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ABSTRACT

Clinical decision rules (CDR) have been established for patients with suspected first
venous thromboembolism (VTE). However given that pre-test probability, laboratory
testing and diagnostic imaging tests perform differently in patients with suspected re-
current VTE, a separate diagnostic management approach may be required. Our objec-
tive was to examine the possibility of using different clinical predictors for the diagnosis
of recurrent VTE in patients with suspected recurrent VTE. The REVERSE | study enrolled
patients with a first unprovoked major VTE. All suspected recurrent VTE events during
the follow-up of 646 patients were adjudicated. Potential clinical predictors of recurrent
VTE were collected at the baseline visit and at the time of the suspected recurrent VTE. In
total 376 patients with suspected recurrent VTE were enrolled. In patients with suspected
recurrent VTE (DVT and/or PE), male gender and a positive D-dimer result at the time of
suspected recurrent VTE, as well as symptoms starting less than 7 days prior to time of
presentation and DVT as previous event were predictors of recurrent VTE. In patients
with suspected recurrent DVT, male gender, the presence of leg swelling, warmth and
an elevated D-dimer at the time of suspected recurrent DVT were predictors of recurrent
DVT. In patients with suspected recurrent PE, male gender was a predictor for recurrent
PE. This study showed that predictors for the diagnosis of recurrent VTE may be different
than predictors for the diagnosis of a first VTE. This supports the hypothesis that a sepa-
rate CDR and diagnostic management strategy may be needed in this group of patients.
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INTRODUCTION

Venous thromboembolism (VTE) — which consists of deep vein thrombosis in the leg
(DVT) and pulmonary embolism (PE) - is common, potentially lethal yet treatable. The
accurate management of recurrent VTE is of high clinical importance. Concluding that
recurrent VTE is absent while it is not, exposes the patient to the risk of (fatal) pulmonary
embolism, while falsely determining that recurrent VTE is present, unnecessarily com-
mits patients to indefinite anticoagulant therapy with an associated risk of —potential
— fatal bleeding.' Clinicians are often confronted with patients with suspected recurrent
VTE, since 20% of all patients with suspected VTE have a history of previous VTE.*?
Clinical decision rules (CDR), such as the Wells models for lower extremity DVT and
PE, have been well established for patients with suspected first VTE. However these
rules may have limitations for patients with suspected recurrent VTE. First, patients
with suspected PE and a history of VTE have their diagnosis more likely confirmed than
patients with a suspected PE without a history of VTE (40.3 vs. 20.6%)*, suggesting a
different pre-test probability. Furthermore, patients who had a previous PE often have
complaints of chronic dyspnea,” which could complicate the risk estimation of recurrent
PE. A similar scenario arises for patients who suffered from a DVT, as 30-50% of patients
will show signs and symptoms of post-thrombotic syndrome (PTS) following this event.’®
Post-hoc analyses of diagnostic studies have been reassuring in terms of the safety of
ruling out VTE on the basis of a non-high pretest probability using the Wells’ or Geneva
rule in combination with a negative D-Dimer in patients with a previous history of VTE.*’
However, the proportion of patients in whom the diagnosis could be ruled out non-
invasively was very low: approximately 10%, as compared with 30% among all-comers
with suspected VTE.? Hence, because of different pre-test probability, the presence of
chronic symptoms after the previous VTE and the low diagnostic yield of current existing
clinical decision rules a different approach may be needed for effective pre-test esti-
mation of patients with a suspected recurrent VTE. Our objective was to study clinical
predictors of a confirmed recurrent VTE diagnosis in patients with a suspected event.

PATIENTS AND METHODS

REVERSE study

The REVERSE study was a prospective cohort study designed to derive a clinical decision
rule to identify patients at low risk for recurrent VTE after completion of 5-7 months of
anticoagulant therapy for a first unprovoked VTE.? Institutional research ethics board
approval was obtained at all participating centers. All consecutive unselected patients
seen in clinics by participating physicians for VTE follow-up at 12 tertiary care centers
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in four countries were asked to participate if they had:(i) a first episode of unprovoked
objectively proven VTE 5-7 months prior to enrollment initially treated with > 5 days of
heparin, followed by 5-7 months of oral anticoagulants (target International Normalized
Ratio 2-3); and (ii) no recurrent VTE during the treatment period. At the time the REVERSE
study was performed, all participating centers treated patients with a first unprovoked
VTE for at least 6 months, and none of them used compression ultrasonography (CUS)
to decide on treatment duration. A first unprovoked VTE was defined as VTE occurring
in the absence of a leg fracture or lower extremity plaster cast, immobilization for more
than 3 days, or surgery using a general anesthetic in the 3 months prior to the index VTE
event, and without diagnosis of malignancy in the prior 5 years at the time of enroll-
ment. Patients were excluded if they were unable or unwilling to consent, were under
the age of 18 years, had already discontinued anticoagulant therapy, required ongoing
anticoagulation for reasons other than VTE, were geographically inaccessible for follow-
up, or were being treated for a recurrent unprovoked VTE or a previously known high
risk thrombophilia, defined as known deficiency of protein S, protein C or antithrombin,
known persistently positive anticardiolipin antibodies (> 30 U mL), a known persistently
positive lupus anticoagulant or two or more known defects (e.g. homozygous for factor
V Leiden (FVL) or prothrombin gene mutation (PGM), or compound heterozygous for
FVL and PGM). Thrombophilia testing was not systematically conducted prior to enroll-
ment; patients were only excluded if their high risk thrombophilias were known (i.e.
identified prior to enroliment).

Figure 1 shows the order of this study and the moments of enroliment of the patients.
The unprovoked VTE event 5-7 months prior to enrollment in the REVERSE study was
referred to as ‘index event’. The visit for enroliment in the REVERSE study (5-7 months
after the index event) was regarded as the ‘baseline visit’ and patients were enrolled in
the current study during the follow up period (i.e. after the baseline visit).

5 - 7 months Follow - up

Index event Baseline visit Enroliment in current study
(First unprovoked (Moment of enroliment in (Suspected first adjudicated recurrent DVT and/or PE)
DVT and/or PE) REVERSE study and stop

of anticoagualant therapy)

Figure 1. Timeline of study patients

Baseline visit

During the baseline visit (5-7 months after the unprovoked DVT of the legs and/or PE)
the patients were interviewed with standardized case report forms. Imaging was per-
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formed in all patients, patients who had a DVT as index event received an ultrasonog-
raphyand patients with PE received V/Q scans at this visit. Furthermore D-Dimer testing
was performed using the Vidas D-dimer reagent on the Vidas Instrument (bioMérieux,
Marcy I'Etoile, France). No management decisions were made with the results of the
baseline visit.

Follow-up

After baseline imaging was obtained, patients were instructed to discontinue their
anticoagulant treatment and to contact study personnel if they developed symptoms
of recurrent VTE during follow-up. They were also seen in clinic at least every 6 months
and asked about signs and symptoms of recurrent VTE. No systematic imaging screen-
ing test for VTE was performed during follow-up. Patients with symptoms suggestive of
recurrent VTE underwent a standardized diagnostic strategy that included comparison
of imaging tests at the time of suspected recurrent event with imaging conducted at
baseline visit as previously described.® For the current sub-study, we only included the
first adjudicated suspected recurrent VTE during their follow-up to ensure statistical
independence of cases. Two of the co-authors (KG and MT), independent of knowledge
of final adjudicated outcome, extracted potential clinical predictors of recurrent VTE.
These potential clinical predictors were identified through a systematic review of the
literature (PROSPERO registration number: CRD42012002356). A case report form was
completed for all suspected recurrent VTE during follow-up. All documents related to
suspected recurrent VTE (clinical notes, laboratory results and imaging tests) were col-
lected and sent along with the local decision to the coordinating center. All suspected
symptomatic VTE events and deaths during follow-up were independently adjudicated
by two physicians.

Statistical analysis

All patients enrolled in the REVERSE study were eligible, if they had a suspected recur-
rent DVT of the leg(s) and/or PE during follow-up (regardless whether the previous
event was a DVT of the leg(s) and/or PE), sought medical attention for the suspected
recurrent event, had documentation about their first adjudicated suspected event and if
the patients might have died due to a (suspected) recurrent VTE. Univariate analysis was
used to determine the strength of association between each predictor and VTE recur-
rence. The appropriate univariate technique was selected according to the type of data:
for nominal data, the chi-square test with continuity correction; for ordinal variables,
Mann-Whitney U test; and, for continuous variables, the unpaired 2-tailed t-test, using
pooled or separate variance estimates as appropriate. To estimate the clinical strength
of an individual predictor, we calculated the odds ratio of the presence of a specific
predictor. We stratified our results for patients with suspected recurrent VTE in general,
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patients with suspected recurrent DVT and patients with suspected recurrent PE. All
statistical analyses were performed with SPSS 20 (IBM).

RESULTS

Between October 2001 and March 2006, 665 patients with a first unprovoked objectively
proven VTE were enrolled in the REVERSE study and 646 patients completed follow-up
and were analyzed. Figure 2 shows the flow chart of the current study. We screened all
646 patients enrolled in the REVERSE | study. Out of these patients, 402 patients pre-
sented with a suspected recurrent VTE during a mean follow-up of 20.2 months (range:
0 - 97 months). After screening, 376 patients were included in our study, 26 patients
were excluded because the death event was not related to a suspected recurrent VTE
(n=13), no information was available about the adjudication of the recurrent event (n=6),
because the suspected recurrent VTE event was related to a suspected thrombosis at
another site than the legs/lungs (n=5) and patients who mentioned during a follow-up

646 patients enrolled in
REVERSE 1 study

Y
402 patients with
suspected recurrent VTE
during follow-up

1. Total exclusion (n =26)

1. Death event not related to
thrombasis (n = 13)

2. No information available about
adjudication (n = 6)

3. Suspected thrombosis at another
site than the legs (n =5)

4 Didn’t seek medical attention for
suspected recurrent event (n = 2)

v
376 patients with
suspected recurrent VTE
enrolled

Figure 2. Flow chart enroliment patients
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visit that they might have symptoms of a recurrent VTE, but didn’t seek objective medi-
cal attention (n=2). Table 1 shows the demographic characteristics of the patients. The
mean age of participants was 53.1 years (SD £17.5), 52.7% were men and 97.7% were
outpatients when they presented with suspected recurrent VTE. Two-hundred and thirty
patients presented with suspected recurrent DVT (61.2%), 105 patients (27.9%) with a
suspected recurrent PE and 41 patients (10.9%) with a suspected PE and DVT. Over two
third (67.6%) of the patients with a suspected recurrent DVT had a suspected ipsilateral
recurrent DVT.

Table 1. Demographic characteristics.

All patients, N =376

n (%)
Female 178 (47.3)
Age, years, mean (SD) 53.1(17.5)
Caucasian ethnicity 347(92.3)
Index VTE
DVT 189 (50.3)
PE 111 (29.5)
DVT and PE 76(20.2)
First suspected VTE
DVT 230(61.2)
PE 105 (27.9)
DVT and PE 41(10.9)
Time from index to first suspected event, months, mean (SD) 26.1(22.0)
Outpatient n=349
341 (90.7)
Duration of symptoms before consulting physician, days, mean (SD) n=267
19.6 (78.1)
Suspected DVT in ipsilateral leg n=204
138 (54.3)

N: number; SD: standard deviation; VTE: venous thrombo embolism; PE: pulmonary embolism; DVT: deep
vein thrombosis

Predictors for VTE in patients with suspected recurrent VTE (DVT and/or PE)

Table 2 shows an overview of the results. Significant predictors for recurrent VTE (DVT
and/or PE) in patients with suspected recurrent VTE (DVT and/or PE) were male gender
(p <0.01,0R: 2.7 (95% Cl, 1.7-4.3)) and older mean age (p<0.05). Furthermore if the index
event was a DVT, patients were more likely to have suspected recurrent VTE confirmed
(p<0.01). The time between the index event and the suspected recurrence did not have
any significant influence. Concerning potential predictors from the baseline study visit,
a high BMI (above 26 kg/m2) was predictive for a confirmed diagnosis. The presence of
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residual thrombi on ultrasonography or V/Q during baseline imaging was not predictive
of having the recurrent VTE diagnosed at the time of suspected recurrent VTE. However
an elevated D-dimer test result at moment of suspected recurrence, an elevated base-
line D-dimer test prior to discontinuing anticoagulant therapy (cut-off > 250 ug/dl) and
change in D-dimer test result compared to baseline D-dimer test result were all related
to having recurrent VTE confirmed. Finally patients who presented within 7 days after
their symptoms onset were more likely to have the diagnosis confirmed (p< 0.05, OR: 2.1
(95% Cl, 1.2-3.9) than patients with longer term symptoms.

Predictors for DVT in patients with suspected DVT with a history of any VTE
(DVT/and or PE)

Table 3 shows an overview of the results. For patients with suspected DVT with a history
of VTE male gender was also predictive (p < 0.01; OR: 2.2 (95% Cl, 1.2-4.0)), while age was
not predictive. Patients who had a DVT as index event were more likely to have recurrent
DVT confirmed (P < 0.01) than patients with index PE in patients with suspected recur-
rent DVT. Concerning baseline information, both D-dimer testing and residual throm-
bosis on baseline imaging (ultrasonography and V/Q scan) had no predictive value for
having a recurrent DVT confirmed. Furthermore an elevated BMI (above 26 kg/m?2) at
baseline was not predictive. The presence of the post-thrombotic syndrome (Villalta
score >4) at baseline was also not predictive of having the diagnosis DVT confirmed.
For the typical symptoms of recurrent DVT, leg swelling (p<0.01) and warmth of the leg
(p<0.01) were more likely present in patients with a confirmed DVT. If the symptoms are
in the ipsilateral leg, the diagnosis seems to be less likely to be confirmed, although this
trend is not significant.

Predictors for PE in patients with suspected PE with a history of VTE (DVT and/
or PE)

Table 4 shows an overview of the results. Male gender seems to be predictive to have the
diagnosis confirmed (p<0.05; OR: 2.5 (1.0-6.2)). Age was not predictive, although more
patients who had the diagnosis confirmed were older than 65 years old. The timing after
the index event or the type of index event didn’t influence the likelihood of a confirmed
diagnosis. No potential clinical predictors at baseline were predictive for a confirmed PE
diagnosis. Typical symptoms of PE such as shortness of breath, chest pain and hemopty-
sis are not significant related to having the diagnosis confirmed. However, patients who
have a PE confirmed have a lower mean saturation (p< 0.05). The average heart rate and
the presence of diaphoresis are not significantly related to the diagnosis of recurrent PE.
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DISCUSSION

Our study shows that predictors for confirming a venous thrombosis in patients with
suspected recurrent VTE might be different than in patients with suspected first VTE.
For instance, we showed that potential clinical predictors for suspected recurrent
VTE included male gender, a change in D-dimer test result from baseline value, and
a previous confirmed DVT. These predictors are not included in current CDRs for DVT
or PE. Before commencing this study we performed a systematic review of studies on
predictors for the diagnosis of VTE in patients with suspected recurrent VTE (PROSPERO:
CRD42012002356). Few research studies have focused specifically on the diagnostic
management of patients with suspected recurrent VTE. No study has focused on the
clinical predictors of VTE in patients with suspected VTE and a history of VTE. However,
being able to identify as many of these patients as possible as having a low pretest
probability would be of high clinical relevance. Imaging could be safely withheld in this
group, thereby reducing the risk of misdiagnoses (high frequency of residual thrombi
that may be mistaken for recurrent thrombi), costs, radiation exposure and simplifying
the diagnostic management of these patients. This study is the first study that evaluated
potential clinical predictors in patients with suspected recurrent VTE. Previous studies
focused on the predictors in patients with suspected first VTE or any suspected recur-
rent VTE, but no study assessed the predictors for the diagnosis of a recurrent VTE in
patients with suspected recurrent VTE specifically. Furthermore we have shown that
objective predictors, like gender, oxygen saturation, D-dimer testing and a previous
DVT were significantly related with a proven recurrent VTE diagnosis; predictors that
are not included in current available CDRs for suspected DVT and PE. Additionally all
suspected recurrent VTE events were independently adjudicated by an adjudication
committee. This study has a few limitations. It is a post-hoc analysis. However all data
were systematically collected with an a priori developed case report form. To minimize
information bias, we have only included data that were clearly reported in the clinical
charts. If nothing was mentioned about a clinical predictor in a clinical report of a patient,
we excluded the patient for the analysis of that specific predictor. Another limitation is
that although we have enrolled over 370 patients, the power of the study is limited for
the subcategories of suspected VTE, e.g. in patients with suspected PE and a history of
VTE. Therefore, predictors that turned out not to be significant in this study, could be
significant associated with a recurrent DVT and/or PE in a larger cohort. Furthermore the
time between the index event and the suspected recurrence was relatively short (mean
20.2 months), therefore whether these findings would apply to patients with a longer
time period between the index event and suspected recurrent event is uncertain. In a
meta-analysis examining the predictive values for patients with a suspected first DVT,
the presence of a malignancy and a previous DVT were useful for predicting DVT. Our
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study did not show a significant correlation between a malignancy in the past 5 years
and a confirmed diagnosis but we acknowledge that patients with active cancer were
excluded from our cohort and hence our cohort had a very low prevalence of patients
with a malignancy (2.6%)."" Additionally this study only enrolled patients who had a first
unprovoked event as index event. Therefore we know how the predictors would perform
in patients who had a previous provoked VTE. Also we enrolled patients who had a first
adjudicated recurrent VTE event to prevent that a patient would be enrolled multiple
times in our study, but consequently we do not know whether our results would apply
for patients who had multiple suspected recurrences in their past. Our study suggests
that a suspected ipsilateral recurrent DVT is associated with a lower rate of recurrent
VTE diagnosis. A hypothesis might be that many suspected DVT patients present with
symptoms mimicking a recurrent event, while a post-thrombotic syndrome is ultimately
diagnosed rather than new DVT, making ipsilateral symptoms a negative predictor. In-
terestingly, chest pain was a negative predictor for a confirmed recurrent PE diagnosis. A
hypothesis could be that patients are told to report chest pain and did so regularly. Not
all clinical predictors that are statistically significant are necessarily clinically relevant or
useful. Whether a clinical predictor is clinically useful is also dependent on the preva-
lence of the predictor in the cohort. The classic use of a CDR is to identify patients who
are at low risk for a disease and eligible for a non-invasive diagnostic exclusion. To have
any clinical relevance, the predictor cannot have a too high prevalence in the cohort,
since only a limited proportion could have the diagnosis excluded, minimizing the ef-
ficacy of the predictor. The predictors that turned out to be significant in our cohort have
a reasonable to low prevalence in our cohort and might therefore be of clinical value.

In conclusion, this is the first study to show that predictors for the diagnosis of a recur-
rent VTE may be different than predictors for the diagnosis of a first VTE. For instance,
our results show that male gender is not only a risk factor for recurrent VTE, but is also
an important predictor for confirmed VTE among patients with suspected recurrent VTE.
None of the existing CDRs take gender into consideration. The findings of this post-hoc
analysis raise the hypothesis that it is likely possible to derive a separate CDR for patients
with suspected recurrent VTE, which could increase the diagnostic yield of non-invasive
testing in this patient population. Improved diagnostic management in this population
would lead to more optimal clinical management and improved safety for these patients.
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