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Abstract: Modern diagnostic strategies of venous thromboembolism (VTE) have been devel-
oped. In this review, the diagnostic algorithms for deep-vein thrombosis (DVT) and their
parameters are discussed individually in the context of reporting a case of DVT in a 43-year-
old Caucasian female with a moderate pretest probability stratified by Wells’ score and a negative
high quality D-dimer test. The patient was on treatment with Xarelto (rivaroxaban), 20 mg PO
daily at the time of presentation. The diagnosis was verified through a complete lower limb
ultrasound (US). This case highlights the diagnostic challenges and pitfalls of the current
algorithms, especially those seen in a subgroup of patients such as patients with cancer,
pregnancy, recurrent VTE or are on anticoagulation therapy at the time of presentation. The
diagnosis of DVT is less plausible in a patient who is on anticoagulation therapy, but physicians
should be aware of such a possibility. Physicians should also know in advance the numerous
clinically relevant limitations of D-dimer testing before interpreting the results. Unifying the
current diagnostic strategies, modifying the current Wells’ score and using the protocol of
a whole-leg compression US instead of the limited US protocol are among the several cautious
suggestions that have been proposed based on this review to possibly decrease the incidence of
missed DVT.
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Introduction

VTE is the third leading vascular diagnosis after myocardial infarction and
stroke."? It is a complex multifactorial disease and an important cause of
preventable mortality and morbidity.” The economic burden of VTE spans
from the loss of economic output due to premature mortality to the medical
costs in treating the acute event and the costs of complications and long-term
morbidity.’

VTE includes two major clinical manifestations; DVT and pulmonary embo-
lism (PE). DVT is the most common clinical manifestation, where a blood clot
typically forms in the deep veins of the leg and/or pelvis. Recurrent thrombosis
and post-thrombotic syndrome (PTS) are known complications of DVT. PE is the
most serious manifestation and it occurs when a blood clot becomes lodged in the
arteries of the lung."**'° PE can cause death and chronic thromboembolic pul-

monary hypertension (CTEPH).' '°

submit your manuscript

Dove “

http:

in 3

Journal of Blood Medicine 2020:11 173-184 173

© 2020 Al-Khafaji and Schierbeck. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.

Framrrm com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By
accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-4577-562X
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Al-Khafaji and Schierbeck

Dove

Overview of the Current Diagnostic

Strategy for VTE
VTE can be predisposed by different risk factors whose
effects vary according to age, gender and the presence of
other potentiating factors at the time of clot formation.
Recent surgery, active cancer, trauma, leg paresis and nur-
sing home confinement are considered major risk factors.
Pregnancy, oral contraceptives and oral postmenopausal
hormone therapy are well-known factors for thrombosis in
females.™®

The major risk factors have been incorporated alongside
the tremendous body of evidence that has been generated in
the previous decades to develop guidelines and algorithms,
which can be used in prevention, diagnosis and treatment of
VTE.>*%!"13 The modern diagnostic strategies involve
sequential testing as a D-dimer and/or imaging depending
on the VTE risk stratification by Wells score.*'*

The Case Report

A 43 year old Caucasian female sought repeated medical
attention from her general practitioner (GP) on the
third day of her symptoms with complaints of right leg
swelling. She had previously sought acute medical atten-
tion by visiting the accident and emergency department
(A&E) on the first day of her symptoms because of noti-
cing that the right leg was larger. But this physical finding
could not be detected by the physician on-call. The patient
was discharged after DVT was excluded based on a normal
physical examination and a negative D-dimer test.

The patient was seen by the main author for first time
in the same A&E when she was referred by the GP for
a suspected DVT. In this second admission, the patient
presented with a unilateral slight visible swelling in the
lower right extremity. The patient did not have fever, pain,
restriction in movement, itching, syncope, chest pain,
acute shortness of breath, orthopnea nor abdominal symp-
toms. There was no history of trauma, insect’s bites, tra-
velling, weight loss or anything out of usual in her routine
activities.

The patient confirmed her clinical history; a previous ver-
ified bilateral PE by SPECT-CT 5 months earlier, a 20-year
use of oral contraception, which was stopped due to PE,
a maternal grandmother with PE at the age of 42. Six weeks
prior to this second admission, the patient had been seen at
another hospital, where (CTEPH) had been ruled out. But, the
patient was nevertheless waiting for an appointment for Right
Heart Catheterization (RHC) and possibly an exercise-RHC

too. The patient was also waiting for the results of her throm-
bophilia testing and was on a follow-up schedule to exclude
antiphospholipid syndrome (APS). The only current medica-
tion was rivaroxaban (Xarelto); 20 mg daily in the last
4 months.

The physical examination revealed a BMI > 37, right
lower extremity presented with slight redness, slight visible
swelling up to her mid leg, grade 2 pitting edema, with 2.5 cm
difference in circumference between the legs measured from
the medial malleolus (not from the tibial tuberosity), no
distended veins, no warmth, no tenderness, no muscle
spasm in her lower limb, and she had bilateral normal dorsalis
pedis pulses. The patient had a normal temperature, pulse,
blood pressure and a respiratory rate. No elevated jugular
venous pressure, no hepatojugular reflex. Auscultation of
both the lungs and the heart was unremarkable.

Biochemically, there was a slight leucocytosis up to
12 E°/L with a normal CRP and a normal D-dimer test.
The D-dimer is routinely measured by the nurse at our
center when a patient is referred suspected of DVT before
these patients are seen by a doctor. D-dimer was measured
by the STA-Liatest D-Di PLUS kit, reference 00662, which
is an immune-turbidimetric assay for the quantitative deter-
mination of D-dimer in venous plasma. ECG was normal.

Because of the somewhat vague symptoms and Xarelto,
the assessment of having DVT was less plausible. The pit-
ting edema received 1 point and despite there was no full leg
swelling, but 1 point was also given for this sign according
to the Wells’ score in the electronic system in Denmark
(Table 1). Because of a total score 2, there was a moderate
risk of having DVT according to the 3 risk stratification
module. The main author decided to refer the patient for
a complete right lower limb Doppler US the next morning.
The US confirmed thrombosis in the popliteal and calf veins
of the affected right limb. Treatment with Xarelto was
stopped and low molecular heparin (Innohep) was initiated.

On a consented follow-up of the patient’s electronic
record for this publication at the time of writing the origi-
nal manuscript: Thrombophilia tests and APS tests were
both negative, and the RHC later confirmed the develop-
ment of CTEPH, which the findings barely fulfilled the
diagnostic criteria. The patient was not under investigation
for cancer because of lack of clinical suspicion and the
patient was in relevant treatment.

Discussion
The clinical diagnosis of symptomatic VTE is difficult
because the clinical presentations overlap with other
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Table 1 Wells’ Score for Deep Venous Thrombosis

DVT-Clinical Scoring system (Wells’ Score Used in Denmark?®) Wells’ Criteria for DVT in Other Countries Such

Translated from the Danish Language as the USA and the UK"

Active cancer, that is to say active/palliation treatment in the last 6 months | +1 | Active cancer Treatment or palliation within 6 months | +1

Paralysis, paresis of the lower limb, possibly a recent cast of the lower limb | +| | Bedridden recently >3 days or major surgery within 12 | +1]
weeks

Recent immobility > 3 days, possibly a major surgical intervention in the last | +| | Calf swelling >3 cm compared to the other leg. +1

month Measured 10 cm below tibial tuberosity

Local tenderness along the deep veins +1 | Collateral (non varicose) superficial veins present +1

Swelling in an entire lower limb (Circumference should be measured) +1 | Entire leg swollen +1

Swelling in the leg more than 3 cm compared with the asymptomatic side | +| | Localized tenderness along the deep venous system +1

(Measured 10 cm from the tibial tuberosity)

Pitting edema, if it is most prominent in the affected lower limb +1 | Pitting edema, confined to symptomatic leg +1

Dilation of the superficial veins of the affected lower limb (Not varicose veins) [ +1 | Paralysis, paresis, or recent plaster immobilization of +1
the lower extremity

Alternative diagnosis is more likely than DVT —2 | Previously documented DVT +1
Alternative diagnosis to DVT as likely or more likely -2

Notes: *Danish version of Wells’ score, data from Lagehandbogen.'® "Wells' criteria for DVT, data from MDCalc.'® The risk factor highlighted in bold is the missing risk
factor from the Wells’ score, which was used in Denmark at the time of the patient’s presentation to the A&E with a suspected DVT.

diseases. Referring all patients with suspicious symptoms
for definitive diagnostic imaging to rule in or out VTE
would be impractical, inefficient usage of resources, time
consuming and, in some cases, may expose patients to
unnecessary radiation.

Therefore, there is a need for algorithms and diagnostic
tests that can quickly triage the patients in daily clinical
practice and thus assist physicians.>® Based on Wells’
score, relevant diagnostic tests can be used.”*'""!*> These
include D-dimer measurements, leg vein compression US
(CUS) used mainly for DVT, chest computed tomography
pulmonary angiography CTPA, or ventilation perfusion
(V/Q) lung scans for PE.5%!1-12

The safety and cost-effectiveness of these strategies
have been extensively validated.'? But, there are still
limitations and challenges in a subgroup of patients who
are elderly, pregnant, on anticoagulation therapy or have
cancer and/or recurrent VTE.

Pretest Probability

Wells’ clinical prediction module for DVT (Table 1) and PE
enables physicians to stratify patients into high-, moderate-, or
low-risk categories.”!""'*!"!8 Geneva score can also be used
for PE."""'”"'® The revised Geneva score is entirely based on
clinical variables and is independent of physician judgment.'”

In the 3 risk stratification module of Pretest probability
(PTP); a score of 0 or less are considered low risk, a score
of 1-2 indicates moderate risk, and 3 or greater are high
risk. The probability of DVT increases with a higher stra-
tification score; Low (5%), moderate (17%) and high
(53%).'? For simplification purposes the Wells’ score can
also stratify the patient’s risk into 2 groups; DVT unlikely
(Wells® score < 2) or DVT likely (Wells’ score > 2).'*'? In
this type of stratification, the risk of having DVT is 6% in
the unlikely group while the likely group has a risk of
28%.'% In Denmark, a 3 risk stratification module is used.

In Wells’ score, the presence of each clinical feature is
given a positive score of +1. A score of -2 is given if an
alternative diagnosis is highly likely, which mainly depends
on the individual physician's judgment (Table 1). In an
observational study? involving 117 emergency departments
(116 in France and 1 in Belgium) to assess the implementa-
tion of the international diagnostic strategies of PE by phy-
sicians in routine practice, it was shown that when physicians
ruled out PE, they used appropriate diagnostic criteria in only
43% of the observed 1529 patients.>® This was attributed to
variable factors, which could alter the clinical judgment;
older age, other underlying pathology as heart failure, lung
disease, current or recent pregnancy and currently receiving

anticoagulant treatment.' "
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There is a difference between the used Wells’ score in the
UK, the USA and Denmark at the time when the patient was
admitted to the A&E. The Wells’ score used in Denmark
lacks a point for a previously documented DVT, which is
highlighted in bold (Table 1). A single point can alter the
scoring and therefore alters the clinical decision regardless if
it is according to the Danish, ASH or NICE guidelines
(Figures 1,2 and 3). In hindsight, although the patient had
a documented PE and not a DVT, one could argue for it to be
used as a documented case of previous thrombosis and add
+1 to the score. Thus, the patient would have scored 3 (High
risk group) and subsequently be managed with a different
algorithm (Figures 1 and 2). In patients with a high PTP, not
even using a high sensitive D-dimer assay should be used for
ruling-out VTE.?' Because none of the current assays have
a sufficiently high negative predictive value to be used for
rule-out in the ““ High™ PTP.'*

Suspected Lower
Extremity (LE) DVT*

!

inical Decision Rule
DR

1
\ 4 \ 4
Low or High Clinical Intermediate Clinical
PTP** PTP
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D-dimer Testing Positive . rOXIma U!’
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Figure | Flowchart for ASH recommendations (diagnosis of DVT for patients with
intermediate PTP/prevalence [~25%]).

Notes: *Hemodynamically stable, nonpregnant patient. **See other algorithms.
***Highly sensitive D-dimer. Adapted with permission of American Society of
Hematology, from American Society of Hematology 2018 guidelines for manage-
ment of venous thromboembolism: diagnosis of venous thromboembolism, Lim W,
Le Gal G, Bates S et al, Blood Adv, 2(22), 2018; permission conveyed through
Copyright Clearance Center, Inc."?
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Figure 2 Flowchart for ASH recommendations (diagnosis of DVT for patients with
high PTP/prevalence [250%]).

Notes: *Hemodynamically stable, nonpregnant patient. **See other algorithms.
Adapted with permission of American Society of Hematology, from American
Society of Hematology 2018 guidelines for management of venous thromboembo-
lism: diagnosis of venous thromboembolism, Lim W, Le Gal G, Bates S et al, Blood
Adv, 2(22), 2018; permission conveyed through Copyright Clearance Center, Inc.'?

Identifying and diagnosing atypical presentations of
VTE, including isolated distal DVT (IDDVT) and isolated
PE (I-PE) without DVT has become possible due to the
use of diagnostic tests combined with advances in imaging
technology.”® A false negative CUS of lower limb espe-
cially in asymptomatic patients is considered the major
explanation of diagnosing PE without limb DVT because
the thrombus has either resolved or migrated.

By analyzing 521,000 electronic records of combat
patients, because they have a higher risk of developing
a VTE compared to the civilian patients, it was shown that
DVT and PE have overlapping risk factors. But DVT was
more in patients who have the clinical picture of immobi-
lity, while PE was more in those who had chest injuries.>
This raised new questions about the natural course and
pathophysiology of PE without DVT.*

Risk factors, clinical presentation and 3-month survival
in each form of VTE in 5889 patients were analyzed in the
Optimev study.”? It was observed that younger patients,
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Figure 3 Diagnostic Algorithm of DVT in outpatients in Oxford’s University hospitals/UK.

Notes: Wells’ score <I; unlikely, score 22; likely. *“Likely” patients who do not have a negative result in D-dimer testing, need a repeat scan of the proximal veins one week
later. They remain off anticoagulation whilst awaiting this. An alternative strategy for these patients would be to extend the initial scan to the whole leg (ie to also scan the
calf veins). **Patients who have already had an anticoagulant, D-dimers cannot be used as part of the diagnostic algorithm. Patients without a D-dimer result will follow the
same path as if D-dimer were positive. Adapted from Oxford University Hospitals, NHS Foundation Trust. Oxford Haemophilia And Thrombosis Center Out-Patient DVT
Service Protocol. Oxford: Oxford University Hospitals; 2019. Version 9.6 [updated by Curry N]. Available from: https://www.ouh.nhs.uk/services/referrals/specialist-

medicine/documents/dvt-protocols.pdf. Accessed April 30, 2020."°

who underwent exploration procedures without bed con-
finement were likely to have PE without DVT even if they
share permanent risk factors like cancer with the PE with
DVT patient group. The same applies for inpatients but
without being bedridden.*?

PE could be a presentation of a primary hypercoagulable
event rather than an embolized thrombus.?” Based on the
study done by Palereti G et al,** which involved 3573
patients included in the START2-Register for a VTE event;
2880 (80.6%) had DVT/PE, the remaining had I-PE (19.4%).
It was found that hormonal contraception, were more pre-
valent in I-PE than in DVT/PE Groups. Also, older age,
female gender, cancer and heart failure were risk factors for
I-PE. I-PE from right-sided intra-cardiac thrombosis or sim-
ply in-situ thrombus formation are other proposing sources.**

Taking into account the previous and the clinical case,
modifying the current Wells’ score (Table 1) by changing
the risk factor from “Previously documented DVT” to
“Previously documented DVT and/or PE” could possibly

result in a better performance.

The Guidelines and Algorithms

Despite multiple algorithms exist to aid physicians in daily
practice, but this multiplicity may lead to incorrect appli-
cation and potentially medical errors. The guidelines are

not unified which adds,
challenges in diagnosing DVT. For example, a difference

in certain circumstances, more

that exists between the NICE guidelines, which currently
depends on a 2 risk stratification module (Figure 3) and the
guidelines of the ASH, which depends on the 3 risk
stratification module (Figures 1 and 2). The former does
not emphasize the diagnosis of IDDVT because proximal
US is the initial preferred test, and with a negative d-dimer
test a patient could be discharged (Figure 3).

that the sensitivity of Wells’
score for IDDVT was 47% and the negative and positive

It was shown in a study®

predictive values were 91% and 20% respectively. Also,
14.4% (13/90) patients with IDDVT had negative results
on a D-dimer test. Among the patients with IDDVT and
negative D-dimer, seven patients scored PTP 2 (moderate),
five patients scored PTP 1 (Moderate), and only one
scored PTP <1 (Low). Thus, in patients with moderate
risk, D-dimer had a lower negative predictive value.*’

In reviewing the literature, IDDVT is currently one of the
most debated issues in the field of VIE and it is still
a controversial grey area.”*° There is a high degree of uncer-
tainty about the clinical relevance of IDDVT and subsequently
there is a disagreement regarding the need for diagnosing and
treating.”’~° Clinical opinion is divided between that the ben-
efits of treatment are counterbalanced by potential harm.>

Journal of Blood Medicine 2020:1 |
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IDDVT represents a frequent relevant medical condi-
tion; up to 50% of all lower-limb DVTs are distal.>”*®
Acute IDDVT contributed 49.6% of all DVTs cases in
a study cohort from an A&E in the UK.* DVT and
IDDVT had similar risk profiles with IDDVT being more
common in patients undergoing surgery.”* But IDDVT has
a lower incidence of complications when compared with
proximal DVT, which could be due to the rapid resolution
of the thrombus in IDDVT.?!

There is a reported (1%-5.7%) risk of proximal exten-
sion of IDDVT in studies that adopted serial proximal
CUS,”” while others report a 9-21.4%.** Infrapopliteal
DVT is frequently diagnosed in subjects with PE;*’ PE
risk was 1.6% in the CALTHRO study.”’ In Sevestre’s
M et al study,” 35% of the PE cases with DVT had
IDDVT.?? IDDVT may also lead to PTS disease.?” Thus,
treating IDDVT is warranted.>’

Currently, there are no tools available to discriminate
between low- and high-risk IDDVT patients; inpatients,
patients with active cancer, or patients with previous
VTE.*® Anticoagulation therapy may maximally benefit
those patients with extensive and/or symptomatic disease
or those with higher risk for complication (unprovoked
distal DVT, cancer-associated or pregnancy).”®’

Despite a significant proportion of the hospitals in the
UK use only proximal CUS in suspected cases (Figure 3),"
the current UK guidance continues to recommend therapeu-
tic anticoagulation for IDDVT.*’ Regardless of whether
IDDVT is to be treated with anticoagulation or not, diag-
nosing IDDVT is warranted.’> Taking into account the
previous discussion, using a 2 stratification Wells’ score
module and following NICE guidelines in the management
of DVT, missing the diagnosing of IDDVT is possible.

D-Dimer

The breakdown of fibrinogen and fibrin during fibrinolysis
produces D-dimers. The D-dimer tests are widely used as an
initial screening test in the A&E alongside the PTP to rule out
VTE or warrant further imaging (Figures 1 and 3). It is
a proven cost-effective way to triage the patient. D-dimer
test is highly sensitive (>95%) in acute DVT or PE, usually
with a cut-off value of 500 pg FEU/1, which reasonably rules
out acute VTE, particularly in patients with low or moderate
PTP.'”3? By randomly assigning 552 patients to evaluate the
use of D-dimer testing in the diagnosis of DVT, only 17 out
of 218 negative D-dimer tested patients, returned during the
follow-up. 4 with suspected PE and 13 with suspected DVT.
2 had proximal DVT on days 4 and 14 of the follow up.**

A General Review in the Clinically Relevant

Limitations of the D-Dimer Testing

Serum D-dimer elevation is not specific to thromboembolic
disease, and baseline D-dimer elevation can be observed in
many other conditions including physiological causes such
as pregnancy, puerperium, African American heritage,
cigarette smoking and increasing age above 65.%%!7

Currently, there are more than 30 different assays being
used in clinical practice, which mostly use monoclonal
antibodies that target specific epitopes on cross-linked
D-dimer fragments.”?! Examples; Latex agglutination,
enzyme-linked immunosorbent assay (ELISA) as well as
a number of rapid, point-of-care D-dimer assays.*

Sensitivity and specificity of the D-dimer assays vary
depending on the methodology that is being utilized for
detecting D-dimer. Dagkiran H et al*> reported a case of
severe PE with a negative D-dimer test measured by latex
method. Despite the PTP was not reported in their
publication,* but by scoring it from the given published
data it was a “Low” risk. According to the algorithms
a Low PTP with a negative D-dimer test could rule out
PE. Therefore, because of the irregularities in the quanti-
tative determination of D-dimer, a negative D-dimer test-
ing alone is not sufficient for excluding PE.*

Efforts in standardizing D-dimer results have not yet
been successful because of the non-uniform analyte and
the non-homogenous molecular structure of the D-dimer.
Results may be reported using 2 different types of units:
fibrinogen equivalent unit as in the test used in the
reported clinical case in this review, and D-dimer unit.
Also, either type of unit used for D-dimer quantification
may be reported with as many as 9 different units of
magnitude, including mg/L, mg/dL, ug/mL, ug/dL, etc.*
Also, different cut-off values exist among different manu-
facturers. Inter laboratory variation further compromises
the value of the D-dimer assay.* All these complicate the
standardization further.'’

The possible presence of interfering substances;
Hemoglobin, triglycerides, bilirubin, rheumatoid factors
and some monoclonal antibodies or simply the presence
of other diseases as renal failure can all affect the D-dimer
assay. Many drugs can also interfere with D-dimer assays
but usually not at therapeutic levels.* Individual patient
heterogeneity in D-dimer, the clot’s size and site, the
timing of specimen collection in relation to the thrombotic
event as well as anticoagulation and fibrinolytic therapy all

affect testing results.*!7!8
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There is a decreased sensitivity of the D-dimer testing in
low thrombotic burden and distal DVT.” The sensitivity of
D-dimer testing for individuals with low to moderate PTP
was lower for those < 60 years old versus > 60 with a marked
difference in the same study.’ Despite the levels of D-dimer
is significantly higher in patients with IDDVT than those
without a thrombus, but it is significantly lower than those
in patients with proximal thrombi.*® Interestingly, Singer
A. et al’® also found that several IDDVTs could be missed
in patients with moderate risk PTP in whom D-dimer testing
was negative.*® This is because according to the algorithms,
imaging is only recommended for moderate risk patients,
who test positive in a highly sensitive D-dimer assay.
(Figures 1,2 and 3).%

D-Dimer Testing in Specific Subgroups
Diagnostic challenges of VTE are seen in a subgroup of
patients who are elderly, pregnant, on anticoagulation
therapy or have cancer and/or recurrent VTE. Here, only
D-dimer testing in patients on anticoagulation therapy and
oncology patients with VTE are reviewed.

D-Dimer Testing in Patients on Anticoagulation
Therapy
There are currently limited data for the utility of D-dimer
for patients receiving anticoagulant therapy and who pre-
sent with suspected recurrent PE."* D-dimer has also been
suggested to determine the length of anticoagulation ther-
apy. This is discussed in the section reviewing imaging
techniques. D-dimer levels are suppressed by all antic-
oagulant drugs.’’ After initiating anticoagulation with
heparin, the D-dimer decreases by an average of 25%
upon the administration of heparin 24 hours in the treat-
ment of acute VTE. This is enough to decrease the sensi-
tivity of D-dimer testing from 95.5% to 89.4%.'7-%
Fondaparinux, a direct Xa injectable inhibitor, is used as
a prophylaxis for postoperative DVT. A study”’ conducted
to assess the influence of Fondaparinux on D-dimer testing
for DVT screening in patients undergoing total hip arthro-
plasty (THA) and total knee arthroplasty (TKA), revealed
that only results of D-dimer testing on postoperative day 7
was useful for DVT screening, which yielded a sensitivity
of 86%, but a poor specificity of 25%.>° In patients who
received fondaparinux for 14 days after a THA, the inci-
dence of DVT was 13.6% on postoperative day (POD) 1,
27.1% on POD 4. In patients after a TKA, the incidence of
DVT was 50.0% on POD 1, 58.3% on POD 4. Therefore,
the group®® concluded that the accuracy of D-dimer test was

decreased by the administration of fondaparinux and it
might be necessary to find a new strategy for diagnosing
DVT for patients receiving fondaparinux.>”

Vitamin K antagonists (VKAs) and direct oral antic-
oagulants (DOACs), which both work by different mechan-
isms, are globally accepted as oral anticoagulants (OAC) to
prevent thrombosis and suppress D-dimer production.*
The effect of OAC on D-dimer testing depends on the
dose, type, indication, context etc. Therefore, different stu-
dies give different accounts in respect to D-dimer.

Although dabigatran and rivaroxaban do not affect the
D-dimer assay but the D-dimer level is likely to be low.*’
When comparing Warfarin and DOAC in patients treated
for VTE, the rate of positive D-dimer assessed during antic-
oagulation was significantly higher in patients treated with
DOACs than Warfarin for VTE.*® A similar result was
found in patients receiving edoxaban, a direct Xa oral
inhibitor, as a thromboprophylactic in the postoperative
period of a THA.*' The use of edoxaban was correlated
with a high D-dimer level on POD 21, but not on PODs 7
and 14. This could be due to hemostasis being delayed by
anticoagulants, which may result in a higher amount of local
hemorrhage and thus fibrin degradation is prolonged.*'

Rivaroxaban is also a direct Xa oral inhibitor. To iden-
tify the sensitivity of D-dimer in predicting DVT in the first
4 days of the postoperative period in patients receiving
a TKA while on rivaroxaban 10 mg PO as prophylaxis for
the first 14 postoperative days, 200 enrolled patients
received regardless of the D-dimer testing also bilateral
ascending venography of the legs, which was carried out
on the next day after the last dose of rivaroxaban, or earlier
if symptomatic. 29 of the 200 (14.5%) patients developed
DVT, which was diagnosed through venography.** Because
all the DVTs occurred in the leg veins, decreased thrombus
volume and size might result in poor accuracy of plasma
D-dimer test in prediction or diagnosis of postoperative
DVT.*

A case of PE in a fully anticoagulated rivaroxaban
patient with a moderate PTP for PE and a negative
d-dimer test has also been reported.*’ Rivaroxaban was
also used by the patient in this review at the time of
recurrent VTE. Whether rivaroxaban can influence the
sensitivity of D-dimer testing or not, is beyond the scope
of this review and requires further studies. In summary,
physicians should be aware that anticoagulation therapy
could influence the result of D-dimer testing and a full
anticoagulation with rivaroxaban does not exclude the risk
of recurrent VTE.
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D-Dimer Testing in Cancer Patients with VTE

A mini-review of the literature linking D-dimer, with VTE
and cancer is warranted because VTE in cancer patient
proposes diagnostic and prediction challenges. Also, it is
a prognostic parameter for a shorter survival and repre-
sents the leading causes of death in cancer patients. The
intrinsic thrombogenicity of cancer and/or the immobility
caused by general weakness, chemotherapy, and surgery
contribute to VTE formation.** Cancer’s site, grade, and
histological type are identifiable risk factors for VTE.*

There is a 10-15% risk or more in developing VTE in
the first 6 months in ambulatory patients with solid can-
cers. Thus they may benefit from thromboprophylaxis.*’
Khorana score, Vienna modification of the Khorana score,
PROTECHT score and CONKO score are different scores,
which are being used in practice to detect VTE in cancer
patients undergoing chemotherapy as outpatients.
However, because of the inadequate predictive power
their performance is limited.

Because only tumour-site category in the Khaorana was
significantly associated with the risk of developing VTE in
the first 6 months in the CATS and MICA studies and
D-dimer testing has been introduced into routine practice
as a VTE risk predictor (Figures 1 and 3), a novel simple
clinical prediction model for predicting VTE in ambulatory
patients with various types of solid cancer based only on
these 2 parameters has been proposed.*” However, the
group™® states that other D-dimer assays, which were not
used in their studies need to be validated for use in the
proposed clinical model before it can be used to predict
cancer-associated VTE.*

This model has been tested by Riondino S et al*® by
applying it to the dataset of cancer patients, who were
enrolled in the Institutional Biobanks in their research.
The model resulted in a similar analytical and statistic
performance to those reported by Pabinger*” even with
a different D-dimer assay. This indicates a large clinical
applicability of the proposed model.*®

Clinical suspicion with an elevated D-dimer level in
cancer patients can assist in the diagnosis of a VTE as in
the case of PE;*’ a study showed that patients with unsus-
pected PE had elevated D-dimers similar to those found
among cancer patients with suspected PE.*” However,
other studies gave different accounts. By researching the
predictive value of D-dimer of thrombosis in 67 patients
with cervical cancer, it was shown that a statistically sig-

nificant relationship between the levels of D-dimer and the

stage of cervical cancer existed, but no significant associa-
tion with PTP. Specificity and positive predictive value of
the D-dimer assay used in this study is reduced in cancer
patients.*®

It is possible that the incidence of VTE is overestimated,*’
because the current D-dimer reference ranges is at (0
+0.5 mg/L, 500 ng/mL) and almost all cancer patients already
exceed these limits. Therefore, these references are unsuitable
for cancer.*” A cutoff value of D-dimer level at 981 ng/mL had
effectively improved the exclusion of DVT by increasing the
specificity from 61.82% to 85.45% without the loss of sensi-
tivity in patients aged 40 years or younger based on a research,
which included 711 cancer patients.>

In contrast, another study** found by using ELIZA test-
ing of D-dimer at a cutoff value 0.5 ug/mL, that the differ-
ence in mean D-dimer levels between patients with VTE
and patients without VTE was lowest in patients with lym-
phoma. A negative D-dimer test cannot safely exclude VTE
in lymphoma patients, and suggested lowering the thresh-
olds to detect VTE in both lymphoma and leukemia.** This
study** was carried out in two independent cohorts of
cancer patients, who visited the A&E of Anderson Cancer
Center, USA in the period (01.01.2009-31.12.2012), and
the A&E of King Hussein Cancer Center, Jordan in the
period (01.01.2009-31.12.2015).**

A study®' involving 1178 cancer patients who were
included in CAT study, showed that the high level of
D-dimer is not necessarily mediated by an increased risk
of VTE, but rather an indication of a more aggressive
tumor biology and was associated with a poor overall
survival.’' The mortality risk in patients with an elevated
D-dimer remained independently increased in different
subgroups after adjustment for age, sex, and VTE.>' An
elevated D-dimer can be biochemically significant in pre-
dicting metastasis and progression in breast, gastric, pan-
creatic, colon and rectal cancer patients.>?

Unprovoked VTE is related to a higher incidence of
occult cancer.”® Approximately 20% of all new cases of
VTE are associated with the presence of an underlying
A study™ which enrolled 422 first lifetime
VTE; 239 DVTs and 183 PEs with a 4.7 years follow-
up, found that there was a higher rate of cancer-incidence

Cal’lCSI’.54

at D-dimer >5000 ng/mL and the risk of cancer was
3.3-fold at D-dimer >5000 ng/mL than those who had
D-dimer < 2000 ng/mL. At the time of cancer diagnosis,
80% of subjects with D-dimer >5000 ng/mL and 20%
D-dimer < 2000 ng/mL had some degree of metastasis.
Lung (29%), prostate (21%), and hematological cancers
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(14%) were the most common sites for establishing can-
cer diagnosis within one year.>*

Another study,”® which followed up 169 patients with
unprovoked VTE for 5.3 years found that 21/169 were
diagnosed with cancer during initial hospitalization, with
3/169 being diagnosed after discharge with a median dura-
tion 104 days. 16 of the 24 diagnosed cancer patients had
metastatic cancer. Elevated D-dimer concentrations >4000
ng/mL are independently associated with the likelihood of
occult cancer in unprovoked VTE and a likelihood of
metastatic state at the time of cancer diagnosis.”® The
home message is that elevated levels of D-dimer could
be used as a surrogate biomarker to indicate the presence
of an occult cancer or a future occurrence of cancer in

cases of unprovoked VTE.>*

Imaging Techniques Used in
Diagnosing DVT
Contrast venography was the gold standard for DVT diag-
nosis, which assessed both distal and proximal deep veins
of the lower extremity.’®>> Advances in technology has
permitted that currently, compression ultrasonography
(CUS) is the first-line imaging test being used in
a suspected DVT and helped sometimes if available by
color flow duplex.?®?”-*? Therefore in other centers, Color
Doppler (CD) has become the first line in investigating
DVT.?>"° CD assesses calf veins easier and could be used
to diagnose PTS.”’ Imaging also helps in prognostic eva-
luation by determining the extent of the upper part, the
attachment to the wall and age of the thrombus.>®

CUS also measures residual vein thrombosis (RVT),
which like D-dimer, has been proposed to control the
duration of anticoagulation in general,”® and individualize
treatment of DVT and prevention of recurrence in cancer
patients.”® RSV has the superiority of being neither
affected by factors acting on D-dimer, nor requires inter-
rupting anticoagulation therapy.”® RVT could be used to
identify a substantial subset of patients, who require
a short term antithrombotic treatment; the DACUS study
identified at least 78 (30.2%) of the enrolled 258 patients
with unprovoked DVT, who had an absence of RVT in
CUS control after a 3-months therapy with VKA.>® The
Extended DACUS Study;*® which excluded patients with
cancer or known thrombophilia and enrolled 518 patients
with idiopathic lower limbs DVT, also showed that treat-
ment with VKA can be stopped for patients with no RVT

measured at 3 months-therapy. This approach has a low
risk of recurrence and a negligible risk for bleeding.®®

In the Cancer-DACUS study,’” 30.3% (105 patients) of
the 347 enrolled cancer patients with DVT had a complete
resolution of the clot after 6 months of treatment with Low
Molecular weight Heparin (LMWH) and only 3/105 devel-
oped recurrent VTE.>® Because cancer patients have a high
risk of developing VTE, 14% per year risk of VTE
recurrence’® and a major risk of hemorrhages, RVT mea-
sured at the end of 6 months of anticoagulation is prog-
nostic for recurrent VTE and defines a group of patients at
low risk of recurrence, therefore the extension of antic-
oagulation therapy is not necessary.

In the Limited CUS only the proximal deep veins of
the lower extremity (ie popliteal veins or more proximal
vessels) are assessed. If this type is repeated after 5 to 10
days following an initial negative proximal CUS then it is
called a serial CUS. A Whole-leg CUS is a single exam-
ination of the distal and proximal deep veins of the lower
extremity in the same setting.?¢~2%32-01

PTP by Wells' score, expertise, cost, feasibility were
among the important factors to determine which CUS
protocol was being used.”® The clinical relevance and
anticoagulant treatment strategies of IDDVT is a major
factor in debating US strategies and IDDVT will determine
the future of whole-leg CUS (The Guidelines and
Algorithms).*® The serial CUS could be dropped alto-
gether and no need for a whole-leg CUS;®' symptomatic
VTE occurred in less than 1% in the study of Mitsunaga
MM et al®' after an initially normal single proximal CUS,
and a whole-leg CUS has limitations in the diagnostic
performance at the calf level and some of the positive
findings might even be false positives.®’ But high risk
groups; previous VTE and/or an active malignancy, and
recent hospitalization/major surgery and/or immobiliza-
tion, should be treated differently.®’

In the consensus report,>* the panel concluded that
a single complete imaging study is the safest strategy for
the diagnosis of DVT and that a complete duplex ultrasound
(CDUS) is the preferred venous ultrasound test for the
diagnosis of acute DVT.>? The panel recommends against
the limited protocols for numerous reasons,>? which are
carrying
a second limited CUS is difficult, time consuming, costly

also supported by Robert-Ebadis review;*®

and because it is still only focusing on the proximal veins
and neglecting the distal veins,? it reveals a proximal DVT
in only 1% to 5.7% (1.9%—12.8%).2%3% Also, unintended
omission of the follow-up ultrasound study because of
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patient compliance can occur and lead to missed
diagnosis.** The advantage of a whole CUS is that it can
detect the IDDVT; studies employing this protocol reported
higher detection of DVT because of DVT of the distal
calf.®!

This review is in favor of performing a whole-leg CUS and
in favor of establishing the diagnosis of IDDVT (The guide-
lines and Algorithms). IDDVT may play a role in the patient’s
ultimate outcome such as risks for recurrent DVT, APS,
undiagnosed thrombophilia, subsequent diagnosis of cancer,
chronic venous insufficiency etc.** The adoption of a complete
CUS examination will simplify the workup and follow-up of
most patients.”®*? Also, it allows detailed assessment for
alternate diagnoses, many of which (such as a muscular hema-
toma) can be worsened by anticoagulation.”” The panel’s
recommendations in the consensus report>> are more compa-
tible with the ASH guidelines rather than NICE guidelines.

Conclusion

VTE is a complex disease, the third leading vascular dis-
ease and has a high economic impact. Finding dependable
algorithms for management is a must, but they are cur-
rently non-ideal and multiple. Also, they have limitations
in patients who are pregnant, elderly, on anticoagulants,
having cancer and/or recurrent VTE. Unifying the used
Wells’ score between countries and applying 3 risk strati-
fication Wells' criteria for DVT may decrease the inci-
dence of missed DVT diagnosis. Also, modifying the
current Wells' score by changing the risk factor from
“Previously documented DVT” to “Previously documen-
ted DVT and/or PE” may increase its performance. This
cautious suggestion warrants further studies.

A highly sensitive D-dimer maybe used to exclude DVT
in low or moderate PTP groups. But there are many precli-
nical variables, which require consideration in interpreting
the D-dimer test including factors that may lead to a negative
result; anticoagulation therapy, small thrombi, deficiency in
the fibrinolysis, etc. This case revealed the clinically relevant
limitations of D-dimer testing. Therefore, referring patients
with moderate PTP to imaging regardless of the result of
a high quality D-dimer testing could be justifiable.

Although, D-dimer testing for detecting VTE in cancer
patients has limitations at the current cutoff value 0+0.5 mg/
L, and if the level is elevated, it could simply reflect the
malignancy itself rather than VTE, very high levels of
D-dimer in unprovoked VTE justifies excluding cancer at
the time of VTE presentation or at least a 1 year follow-up.
This cautious suggestion necessitates additional studies.

Diagnosing IDDVT is warranted because it is
a frequent medical condition and it may lead to the diag-
nosing of APS, thrombophilia, cancer or recurrent DVT.
Therefore, when imaging is indicated to exclude DVT or
to identify an alternative diagnosis, referring the patient to
a single complete CUS study of the lower limb is the
safest strategy. Also, it is in accordance with the recom-

mendations from the Society of Radiologists in 2016.*
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