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Introduction

Deep-vein thrombosis

Abstract

The requirement for a safe diagnostic strategy of Deep Vein Thrombosis
(DVT) should reach an overall objective post incidence of Venous
Thromboembolism (VTE) of less than 1% during 3 months follow-up. The
combined use of Complete Compression Ultrasonography (CCUS) followed by
D-dimer testing and clinical score assessment safely rule in and out DVT. A
negative ELISA VIDAS safely excludes DVT and VTE with a NPV between 99
and 100% and a low clinical score of zero. The combination of low clinical score
and a less sensitive D-dimer test (Simplify) is not sensitive enough to exclude
DVT and VTE in routine daily practice. Complete recanalization within 3 to 6
months and no reflux in one third of post-DVT patients is associated with a low
or no risk of PTS obviating the need of MECS 6 months after DVT. Incomplete
recanalization after 3 to 9 months due to valve destruction has been documented
in two third of post-DVT patients. Absence of residual vein thrombosis (RVT =
partial recanalization) at 3 months post-DVT and no reflux is predicted to be
associated with no recurrence of DVT (1.2%) during follow-up obviating the
need of wearing medical elastic stockings and anticoagulation at 3 to 4 months
post-DVT. The presence of RVT or reflux at 3 months post-DVT is complicated
by a high risk of DVT recurrence of about 30% and associated with induction
and aggravation of symptomatic PTS indicating the compelling need to resume
and extend anticoagulation with Direct Oral Anticoagulants (DOACS). We
addressed four unanswered questions in the treatment of DVT and PTS. Which
DVT patient has a clear indication for long-term compression stocking therapy
to prevent PTS after the initial anticoagulant treatment in the acute phase of
DVT? Is 3 months the appropriate point in time to determine candidates at risk to
develop DVT recurrence and PTS? Which high risk symptomatic PTS patients
are in need to extend anticoagulant treatment with DOACs.

Keywords: Deep venous thrombosis ; Ultrasonography ; Post-thrombotic
syndrome ; ELISA D-dimer ; Medical elastic stockings ; Anticoagulation

(Simplify) by the combination of a negative CUS and low clinical
score is not safe enough mainly because the prevalence of DVT in
the low clinical score group varied widely (3% to 12%) [5,9]. After

A normal quantitative ELISA VIDAS D-dimer test (cut-off
<500 ug/L) was reported to have a 100% sensitivity when compared
with phlebography in two studies [1,2]. In large prospective studies
of outpatients with suspected Deep Vein Thrombosis (DVT),
the sensitivity varied between 98% and 99.9% in 2239 patients,
irrespective of clinical score [3-5]. In two large outcome studies,
the sensitivity of a normal turbidimetric assay (Tinaquant, cut-off
<500 ug/L for the exclusion of DVT varied from 91% to 98% and
the specificity from 44% to 51% [4-6]. The qualitative D-Dimer test
SimpliRed has a sensitivity of 89%, a specificity of 77% and a NPV of
96% for the exclusion of DVT [7]. Similarly, the quantitative ELISA
VIDAS test at a cut of level of 1000 ug/ml has a sensitivity of 88% to
89%, a specificity of 56% to 68% and a NPV of 96% [8-10].

The general application of DVT exclusion by a negative SimpliRed

a first negative CUS the prevalence of DVT is uniformly low, 2% to
3%5-11. Consequently, the combination of a first negative CUS and
a D-dimer level of ELISA VIDAS <1000, Tinaquant <800 ug/ml or
negative SimpliRed (Simplify) will exclude deep vein thrombosis with
a NPV of more than 99% in 4 prospective outcome studies!™!"'*l. A
moderate to high probability in combination with a increased ELISA
D-dimer (VIDAS >1000 or Tinaquant >800 ug/ml) or a positive
qualitative D-dimer (SimpliRed or Simplify) should be followed by a
second CUS of the legs after one week to detect a thrombus in about
3% to 10% of patients with suspected DVT [8,9,11-14].

Deep vein thrombosis and the post-thrombotic syndrome

After initial thrombosis, lysis of the leg vein clot (thrombus)
immediately starts at time of anticoagulation. Propagation of the
thrombus also occurs; the two processes occur simultaneously,
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Table 1: The Rotterdam objective scoring system for grading the risk and severity
of PTS during the first two years post-DVT based on prospective studies [20-25]:
therapeutic implications.

Objective score

Complete recanalization at 3 or 6 months and no reflux

Incomplete recanalization at 6 and 12 months

Complete recanalization after 6 months and reflux

Incomplete recanalization after 6 months and reflux

Obstruction after 1 year without or with reflux

Normal D-dimer after discontinuation of anticoagulant therapy

W o N NPk = O

Increased D-dimer after discontinuation of anticoagulant thereapy

Clinical score PTS:

Absent 0

Mild 1

Moderate 2

Total Rotterdam score 12

Score versus: Therapeutic implication

Score 0 at 6 months: No MECS and no anticoagulant treatment (ACT)

Score 1 to 4 at 6 months: MECS and discontinuation ACT

Score >4 and nonmal MECS randomization ACT versus no ACT

D-dimer:
Score >4 and abnormal | MECS and continuation of ACT according to the
D-dimer: PROLONG
Plus Study

Designed by Michiels

whereby recanalization and the formation of a new thrombus are
competing processes. Recanalization may be completed after 3 to 6
months without reflux or may be delayed up to more than 1 year with
a high incidence of reflux development and DVT recurrence [15,16].
During these processes venous valves are destroyed in the majority
of post-DVT patients and residual obstruction of the vein persisted
in about 10% [17]. Loss of valve competence leading to Ambulatory
Venous Hypertension (AVP) and diversion of venous flow through
incompetent perforans veins appear to play an important role in the
development of late complications of the Post-Thrombotic Syndrome
(PTS) [15,16]. Anatomic studies have described the most distribution
of venous valves to be a single valve in the Common Femoral Vein
(CFV) above the sapheno-femoral junction, a relatively constant
deep valve just before its termination in the CFV, three to four valves
in the superficial femoral vein with relatively constant locations at
the mid-thigh and adductor canal, one or two valves in the Popliteal
Vein (PPV) and one to two valves with the terminal 2 to 2 cm of the
Greater Saphenous vein (GSV). Among the calf veins, the Popliteal
Vein (PPV) appears to be of primary importance in the development
of the post-thrombotic syndrome, by virtue of both its importance
in the calf muscle pump and its communications with the posterior
arch vein. Meissner et al. studied the relationship between complete
recanalization (lysis time) and the development of reflux in patients
with a first episode of DVT at 3 months interval during the first year
[15]. Duplex criteria for complete occlusion were defined as the
absence of detectable flow, either spontaneous or with augmentation,
in an incompressible venous segment. Partial occlusion was
defined as normal or diminished flow either spontaneous or with
augmentation, in an incompletely compressible venous segment.

Complete resolution (lysis) of the leg vein clot (recanalization) was
presumed to have occurred when spontaneous phasic flow returned
and the vein was completely compressible [15]. Flow detected after
distal augmentation in a completely compressible vein as accepted
as evidence of complete recanalization (lysis of the leg vein clot). The
median time from DVT to complete recanalization (lysis time) was
about 3 months (100 days) for patients without reflux in all segments.
In contrast, the median time from DVT to complete recanalization
(lysis time) of all segments was about 9 to 12 months (more than
6 months) for DVT patients who developed reflux as the main
determinant of PTS. In the study of 123 legs with DVT (107 patients)
by Markel et al, about two third of the involved legs had developed
valve incompetence [16]. The distribution of reflux at the end of the
first year follow-up in this study was the following: popliteal vein,
58%, superficial femoral vein, 37%, greater saphenous vein, 25% and
posterior popliteal vein, 18%. Reflux appeared to be more frequent in
the segments previously affected by DVT [16].

From these two prospective clinical research studies [15,16]
it may be concluded that complete recanalization within 3 months
and no reflux is associated with a low or no risk of PTS obviating
the need of MECS at 3 months after DVT (Table 1). On the other
hand, partial and complete recanalization at 6 to 12 months is usually
complicated by reflux due to valve destruction. Reflux seems to
be a main determinant for not only for PTS and but also for DVT
recurrence, the latter as a main contributing factor in worsening PTS.
This hypothesis is supported by the relation between the persistent
residual vein thrombosis (RVT = partial recanalization) and the risk
of VTE recurrence in two prospective studies [18,19]. In a prospective
outcome study, RVT at 3 months post-DVT was absent in 30%, which
was associated with low recurrence of DVT (1.2% patient/years)
during two years follow-up [18]. The presence of RVT at 3 months
post-DVT was associated with a DVT recurrence rate of 27% during
two years follow-up after discontinuation of anticoagulant treatment
[18]. The proportion of provoked vs unprovoked DVT was 64% and
36% in patients with complete recanalization within 3 months and
23% vs 77% in the patient with RVT (incomplete recanalization)
at 3 months post-DVT indicating that the distinction provoked vs
unprovoked DVT is artificial in terms of risk on DVT recurrence.

In a prospective study of 313 consecutive DVT patients, Prandoni
et al. have shown that RVT at any time post-DVT is a risk factor for
recurrent VTE [19]. In this study, CUS of the common femoral and
popliteal veins was performed at 3, 6, 12 24 and 36 months post DVT.
The cumulative incidence of normal CUS (no RVT) was 39%, 58%,
69% and 74% at 6, 12, 24 and 36 months post DVT respectively. Of
58 VTE recurrent episodes, 41 occurred at time of RVT. The hazard
ratio for recurrent VTE was 2.4 with persistent RVT versus those with
earlier complete vein recanalization [19].

Scoring systems for PTS

The fundamental pathophysiologic disturbance with severe leg
symptoms or sign after distal and proximal DVT is sustained venous
hypertension, which can be measured with invasive venous pressure
measurement (ambulant venous pressure: AVP). AVP can be
regarded as the gold standard, since it directly measures the pressure
in the venous system of the lower extremity. This technique requires
special equipment, is invasive, time consuming and cumbersome and
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Table 2: Scoring system according to Prandoni for the assessment of post-
thrombotic syndrome in the early period 3 to 12 months post-DVT known as the
Vilalta score [29-31].

Subjective symptoms Objective signs

Heaviness Pretibial oedema
Pain Induration of the skin
Cramps Hyperpigmentation
Pruritus New venous ectasia

Paraesthesia Redness

Pain during calf compression

Ulceration of the skin (= severe)

Each sign or symptom is graded with a score as 0, 1, 2, or 3.

(0 = absent, 1 = mild, 2 = moderate or interference with daily life and work, 3 =
severe or invalidating.

The presence or absence of leg ulcer has to be noted.

Definition of post-thrombotic syndrome according to Prandoni (Vilalta

Absent: score <4

Mild-to-moderate: score between 5 and 14 at 2 consecutive visits

score >15 at 2 consecutive occasions or ulcer at 1

Severe: .
occasion

therefore only suitable for basic research and scientific studies.

Identification of no, early and late PTS in patients after a first
or recurrent DVT is not reflected by the CEAP classification and
remains a challenge for clinicians and phlebologists. Several means
of measuring and classifying the early clinical signs and symptoms
of PTS and its long-term sequelae of PTS exist. Most scoring
systems for PTS are based on the presence or absence clinical signs
and symptoms during the first year post-DVT and typical signs of
CVI one or few years later. At least five definitions for early and/
or late PTS exist for the early or long-term complications after an
episode of documented DVT. For the prevention and management
of PTS, it is crucial that the natural history and treatment outcome
of the disease should be documented by additional objective tools
including Residual Vein Thrombosis (RVT) on DUS, and reflux and/
or obstruction on color ultrasonography [20-25]. At the baseline visit

the clinicians should carefully examine the patient’s leg to classify the
clinical category and to assess the severity of early PTS or late Chronic
Venous Insufficiency (CVI) using the different scoring systems. The
five scoring systems including the clinical classifications by Brandjes
et al. [24] and by Prandoni et al. (known as the Vilalta score, Table
2) [25-28]) for early signs and symptoms of PTS during the first year
post-DVT, and the CEAP (Table 3), Widmer and VCS classifications
(Table 4) to assess various degrees CVI as late onset sequelae of PTS
(Tables 2,3,4) [29-31]. Three objective classifications for PTS have
been used by dermatologists and phlebologist the CEAP (Clinical-
Etiology-Anatomic-Pathophysiologic, Table 3) [26] Widmer et al.
(Table 4) [27] and the Venous Clinical Severity (VCS) score (Table
4) [28]. Clinical symptoms of PTS occurs in about half of the patients
within one year post-DVT when the subjective clinical Villalta
scoring is applied, which may vary from considerably from subjective
complaints without objective PTS to a broad range of scarcely visible
skin changes, pigmentation changes, pain, discomfort, venous
ectasia, edema, and ulceration. A Dutch study prospectively evaluated
the incidence and severity of PTS in 93 DVT patients under careful
clinical survey using the CEAP classification and confirmed previous
studies that half of DVT patients do develop PTS [32]. The cumulative
incidence of PTS in that articular increased from 49% after one year
to 55% and 56% after 2 and 6 years, but class 5 and 6 (healed) ulcers
did not occur while on treatment with MECS.

Prevention of DVT recurrence and PTS

Palareti et al. and other studies showed that normal versus
increased D-dimer levels one month after discontinuation of regular
anticoagulation is associated with an incidence of about 5% pt-years
and 10 to 15% pt/years respectively [20-22]. This difference was
independent from other factors like thrombophilia or residual venous
occlusion [31,32]. In the PROLONG study, extended anticoagulation
reduced the risk of DVT recurrence from 11% patient/years to less
than 2% patient/years, whereas the incidence of DVT recurrence was
still increased, 4.4% patient/years, in post-DV'T patients with a normal
D-dimer (Simplify) [23]. These data has to be interpreted in view of
two other key observations: first the incidence of DVT recurrence

Table 3: Clinical-Etiology-Anatomic-Pathophysiologic (CEAP) classification after DVT in patients with signs and symptoms of the post-thrombotic syndrome [26].

Classification Symptom
CO (C =clinical) No visible varicose veins
C1 Spider or reticular veins
c2 Varicose veins
C3 Oedema
Cda Pigmentetion or eczema
C4b Lipodermatosclerosis or atrophie blanche
C5 Skin changes with healed ulceration
C6 Skin changes with active ulceration
S Symptomatic, including aches, pain, tightness, skin irritation, heaviness, muscle cramps, and other complaints attributable to venous
dysfunction
A Asymptomatic
C = Clinical symptom
E = Etiology Post-DVT
A = Anatomic distribution Deep, perforator, or superficial vein, alone or in combination
P= Ze;/tgf(zﬂxziglogic Reflux or obstruction, alone or in combination
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Table 4: The Venous Clinical Severity (VCS) Score system of PTS or CVI [28].

Attribute Absent =0 Mild =1 Moderate = 2 Severe =3
None
Occasional, not
Pain restricting activity or
requiring analgesics Daily, moderate _
I . Daily, severe
. activity limitation, occasional - L .
Few, scattered: . limiting activities or requiring
None : analgesics
branch varicoe regular use of
veins . analgesics
Varicose veins Mgltlple. G.S Extensive: thigh
’ varicose veins
Evening ankle ) and calf or GS
None confined to calf
oedema only or thiah and LS
9 distribution
Afternoon oedema, above E . L
Venous oedema ankle Morning oedema above ankle and requiring activity
change, elevation
Diffuse, but Wider distribution (above lower
Non or focal, Lo
: . limited in area . . 1/3) and recent
low intensity Diffuse over most of gaiter : )
and old (brown) . pigmentation
_— . (tan) distribution(lower 1/3) or recent
Skin pigmentation ) :
pigmentation (purple) .
e Entire lower
Moderate cellulitis, involves most of ;
; third of leg or
. . gaiter area (lower 1/3)
Mild cellulitis, more
None - >2
limited to
Inflammation marginal area >2
>3mo, <1yr
around ulcer
0 1 Not healed > 1 yr
No. of active ulcers <3 mo Z.m 6cm > 6 cm diameter
. . None diameter : .
Active ulceration, . Full compliance: stockings +
) Wears stockings :
duration elevation
. . ’ most days
Active ulcer, size None < 2 cm diameter
Compressive therapy Intermittent use
Not used or not of stockings
compliant
GS: Greater Saphenous; LS: Lesser Saphenous
after complete recanalization within 3 months and no reflux is very
low [15,16,18]. Second the incidence of PTS in the control arm of Months(M) DUS Months Years PTS CEAP score
two randomized clinical trials was about 50% within 6 months and 3/6 3 & 1 2 3 >4
did not significantly increase thereafter, whereas MECS decreased the All post DVT Study arm 1 = 50% At1103 months

incidence of PTS from around 50% to 25% after two years follow-up
[24,25]. This may implicate that DVT recurrence in those patients
with either a normal or increased D-dimer do occur in those with
incomplete or complete RVT after 6 months with reflux (Table 1).
The hypothesis in Table 1 that the Rotterdam scoring system for
PTS will have therapeutic implications has to be tested by the use of
objective measurements of RVT and reflux related to clinical score for
PTS in prospective management and outcome studies.

Follow-up studies of patients one and two years after an episode
of DVT are recommended. Complaints, clinical signs of PTS using
objective scores for PTS and CEAP score measurement, and especially
pre-tibial edema are to be investigated. In general, DVT patients are
instructed to use the MECS directly at time of symptomatic acute
DVT and discontinued at time of complete recanalization and
absence of PTS at any time post-DVT [24,25]. In retrospect however,
about half of the DVT patients do not develop PTS after one year
obviating the need of wearing MECS lifelong [33]. Consequently,
a duplex ultrasound should be performed at 1,2,3 and 6 months to
one year and two years post-DVT, to determine whether there is still
a need for wearing MECS and if additional treatment is necessary
in cases of symptomatic PTS. If no pathologic changes remain
(complete recanalization, no reflux the venous system functions

Re-canalization, no PTS, no reflux: no stockings

patients (100%)
Anticoagulation stop D-dimer strategy at 6 month

Compression

Therapy Study arm 2 Al 3 to 6 months partial recanalization
; reflux, and or partial recanalization andiorminor PTS

b g for 1 to 2 years.

Medical Elastic " ol

Comprassion
Stockings:MECS Study arm 3 PTS at 6-12 Months
} Reflux, increased venous
Ewvaluation Pressure - Stocki
for PTS: Prandoni

Anticoagulation >2 yrs
Orlife long
Stockings on

Study arm 4 10% inati
Scoreat1, 3 6,9 Oba N Indication to prevent
and 12 months 3 Stockings DVT recurrence / PTS

Figure 1 : The European DVT - PTS Bridging the Gap study design 2014-
2017 designed by Michiels Moossdorff and Neumann [34,36].

normally and no PTS exist or will occur, the MECS do not need to
be worn any longer and the asymptomatic patient can be discharged
from the follow-up (Figure 1) [33]. We propose a prospective
randomized clinical outcome study in patients with acute DVT with
a PTS follow-up documentation at 1,3,6 and 12 months post-DVT
with subsequent outcome for 4 to 5 years. Patients with provoked
and unprovoked DVT at time of diagnosis are included. All provoked
and unprovoked DVT patients will according to the standard
immediately receive anticoagulant and compression therapy. In case
of pronounced oedema, compression therapy will consist of short
stretch bandages until the oedema is relieved. In case of minor or no
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Management of DVT and prevention DVT recurrence
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Distal CVT: DOAC BID=QD for 3 to 6 months,
Prox. DVT: DOAC BID for >6 months
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Figure 2: D-dimer strategy according to the PROLONG[23] and DULCIS[35]
studies for the duration and extension of anticoagulant treatment in post-DVT
patients on top of objectie risk stratification in Table 1 [34,36].
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Figure 3A: Meta-analysis of 3 to 6 months acute VTE treatment comparing
VKA against each of the DOACs for VTE recurrence vs MAJOR or CRNM
bleeding [38]. VTE versus CRNM bleeding rates (Hazard Ratios: 95% CI)
compared to VKA in patients 3 to 6 months treated in Einstein DVT and PE
with Rivaroxaban 15 mg BID (3 weeks) then 20 mg QD; in Recover | and Il
with Heparin Dabigatran 150 mg BID; in AMPLIFY VTE with Apixaban 10mg
BID (7days) then 5 mg BID; and Hokusai-VTE with UFH Edoxaban 60 QD (or
30 mg QD adjustment).

Figure 3B: Lower figure VTE versus CRNM bleeding rates (Hazard ratios:
95% CI) compared to placebo in patients treated in AMPLIFY extension with
Apixaban 2.5 mg BID or 5 mg BID: in RE-SONATE with Dabigatran 150 mg
BID: and in Einstein extension with Rivaroxaban 20 QD.

oedema, compression therapy with MECS will be prescribed. MECS
should be “flat knitted” stockings pressure class II and if complicated
by oedema class III with a high resistance coeflicient [33]. Objective
documentation will consist of phlebology controls, duplex
ultrasound imaging and ambulant venous pressure measurements
(when indicated) and will take place at 0,1,3,6 and 12 months and
subsequently every year. Based on these objective measurements and
assessments, DVT patients will be risk stratified at 6 months post-
DVT for continuation or discontinuation of compression therapy
with MECS according to the study design.

Erasmus DVT diagnosis and DVT recurrence prevention
study design

In view of all of the above we designed the Erasmus study to
prevent DVT recurrence and PTS with MECS (Figure 1).

Study arm 1. Post-DVT patients with complete re-canalisation
at 3 months, no reflux, and asymptomatic (no PTS) will not continue
MECS, stop anticoagulant treatment, and will be remained in follow-
up for at least 4 years.

Study arm 2. Post-DVT patients with reflux but normal venous
pressure (no venous hypertension) and no PTS will be randomized
for MECS vs no treatment for 2 years.

Study arm 3. Symptomatic Patients (PTS) with partial or complete
recanalization but with reflux and increased venous pressure (venous
hypertension) will receive compression therapy (MECS) for 2 years.
After 2 years randomization will take place for continuation vs.
discontinuation of MECS for another 2 years.

Study arm 4. All patients with obstruction on duplex ultrasound
imaging (no re-canalisation) will receive compression therapy
(MECS) for 2 years. After 2 years a randomization will take place
for continuation and discontinuation of MECS for at least another
2 years.

PTS patients in study arm 3 and 4 are to be treated according to
the PROLONG study™ if indicated according to the concept in Figure
1.

Evaluation procedures at time of inclusion 1 month and 3
months after DVT

Evaluation of clinical findings and details of positive echogram
for DVT from the records of various hospitals or medical diagnostic
centers where the diagnosis of DVT was made Blood collection
(plasma, serum and DNA samples in deep freezer) for risk factor
evaluation in retrospect.

Evaluation at time points 1 month, 6 months, 1 year, and
2 years post-DVT

1. Complete analysis for PTS according to the combined use
of subjective Prandoni (Villalta, Table 2) score and according to
objective CEAP score (Table 3).

2. DUS colour at 3 and 6 months for assessment of the degree of
recanilization, reflux and obstruction

3. Allocation of PTS patients at 6 months to each of the four study
arms.

4. Randomization of study arm 2 at time point 6 months into no
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MECS versus MECS

5. At time point 2 years randomization of PTS patient’s arm 3 and
4 into MECS versus no MECS with the exception of those who need
active treatment for PTS based on objective measurements.

6. Repeat all measurements for PTS according to subjective
Prandoni (Vilalta) score, and according to the objective CEAP
classification, and assess the degree of recanalization, reflux and
obstruction by DUS and colour Doppler at 9,12,18 and 24 months
during follow-up.

Real life documentation of DVT patients and the need of
extended anticoagulation

All patients with provoked and unprovoked DVT will be treated
immediately with Direct Oral Anticoagulants (DOACs) for 6 months
(Figures 1 and 2). This duration of DOAC treatment is based on
risk stratification according to current recommendations [34]. All
DVT patients will undergo a complete evaluation for PTS at 3 and
6 months post-DVT. Four types of PTS at 6 months post-DVT are
distinguished depending on objective measurement criteria for PTS
(Table 2) and allocated to the four study arms of the study design
(Figures 1 and 2). DVT patients with delayed re-canalisation of veins
at 3 and 6 months post-DVT will be risk stratified and subdivided
in those without reflux and those with reflux on duplex ultrasound
imaging. DVT patients with no re-canalization (obstruction) at 6
months will undergo invasive testing according to the Rotterdam
approach. The diagnostic and treatment work-up of post-DVT
patients should follow the Rotterdam Approach to PTS in the setting
prospective randomized clinical outcome study with a follow-
up period of 1 to 2 years (Figure 1). Patients with DVT at time of
diagnosis are included. All acute DVT patients will according to
the standard immediately receive anticoagulant and compression
therapy. In case of pronounced oedema, compression therapy will
consist of short stretch bandages until the oedema is relieved. In
case of minor or no oedema, compression therapy with MECS will
be prescribed. MECS should be “flat knitted” stockings pressure
class II and if complicated by oedema class IIT with a high resistance
coeflicient. Objective documentation will consist of subjective and
objective PTS score assessments and duplex ultrasound imaging
(plus ambulant venous pressure measurements when indicated at
time of making a therapeutic decision) will take place at 1,3,6,9 and
12 months and subsequently every year. Based on these objective
measurements and assessments of PTS, DVT patients will be risk
stratified at 6 months post-DVT for continuation or discontinuation
of compression therapy with MECS and anticoagulation according
to the proposed study design followed by discontinuation when no
evidence of reflux obstruction or PTS symptoms are present.

Palareti et al. and other studies showed that normal versus
increased D-dimer levels one month after discontinuation of regular
anticoagulation is associated with an incidence DVT recurrence of
about 5% patient-years and 10 to 15% patient/years respectively [23].
This difference was independent from other factors like thrombophilia
or presence or absence of Residual Venous Thrombosis (RVT).
Such post-DVT patients with increased sensitive D-dimer after
discontinuation surely belong to the group of symptomatic post- DVT
patients at high risk to develop PTS (score >3, Table 2 integrated in
the algorithm [23,35]. In the prolong study, extended anticoagulation

in post-DVT patients with increased D-dimer above the upper limit
of normal will reduced the risk of DVT recurrence from 11% patient/
years to less than 2% patient/years, whereas the incidence of DVT
recurrence was still increased, 4.4% patient/years, in post-DVT
patients with a normal D-dimer on month after discontinuation of
regular anticoagulation (Figure 2) [23,34]. Similar results have been
produced in the DULCIS study using the standard cut off levels of
quatitative D-dimer assays [35]. DVT recurrence in those patients
with either a normal or increased D-dimer very likely do occur in
those with incomplete or complete recanalization of the leg veins
after 6 months with reflux score 3 or more (Table 1). This important
observation has been confirmed by Latella et al. [36] in a prospective
study of 305 DVT patients selected for quantitative ELISA D-dimer
(VIDAS) measurement 4 months post-DVT. Of these 305 post-DVT
patients 46% developed PTS (mild 25%, moderate 13%, severe 7%)
and 54% did not develop PTS during 24 months follow-up. Mean D
-dimer level measured 4 months post-DVT were significantly higher
in patients with PTS vs without PTS (712 vs 444 ug/L P= 0.02) [36].
At time of D-dimer measurement 213 were taken anticoagulants.
The PROLONG [23] and DULCIS studies [35] demonstrated the
need to continue anticoagulant treatment in post-DVT patients with
increased D-dimer level during anticoagulant treatment and when
D-dimer levels are above the upper level of normal one month after
discontinuation of anticoagulant treatment (Figure 2) [34-37].

Role of DOACs in acute DVT and prevention of DVT
recurrence anno 2018 and beyond

The 2016 CHEST 10th edition on new antithrombotic guideline for
treatment of Venous Thromboembolism (VTE) disease recommend
Direct Oral Anticoagulants (DOACs) over Vitamine K Antogonist
(VKA) for the initial 3 to 6 months treatment of patients with acute
DVT or Pulmonary Embolism (PE). The Randimized Clinical Trials
(RCTs) comparing DOACs versus VKA showed that DOAC:s are as
effective as VKA therapy with reduced risk of bleeding and increased
convenience for DVT and PE patients and for health care providers
[38]. Five meta-analyses on the indirect comparison of the DOACs
did show no significant differences in efficacy to prevent recurrent
DVT and PE (VTE) including death from VTE between apixaban
BID (twice daily), rivaroxaban OD (once daily) , LMWH-dabigatran
and adjusted LMWH=edoxaban (Figures 3,4,5) [38-43]. Apixaban 10
mg BID (7 days) then 5 mg BID compared to Vitamin K Antagonist
(VKA) in patients 3 to 6 months treated in the AMPLIFY study
appearsto be associated with sihnificantly less bleeding (superiority
in terms of major or Clinical Relevant Non-Major (CRNM) bleeds
compared with rivaroxaban 15 mg BID (3 weeks) then 20 mg OD in
the EISTEIN studies, Dabigatran 150 mg BID in the RE-COVER and
edoxaban 60 mg OD (oradjusted 30 mg OD) compared to VKA (Figure
3 upper part) in the treatment of acute DVT and PE [38]. Apixaban vs
VKA was in a similar indirect comparison of rivaroxaban vs VKA and
dabigatran vs VKA also associated with less major bleeding for stroke
prevention in patients with non-valvular atrial fibrillation (Figure 3)
[38]. This overall evidence in subsequent large phase III DOAC trials
and meta-analysis in two diseases VTE and AF is consistent [39-43].
Dabigatran inhibits thrombin (Ila) and apixaban, rivaroxaban and
edoxaban directly blocks circulating Xa. The biological half life times
of the Xa inhibitors apixaban, rivaroxaban and edoxaban is about 12
hours and do not differ significantly, but apixaban is administered
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Figure 4: Direct comparison of Hazard Ratios (HR) Apixaban (A) vs Dabigatran (D), Rivaroxaban (R) and Edoxaban (E); and Rivaroxaban (R) versus Dabigatran
(D) and Edoxaban (E) [40].

Table top. Results acute VTE treatment for 3 to 6 months (Hazard ratios: HR compared to VKA) in randomized clincal trials with Dabigatran 150 mg BID,
Rivaroxaban 15 mg BID 3 weeks then 20 mg QD; Apixaban 10 mg BID 7 days then 5 mg BID; and Edoxaban 60 mg QD or 30 mg QD adjusted in terms of recurent
VTE, major bleeding major or clinically relevant nonmajor bleeding and death [39].

Event Rate per 100 person-years Hazard Ratio (95% C1) pvalue

Apixaban ws. Warfarin

n=7,695 n=7,695 |
Major Bleeding 233 446 Lol | 0.45 [0.34 - 0.59) <0.001
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Figure 5: Forest plot depicting the hazard ratio for each paired propensity medication apixaban vs warfarin and rivaroxaba vs warfarin with regard to major
bleeding, intracranial bleeding and gastrointestinal bleeding in patients with nonvalvular atrial fibrillation [42].

Forest blot depicting the hazrd ratio for dabigatran, rivaroxaban and apixaban versus Oral Anticoagulation (OAC) with vitamin K antagonist for major or Clinical
Relevant Non-Major (CRNM) bleeding for major bleeding and CRNM in patients with nonvalvular atrial fibrillation [43].
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BID as opposed OD for rivaroxaban and edoxaban (Figures 3,4,5)
[38,40,42,43]. Theoretically, the Xa inhibitors apixaban, rivaroxaban
and edoxaban are expected equally effective in terms of VTE
reduction and bleeding complications compared to VKA when
dosed BID according to their pharmacokinetic and pharmacodymic
characteristics, it is repeatedly postulated that dosing differences of
BID for apixaban versus OD for rivaroxaban and edoxaban account
for the superiority of apixaban BID above rivaroxaban in terms of
major and CRNM bleeds (higher peak levels with OD as compared
to BID to reach equal efficacy in VTE reduction). This postulate has
been confirmed by the demonstration that both apixaban 5 mg BID
and 2.5 mg BID were superior to placebo (HR 1 to 2) as compared
to rivaroxaban 20 mg OD to placebo (HR 5). Consequently,
apixaban has been approved to become the first treatment option
for treatment of acute DVT, low risk Pulmonary Embolism (PE) and
extended anticoagulation for prevention of DVT recurrence (Leiden
University Medical Center, Dr Huisman personal communication
February 2017 and Guys and St Thomas Hospital London Dr Cohen
personal communications 2016 and 2017). A total of 3365 patients
were included in the extended EINSTEIN CHOICE study (median
treatment duration, 351 days) of Bayer Pharmaceuticals comparing
rivaroxaban 20 mg OD vs 10 mg OD against aspirin 100 mg during a
median treatment duration 351 days [44]. The primary VTE efficacy
outcome occurred in 1.5% of 1107 vs 1.2% of 1127 patients receiving
20 mg vs 10 mg OD of rivaroxaban respectively as compared with
4.4% of 1131 patients (4.4%) receiving aspirin (hazard ratio for 20 mg
of rivaroxaban vs. aspirin, 0.34;95% CI, 0.20 to 0.59; hazard ratio for
10 mg of rivaroxaban vs. aspirin, 0.26; 95% CI, 0.14 to 0.47; P<0.001
for both comparisons). Rates of major bleeding were 0.5% vs 0.4% vs
0.3% and the rates of Clinically Relevant Nonmajor bleeding (CRNM)
were 2.7%, 2.0%, and 1.8% in the group receiving 20 mg vs 10 mg
OD of rivaroxaban vs aspirin 100 mg respectively, but a control arm
was lacking [44]. The conclusion from the EINSTEIN CHOICE study
is that the efficacy/safety profiles of rivaroxaban 20mg vs 10mg OD
are equally effective but safer than aspirin but a control arm against
which extended rivaroxaban 10mg OD should have been assessed was
lacking. The conclusion of the Einstein Choice study DVT extension
study should be that the Hazard Ratio (HR) of 5 for Rivaroxaban 20 mg
OD vs placebo would not have been shortened by Rivaroxaban 10mg
OD in the metaanalysis of Cohen et al for extended anticoagulation
in figure 3. consequently, The Einstein Choice investigators should
come up with a direct comparison of Rivaroxaban 10mg OD vs 5mg
BID vs placebo. Large randomized clinical trials comparing the three
Xa inhibtors in FDA approved dosing each apart will not solve the
postulate that BID over OD for all Xa inhibitors is superior in terms
of major and RCNM bleeds. Frost et al showed in a randomized
direct comparison of the pharmacokinetics and pharmacodynamics
of apaxaban BID vs rivaroxaban OD that apixaban 2.5mg BID
demonstrated less intersubject variability in exposure, lower Area
Under the Curve (AUC), and higher trough and smaller peak-
to-trough fluctuations in plasma concentration suggesting more
constant anticoagulation compared with rivaroxaban 10mg OD
[45]. The clinical impact of these differences on the relative efficacy
and safety of apixaban and rivaroxaban remains to be determined.
The Pharmaceutical Research & Development (R&D) and Academic
clinical investigators are obliged to take full responsability to
reanalyse the precilinical and clinical basis research and dose findings

studies and to perform quality driven prospective direct comparisons
of rviaroxaban 20mg OD versus 10mg BID and edoxaban 60mg OD
versus 30mg BID in the treatment of acute DVT and PE; and to come
up with RCTs directly comparing rivaroxaban 20 mg OD versus 10
mg BID and edoxaban 30 mg OD versus 15mg BID in DVT and PE
extension studies for prevention of DVT recurrence and the post-
thrombotic syndrome. Based on equal efficacy and suprior safety
profile apixaban should be considered to become the first treatment
option for treatment of acute DVT, recebral embolic prevention atrial
fibrillation and extended anticoagulation for prevention of DVT
recurrence and PTS.

Take home message

A novel clinical concept for the assessment of acute Deep Vein
Thrombosis (DVT) and the Post-Thrombotic Syndrome (PTS) by
DUS in routine clinical practice at 1, 3 to 6 months. And at one year
post-DVT will separates post-DVT patients in 4 groups. Group 1:
rapid complete recanalization within 3 months, no reflux at 6 months
post-DVT, and no. PTS for which anticoagulation and MECS can be
discontinued at 6 month post-DVT. Group 2, no PTS with reflux of
the deep venous system and no PTS when wearing MECS for which
anticoagulation should be continued until re-evaluation at 1 year post
DVT. Group 3 and 4 PTS with reflux and incomplete recanalization
or obstruction at 6 to 12 months post-DVT are candidates for long-
term anticoagulation and MECS for at least 2 years or even longer to
prevent DVT recurrence to prevent progression of PTS. A large scale
prospective study is warranted to fine-tune and prove this concept.
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