that ;80%
of the included patients would end up having DVT ruled out,13 and
less conservative criteria would particularly disfavor these patients
in case of bleeding. Second, there have to our knowledge not been
studies randomizing patients with suspected DVT to receive or
not empiric treatment, and the uncertainty of potential benefits
warranted a cautious approach. Lastly, as patients were discharged
and not observed in hospital, we decided that additional safety
considerations were necessary.

Importantly, a strategy involving deferred workup and empiric
anticoagulation will likely always be inappropriate for a sub-
stantial proportion of any outpatient population depending on the
characteristics of the population in question.

However, some of the criteria might be modified for future
implementation. A high GFR threshold was chosen as a moder-
ately reduced renal function of creatinine clearance ,50 mL/min
warrants dose reduction in certain situations. Hemoglobin
,11 g/dL was raised during the study from ,10 g/dL as an extra
safety precaution after the inclusion of a patient with ongoing
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Figure 3. Origin and number of bleeding events.

Table 4. Primary and secondary outcomes

n (%) 95% CI

Safety, bleeding events

Major 0 (0) ,0.4

Clinically relevant nonmajor 3 (0.5) 0.1-1.4

Minor 60 (9.6) 7.4-12.2

Major complications* 0 (0) 0.0-0.6

Feasibility

Patients included in the study 624 (37.7) 35.4-40.1

*Worsening of symptoms, development of symptoms, or signs of PE between inclusion
and diagnosis of VTE.
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melena. Lastly, cancer patients were excluded, as the role of direct
anticoagulants in these patients was unknown at the time of
designing the study.

In conclusion, we found that deferring CUS with therapeutic doses
of rivaroxaban in patients with suspected DVT where CUS was not
readily available was not associated with major bleeding or other
major adverse events. Our strategy resulted in 37.7% of patients
being discharged to await further diagnostic considerations at
home. The strategy may simplify the diagnostic workup of DVT while
improving resource use.
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Key Points

•Negative D-dimer
safely ruled out DVT as
a stand-alone test.

• A single negative
whole-leg ultrasonogra-
phy safely ruled out
DVT in patients with
positive D-dimer irre-
spective of pretest
probability.

Guidelines for the diagnostic workup of deep vein thrombosis (DVT) recommend assessing

the clinical pretest probability before proceeding to D-dimer testing and/or compression

ultrasonography (CUS) if the patient has high pretest probability or positive D-dimer.

Referring only patients with positive D-dimer for whole-leg CUS irrespective of pretest

probability may simplify the workup of DVT. In this prospective management outcome

study, we assessed the safety of such a strategy. We included consecutive outpatients

referred to the Emergency Department at Østfold Hospital, Norway, with suspected DVT

between February 2015 and November 2018. STA-Liatest D-Di Plus D-dimer was analyzed

for all patients, and only patients with levels$0.5 mg/mL were referred for CUS. All patients

with negative D-dimer or negative CUS were followed for 3 months to assess the venous

thromboembolic rate. One thousand three hundred ninety-seven patients were included.

Median age was 64 years (interquartile range, 52-73 years), and 770 patients (55%) were

female. D-dimerwas negative in 415 patients (29.7%) and positive in 982 patients (70.3%). DVT

was diagnosed in 277 patients (19.8%). Six patients in whom DVT was ruled out at baseline

were diagnosed with DVT within 3 months of follow-up for a thromboembolic rate of 0.5%

(95% confidence interval, 0.2-1.2). A simple diagnostic approach with initial stand-alone

D-dimer followed by a single whole-leg CUS in patients with positive D-dimer safely ruled out

DVT.We consider this strategy to be a valuable alternative to the conventional workup of DVT

in outpatients. This trial was registered at www.clinicaltrials.gov as #NCT02486445.

Introduction

Current guidelines for the diagnostic workup of deep vein thrombosis (DVT) recommend incorporating
clinical pretest probability (C-PTP) assessment, D-dimer results, and compression ultrasonography
(CUS).1,2 Each of the components has been widely assessed,3-5 although no 1 diagnostic strategy has
been deemed superior to others. Guidelines recommend first assessing C-PTP using a validated
prediction rule, followed by a high-sensitivity D-dimer assay for patients with non-high C-PTP, and either
single whole-leg or proximal CUS for patients with high C-PTP or positive D-dimer. For proximal CUS,
a repeat examination or negative D-dimer is required to rule out DVT in patients with moderate or high
C-PTP, whereas a single negative proximal CUS suffices in patients with low C-PTP.

Submitted 27 April 2020; accepted 23 July 2020; published online 15 October 2020.
DOI 10.1182/bloodadvances.2020002173.
Deidentified individual participant data that underlie the reported results may be
requested after publication to investigators whose proposed use of the data has been
approved by an independent review committee identified for this purpose, to achieve

aims in the approved proposal. Information regarding accessing data and obtaining
study protocol can be directed to corresponding author, Synne G. Fronas, at
s.g.fronas@gmail.com.
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In a recent study, we found that negative stand-alone D-dimer safely
ruled out DVT irrespective of C-PTP while necessitating fewer CUS
examinations than if C-PTP had also been considered.6

We believe a diagnostic strategy in which only patients with positive
D-dimer are referred for a single whole-leg CUS regardless of
C-PTP may simplify the workup of DVT without compromising
safety. As such, this prospective management trial aimed to
determine the safety and feasibility of such a strategy.

Methods

Study population and design

The Ri-Schedule study (clinicaltrials.gov NCT02486445) was a pro-
spective outcome trial including consecutive outpatients referred
from primary care to the Emergency Department at Østfold Hospital,
Norway, between February 2015 and November 2018. Inclusion
criteria were $18 years of age and referral for suspected first or
recurrent DVT. Exclusion criteria were failure to consent, and previous
inclusion in the study within the past 3 months. Furthermore, the
following patients were excluded from analyses: patients with missing
D-dimer results at baseline, patients who were prescribed anti-
coagulants for other indications than empiric anticoagulation for
suspected DVT at the time of inclusion, and patients who were
prescribed anticoagulants for indications other than venous throm-
boembolism (VTE) in the interval from inclusion until the end of the
3-month follow-up.

Interventions

Designated study personnel screened patients for inclusion. Included
patients underwent clinical examination and blood admission tests
including D-dimer. C-PTPwas assessed according to the 3-tierWells
score for later analyses and before D-dimer was obtained,7 but was
not used to guide further management. D-dimer was analyzed by
the immunoturbidometric method of STA-Liatest D-Di Plus (Stago
Diagnostics, Asnières, France). Positive D-dimer was defined as
levels $0.5 mg/mL fibrinogen-equivalent units. Patients with D-dimer
,0.5 mg/mL were considered not to have DVT, did not undergo
CUS, and remained untreated at baseline.

Patients with positive D-dimer were referred for whole-leg CUS.
The deep and saphenous veins were scanned with a linear probe
(5-10 MHz). For first DVT, recurrent contralateral DVT, recurrent
ipsilateral DVT with documented resorption of thrombus, or recurrent
DVT without available images for comparison, the diagnostic criterion
was incompressibility of the vein or a grayscale visualization of the
thrombus.8 Recurrent ipsilateral DVT was defined as noncompressi-
bility of, or visualization of, the thrombus in a venous segment not
involved from referenceCUS,9 asmagnetic resonance direct thrombus
imaging to distinguish between acute and chronic DVT was not
established as an alternative at the time the study was designed.10

Patients diagnosed with DVT at baseline started anticoagulation
treatment. Patients with suspected concurrent pulmonary embolism
at baseline were managed according to hospital guidelines instead
of according to the trial protocol.

Patients in whom we considered DVT to be ruled out either due to
negative D-dimer or CUS were discharged to be followed up for 3
months. Patients were advised to seek medical attention if symptoms
progressed, or if other symptoms of DVT or pulmonary embolism
developed, in which case they would undergo diagnostic imaging. At

the end of the follow-up period, patients were contacted by phone to
determine whether they had been diagnosed with VTE since inclusion,
and/or had been treated with anticoagulation during this time.

Objectives and end points

The study aimed to assess the safety and feasibility of a diagnostic
strategy ruling out DVT in patients with negative D-dimer, and ruling
out DVT with normal findings on a single whole-leg CUS for patients
with positive D-dimer.

The primary end point was the failure rate of the strategy, defined as
the proportion of patients in whom DVT had been ruled out (ie,
patients with either negative D-dimer or normal CUS at baseline)
who developed VTE or died of unknown cause possibly attributable
to VTE within 3 months of follow-up out of all patients in whom DVT
had been ruled out.

The secondary safety objectives were to assess the safety of stand-
alone D-dimer and single whole-leg CUS, respectively. The
secondary safety end points were determining

the failure rate of stand-alone D-dimer, defined as the proportion of
patients with negative D-dimer at baseline who developed VTE or
died of unknown cause possibly attributable to VTEwithin 3months
of follow-up out of all patients with negative D-dimer, and

the failure rate of whole-leg CUS, defined as the proportion of
patients with normal CUS at baseline who developed VTE or died
of unknown cause possibly attributable to VTE within 3 months of
follow-up out of all patients with normal CUS.

The feasibility of the strategy was defined as the proportion of
patients managed according to the strategy out of all patients.

All potential outcome events were adjudicated by an independent
committee.

We have previously reported on the safety of stand-alone D-dimer
for the exclusion of DVT in 913 of the patients included in this study,
and compared its safety and feasibility to standard diagnostic
workup, as well as age-adjusted D-dimer.6 Our findings were
recently validated in a retrospective study.11

Statistical analyses

We would accept a failure rate of the strategy of 2% with an upper
limit of the 95% confidence interval (CI) of 4%. This was based on
the rate of symptomatic VTE within 3 months of a negative
venography (1.3%; 95% CI, 0.2% to 4.4%), which is the reference
standard against which diagnostic management studies of DVT are
typically evaluated.2,12 For a power of 80% at a 5% significance
level, we estimated a sample size of at least 500 patients in whom
DVT was ruled out at baseline according to the strategy. As the
study was part of the larger Ri-Schedule study addressing several
objectives with different sample size calculations, we allowed for
.500 patients to be included in the study.

The study outcomes are expressed as proportions with percen-
tages and corresponding 95% CIs, calculated by the Clopper-
Pearson exact method. Baseline characteristics are expressed as
median with interquartile range (IQR) for continuous variables, and
numbers and percentages for categorical variables. IBM SPSS
Statistics software (version 25) was used.

27 OCTOBER 2020 x VOLUME 4, NUMBER 20 A DIAGNOSTIC STRATEGY TO RULE OUT DVT 5003

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/4/20/5002/1769049/advancesadv2020002173.pdf by guest on 12 January 2021

http://clinicaltrials.gov


Ethics

The study was approved by the Regional Committee for Medical
and Health Research Ethics (REK; reference number 2014/377).
The researchers adhered to the Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human Subjects, and the
International Council for Harmonisation–Good Clinical Practice.

Results

Baseline results

In the 46 months of inclusion, 2347 patients aged $18 years,
referred with first or recurrent lower-extremity DVT, were screened
for participation (Figure 1).

Of these, 1397 patients were included in the analyses. Their
baseline characteristics are outlined in Table 1. DVT was diagnosed
in 277 patients (19.8%): 187 of these DVT cases (67.5%) were
proximal and 90 (32.5%) were isolated distal DVT. Thirty-three
patients were included twice, and 1 patient was included 3 times.
The diagnostic properties of the implemented strategy vs strategies
including the Wells score in the diagnostic algorithm are shown in
Table 2.

Outcomes

Outcomes are summarized in Figure 2. Six of the 1113 patients with
negative D-dimer and/or normal CUS were diagnosed with DVT
within 3 months for a failure rate of 0.5% (95% CI, 0.2-1.2).

Three of 415 patients with negative D-dimer were diagnosed with
DVT: 2 proximal and 1 distal. These had Wells scores of21, 1, and
3. As such, the failure rate for D-dimer as a stand-alone test was
0.7% (95% CI, 0.1-2.1).

Of the 698 patients with normal CUS at baseline, 3 patients were
diagnosed with DVT within the 3-month follow-up, with Wells
scores of 1, 3, and 4. As such, the failure rate for whole-leg CUS
was 0.4% (95% CI, 0.1-1.3).

Two patients were lost to follow-up. They both had negative D-dimer
and did not undergo CUS at baseline.

Additionally, 3 patients in whom DVT was ruled out by a normal
CUS at baseline died within the 3-month follow-up: none underwent
autopsy. VTE was adjudicated to not be the likely cause of death in
any of the 3 patients, but cannot be definitely ruled out as autopsies
were not performed. Considering these 5 cases as failures would
have yielded 11 failures out of 1113 patients (1.0; 95% CI, 0.5-1.8)
with negative workup: a figure with an upper bound of the 95% CI
still well below the predefined acceptable safety margin.

As for the feasibility outcome of adherence, CUS was not
performed in 50 of the 982 patients with positive D-dimer (5.1%)
and was performed in 43 of the 415 patients with negative D-dimer
(10.4%). As such, 1304 of 1397 patients (93.3%; 95% CI, 91.9-
94.6) were managed according to protocol. In all cases in which
CUS was not performed despite positive D-dimer, the suspicion of
DVT was discarded after evaluation by the emergency department
attending physician. Reasons given by physicians for requesting
CUS despite negative D-dimer are listed in Table 3.

Discussion

Principal findings

In this prospective management study, we found that our simple
approach of performing a single whole-leg CUS only in patients with
D-dimer$0.5 mg/mL and withholding CUS in patients with D-dimer
,0.5 mg/mL was a safe strategy associated with a low failure rate.

Patients 18 years of age
referred to Emergency

Department with suspected first
or recurrent lower-extremity

DVT
(n = 2347)

Included
(n = 1653)

Analyzed
(n = 1397)

Patient unwilling (212) or
unable to provide written

consent (211), study personnel
unable to include due to time
restrictions (167), reason for

exclusion not specified in patient
history (102), previous inclusion
less than three months prior (2)

Excluded n = 694

Excluded from analyses 

n = 256

Missing D-dimer (7), regular
prescription of
anticoagulation treatment
(129), anticoagulation
treatment initiated for other
reasons than VTE within the
three-month follow-up1 (120)

Figure 1. Inclusion of patients.
1Ninety-three due to superficial thrombophlebitis.
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The upper limit of the 95%CI of 1.2%was well below the predefined
accepted 3-month VTE rate of 4%. Moreover, both components
of the strategy, stand-alone D-dimer and whole-leg CUS, had
comparably low failure rates, similar to previous literature.6,13,14 To
our knowledge, this is the first study to assess the clinical outcomes
of withholding anticoagulation treatment in a diagnostic strategy
combining stand-alone D-dimer and single whole-leg CUS.

Many management strategies incorporating C-PTP assessment,
D-dimer results, and various CUS techniques have been studied.5,15-18

These lay the foundation for existing recommendations of the
diagnostic workup of DVT.1,2 With some variation, the general
recommendation is to conduct either proximal or whole-leg CUS in all
patients with a high likelihood of DVT or positive D-dimer. Ruling out
DVT on the basis of normal CUS or otherwise negative D-dimer when
adhering to 1 of these strategies is associated with a VTE rate similar
to that found in our study: between 0.4% and 2.0%,7,15,17,19-24 with
an upper limit of the 95% CI of mostly #2.2%.

Guidelines currently recommend against using stand-alone D-dimer
to rule out DVT. However,1,2 the studies upon which they are based
were largely not prospective outcome studies using clinical follow-
up as reference standard, and were instead based on D-dimer
assessment against reference imaging at inclusion for the whole
study population or for patients with high C-PTP.3,25-28 This
approach does not necessarily reflect clinical outcomes after
a follow-up period, and may result in detecting clinically insignificant
DVT with subsequent risk of overdiagnosis. Moreover, generalizing

failure rates of D-dimer yielded by universal imaging of high-risk
populations to the general outpatient population may not be
appropriate, and most prospective outcome studies of outpatients
do not have a DVT prevalence nearing the$50% defined as a high-
risk population.18 Rathbun et al conducted 2 studies withholding
diagnostic workup in patients with negative D-dimer for suspected
first and recurrent DVT, respectively.29,30 They found failure rates
for stand-alone D-dimer of 0.0% (95% CI, 0-4.4) and 0.75% (95%
CI, 0.02-4.1). However, the study populations were relatively small
compared with ours with 81 and 134 patients with negative
D-dimer. Moreover, in both studies, there were patients in whom
VTE could not be definitely ruled out, yielding a worst-case upper
limit of the 95% CI of 11.4%.

With the failure rate of our strategy being 0.5% (95% CI, 0.2-1.2)
and well within our preaccepted safety margin, we would not
suggest systematic follow-up of patients with negative D-dimer or
negative CUS; the latter is in line with current guidelines.1,2,31 This
does not preclude individual exceptions, and all patients with
negative workup were encouraged to contact health care providers
for renewed evaluation if they experienced recurring, persisting, or
worsening symptoms, or symptoms of PE.

In addition to comparable safety, we believe our strategy has several
advantages over current diagnostic algorithms and should therefore
be seen as a valuable alternative. First, it may reduce the amount of
CUS examinations, thereby decreasing cost,30 time, and resources
required for the management of individual patients. According to

Table 1. Demographic and clinical characteristics of patients

All, N 5 1397 DVT,* n 5 277 No DVT,* n 5 1120

Age, median (IQR), y 64 (52-73) 65 (53-73) 64 (51-73)

Symptom duration, median (IQR), d 7 (3-14) 5 (3-7) 7 (3-14)

Female sex, n (%) 770 (55) 114 (41) 656 (59)

Positive D-dimer, n (%) 982 (70) 275 (99) 707 (63)

Low probability for DVT,† n (%) 383 (27) 23 (8) 360 (32)

Moderate probability for DVT,† n (%) 670 (48) 121 (44) 549 (49)

High probability for DVT,† n (%) 344 (25) 133 (48) 211 (19)

Positive D-dimer and/or high probability for DVT† 1024 (73) 276 (99) 748 (67)

DVT likely,‡ n (%) 698 (50) 216 (78) 482 (43)

DVT unlikely,‡ n (%) 699 (50) 61 (22) 638 (57)

Positive D-dimer and/or DVT likely,‡ n (%) 1105 (79) 276 (99) 829 (74)

Previous VTE, n (%) 203 (15) 73 (26) 130 (12)

VTE in first-degree relatives, n (%) 266 (19) 57 (21) 209 (19)

Active cancer within 6 mo, n (%) 62 (4) 21 (8) 41 (4)

Travel .4 h, n (%) 368 (26) 76 (27) 292 (26)

Immobilization due to trauma, n (%) 64 (5) 17 (6) 47 (4)

Hormonal contraceptives, n (%) 37 (3) 8 (3) 29 (3)

Hormone-replacement therapy, n (%) 121 (9) 15 (5) 106 (10)

Known thrombophilia, n (%) 45 (3) 15 (5) 30 (3)

Pregnancy or puerperium, n (%) 19 (1) 1 (0.4) 18 (2)

Recent surgery, n (%) 109 (8) 32 (12) 77 (7)

*At baseline visit.
†According to the original, 3-level Wells score.
‡According to the modified, 2-level Wells score.
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current guidelines, all patients in the high-risk group should be
referred for CUS, as well as patients with positive D-dimer in the
low- or moderate-risk groups. Because our strategy entails referring
only patients with positive D-dimer irrespective of pretest probabil-
ity, fewer CUS examinations would be required in the group
conventionally stratified as high risk. Notably, several recent
guidelines have applied and/or stated their preference for the 2-tier
Wells score in their recommendations.1,31,32 The modified score
classifies a larger proportion of patients as high risk than the original
3-tier Wells score, resulting in more required CUS examinations.
Although we did not conduct a formal comparison between the
strategies, obtaining the Wells score at inclusion enabled us to
retrospectively assess the diagnostic properties of strategies in-
cluding the Wells score in the diagnostic algorithm (Table 2).

Taking Wells score into consideration for our patients would have
resulted in 3.0% and 8.8%more CUS according to the 3- and 2-tier
scores, respectively, for a similar failure rate. In a recent retrospec-
tive study of 1765 patients, Rinde et al similarly found that stand-
alone D-dimer would have required 9.6% less CUS than D-dimer
incorporated with the 2-tier Wells score for a similar failure rate
(1.8% [95% CI, 0.8% to 3.5%] vs 1.6% [95% CI, 0.5% to 3.6%],
respectively).33

Recent attempts to increase specificity and reduce the number of
unnecessary CUS examinations include increasing thresholds for
positive D-dimer in older patients or in patients with low C-PTP.34 In
our study, both strategies would have required CUS in 66% of
patients because of positive D-dimer or high C-PTP, 4% less than our
strategy albeit at the cost of a slightly higher failure rate (Table 2).

In addition to reducing CUS examinations by omitting clinical
prediction rules, our strategy obviates the repeat examinations
required in the case of a negative proximal CUS in moderate- or
high-risk patients with positive D-dimer.1,2,32 As for choice of
modality in CUS, both whole-leg and proximal CUS are acceptable

options,19,21 and there is no favored consensus.1,2 Disadvantages
of whole-leg CUS include being more skill- and resource-demanding,
in addition to the potential disadvantage of treating distal DVT that
would otherwise resolve without complications. However, we prefer
whole-leg CUS to obviate repeat testing, and provide alternative
explanations for the patient’s symptoms.

A second advantage of our strategy is avoiding the challenges with
clinical prediction rules. These include the inherent weakness of
subjectivity,35,36 not widely validated interrater reliability,2 and
incorrect use. The latter may partly result from the fact that, in
some emergency departments, standard blood samples including
D-dimer are obtained before clinical evaluation to improve
efficiency. Knowledge of D-dimer results prior to C-PTP assess-
ment may influence scoring,37 contrary to the intended use. Lastly,
real-life data show varying or limited adherence to prediction rules in
clinical practice.16,38-41 The GARFIELD-VTE registry found that
,5% of patients underwent C-PTP evaluation before imaging.42,43

We believe that simplifying the workup may increase clinical
adherence and usefulness, supported by the 93% adherence to the
strategy in our study. Additionally, the clinician’s familiarity with
a score as well as clinical experience would be of less importance
with our strategy.

Strengths, limitations, and clinical implications

Strengths of our study include its relatively large patient number,
prospective design, standardized assessment and collection of data, and
few losses to follow-up. The baseline prevalence of DVT of 19.8%was in
the same range or higher than similarly designed studies.14,29,30,44

C-PTP was fairly evenly distributed between low, moderate, and high
subgroups. All of these factors diminish the risk of an artificially high
negative predictive value that a low prevalence could yield.

Our trial has several limitations, 1 being its monocentric design due
to feasibility considerations. This may in turn adversely affect the
generalizability of our findings, and external validity remains to be

Table 2. Diagnostic performance of stand-alone D-dimer vs other strategies (n 5 1397)

D-dimer

Age-adjusted DD1 C-PTP adjusted DD1‡0.5 mg/L or Wells score ‡3 or Wells score ‡2

Positive predictive value,* n 278/982 279/1024 279/1105 273/928 271/917

Estimate, % 28.3 27.2 25.2 29.4 29.6

95% CI 25.5-31.2 24.5-30.1 22.7-27.9 26.5-32.5 26.6-32.6

VTE within 3 mo despite negative workup,† n 3/415 2/371 2/290 8/469 10/480

Estimate, % 0.7 0.5 0.7 1.7 2.1

95% CI 0.1-2.1 0.1-1.9 0.1-2.5 0.7-3.3 1.0-3.8

Required D-dimer tests according to strategy,‡ n 1397/1397 1053/1397 699/1397 1053/1397 1053/1397

Estimate, % 100 75.3 50.0 75.4 75.4

95% CI 99.7-100 73.0-77.6 47.4-52.7 73.0-77.6 73.0-77.6

Required CUS examinations according to strategy,§ n 982/1397 1024/1397 1105/1397 928/1397 917/1397

Estimate, % 70.3 73.3 79.1 66.4 65.6

95% CI 67.8-72.7 70.9-75.6 76.9-81.2 63.9-68.9 63.1-68.1

DD, D-dimer.
*Number of DVT in all patients requiring workup according to each strategy; true positive/true positive 1 false positive.
†According to the criteria ruling out DVT in each strategy; false negative/false negative 1 true negative.
‡Required in all patients or non–high-risk patients.
§Required if positive D-dimer or high-risk patients.

5006 FRONAS et al 27 OCTOBER 2020 x VOLUME 4, NUMBER 20

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/4/20/5002/1769049/advancesadv2020002173.pdf by guest on 12 January 2021



established. Nonetheless, consisting of consecutive outpatients
with an overall intermediate DVT prevalence,1 a fairly even
distribution of different C-PTP subgroups, as well as compara-
ble failure rates to other studies examining stand-alone D-dimer,
we believe our findings are likely to be generalizable to other
emergency department populations with similar or lower
prevalence.

Only 1 D-dimer assay was studied, which could limit extrapolation of
our findings to other assays, such as point-of-care devices. As the

negative predictive value of the STA-Liatest has been found to be
comparable to that of other high-sensitivity assays,3 we expect
these to be similarly safe granted internal quality control measures
are in place.

Moreover, the study was not powered to include sample sizes for
high-risk subgroups that would have benefited from clear manage-
ment guidance, as this would have warranted a larger population
and scope than feasible for the study. The strategy may be less
specific for inpatients,45 or in other conditions or situations in which
D-dimer could be expected to be increased, such as in pregnant
patients and in patients with cancer46 who comprise 4% and 1% of
the study population, respectively. False-negative D-dimer could
occur in patients with DVT on anticoagulation treatment. Although
its effects on D-dimer are still largely unknown,1 some studies have
suggested decreasing D-dimer levels after initiation of anticoagu-
lation therapy.47 For this reason, patients on a regular prescription
of anticoagulants were excluded in this study.

We cannot eliminate the possibility that removing C-PTP assess-
ment led to more DVT being diagnosed and treated. In the event of
low C-PTP, physicians might be more inclined not to refer the
patient for CUS despite positive D-dimer, or to dismiss an uncertain
radiologic finding. However, when performed correctly, falsely
interpreted CUS examinations for first DVT are rare. For suspected
recurrent ipsilateral DVT, magnetic resonance direct thrombus
imaging is an alternative to distinguish between acute and chronic

Included patients
(n = 1397)

Negative D-dimer
n = 415

Positive D-dimer
n = 982

No CUS at baseline
n = 50

CUS at baseline
n = 932

CUS at baseline
n = 43

No CUS at baseline
n = 372

No DVT
n = 657

DVT
n = 275

DVT
n = 2

No DVT
n = 41

Analyzed: 275
Deaths: 4

Analyzed: 2
Deaths: 0

3-month follow-up,
patients with DVT

Analyzed: 41
VTE: 0
Deaths: 0

Analyzed: 370
VTE: 1
Deaths: 0

3-month follow-up,
patients with negative D-dimer

and no or negative CUS

Analyzed: 50
VTE: 0
Deaths: 0

Analyzed: 657
VTE: 3
Deaths: 3

3-month follow-up,
patients with positive D-dimer

and no or negative CUS

Loss to
follow-up
n = 2

Figure 2. Study flow and outcomes.

Table 3. Reasons given by physicians for requesting CUS despite

negative D-dimer

Total, N No DVT, n DVT, n

No recorded reason in patient files 14 14 0

Strong suspicion of DVT due to specific
symptoms or signs

14 12 2

Evaluate extent of suspected thrombophlebitis
to determine treatment

2 2 0

Evaluate other suspected diagnosis than DVT 7 7 0

High C-PTP 4 4 0

Lack of alternative diagnosis to DVT 2 2 0

Total 43 41 2

Reasons as recorded in patient files.
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DVT, which would reduce the risk of falsely interpreted CUS in
these patients.10

Regardless, our strategy should only be used when DVT is
suspected and where D-dimer is useful. Conversely, false-positive
results could similarly occur with current recommendations referring
all perceived high-risk patients for CUS regardless of D-dimer as
this is based on subjective evaluation.

To our knowledge, comparisons between alternative D-dimer thresh-
olds, such as stand-alone, age-adjusted, and C-PTP–adjusted
D-dimer, have been retrospective.6,11,34 For future research,
a prospective multicenter study with a head-to-head comparison of
the various strategies would be useful in determining the optimal
strategy. Future research efforts aimed at obviating unnecessary
diagnostic workup altogether would further advance the manage-
ment of patients with suspected DVT, for instance, by identifying new
biomarkers and/or developing machine-learning strategies. Increased
knowledge of which DVT should be managed conservatively or
pharmacologically would aid these efforts.

In conclusion, a single negative whole-leg CUS safely ruled out DVT
in patients with positive D-dimer, and negative D-dimer safely ruled
out DVT, both irrespective of C-PTP. We consider this strategy to
be a valuable alternative to the conventional diagnostic workup of
DVT in outpatients.
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