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1  | INTRODUC TION

Venous thromboembolism (VTE), which includes deep vein throm‐
bosis (DVT) and pulmonary embolism (PE), is regarded as a chronic 
disease, as it tends to recur after an acute event.1‒3 The risk of 

recurrent VTE is similar in patients treated for a first DVT and 
in those treated for a first PE (hazard ratio 1.19; 95% confidence 
interval [CI]  0.87‐1.63).4 However, patients with PE experience 
more frequent recurrence of PE and patients with DVT experi‐
ence more frequent recurrence of DVT.5,6 The risk of fatal PE is 
2‐ to 3‐fold higher after an episode of PE than after an episode 
of DVT.7,8
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Abstract
Background: There is conflicting evidence regarding the role of residual pulmonary 
obstruction (RPO) or persistent right ventricular dysfunction (RVD) after pulmonary 
embolism (PE) as a predictor of recurrent venous thromboembolism (VTE). The aim of 
this study was to assess whether RPO or persistent RVD after PE is associated with 
recurrent VTE.
Methods: MEDLINE and EMBASE were searched through December 2018. Studies 
reporting on (a) RPO either on computed tomography (CT) angiography or perfusion 
lung scan, or RVD on echocardiography or CT angiography, after therapeutic antico‐
agulation for the acute PE, and (b) recurrent VTE, were included in this meta‐analysis.
Results: RPO was associated with an increased risk of recurrent VTE (16 studies; 3472 
patients; odds ratio [OR] 2.22; 95% confidence interval [CI] 1.61‐3.05; I2 = 26%); the 
association was statistically significant for lung scan–detected RPO (11 studies; 2916 
patients; OR  2.21; 95%  CI  1.63‐3.01) but not for CT angiography–detected RPO 
(five studies; 556 patients; OR  2.56; 95%  CI  0.82‐7.94). No significant association 
was found between persistent RVD and recurrent VTE (four studies; 852 patients; 
OR 1.62; 95% CI 0.63‐4.17).
Conclusions: RPO is a predictor of recurrent VTE after a first acute PE, mainly when 
assessed by perfusion lung scan.
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Current guidelines suggest anticoagulant treatment for at least 
3 months for all patients after a first VTE, and consideration of indef‐
inite anticoagulation for patients at particularly high risk for recur‐
rence.9,10 The risk of recurrent VTE depends on several factors (e.g., 
patient features, and the presence and number of risk factors for the 
index event).11 Conflicting results are currently available on the role 
of residual pulmonary obstruction (RPO) or persistent right ventric‐
ular dysfunction (RVD) after anticoagulant treatment as a predictor 
of recurrent VTE.

We performed a meta‐analysis to assess the value of RPO or per‐
sistence of RVD as a predictor of recurrent VTE in patients treated 
with anticoagulants for PE.

2  | MATERIAL S AND METHODS

The methods used for this meta‐analysis are in accordance with 
“Meta‐Analysis of Observational Studies in Epidemiology: A 
Proposal for Reporting”.12

2.1 | Study objectives

The primary objectives of this analysis were to assess whether there 
is an association between (a) persistent RPO or (b) persistent RVD 
and recurrent VTE in patients treated with anticoagulants for acute 
PE.

The secondary objectives were to assess whether there is an as‐
sociation between (a) persistent RPO or (b) persistent RVD and re‐
current PE or all‐cause death in patients treated with anticoagulants 
for acute PE.

2.2 | Study outcomes

The primary outcome of the study was recurrence of VTE, defined as 
the composite of recurrent PE and/or DVT, according to the criteria 
of the individual studies.

Secondary outcomes were recurrence of PE and all‐cause death.

2.3 | Search strategy

We performed an unrestricted search in MEDLINE and EMBASE 
through December 2018. The search was performed by use of the 
terms “residual emboli OR residual pulmonary obstruction AND 
pulmonary embolism” for the RPO analyses, and “echocardiogra‐
phy OR right ventricular dysfunction AND pulmonary embolism” 
for the RVD analyses. No language restrictions were applied. 
Reference lists of retrieved articles and review articles were manu‐
ally searched to extend our search. Only full articles were consid‐
ered for analysis.

Three authors (M.G., P.C., and L.C.) independently performed the 
electronic search. Study selection was initially performed by review 
of titles. Candidate abstracts were then reviewed and selected for 
data retrieval, according to predetermined criteria.

2.4 | Inclusion criteria

For studies focusing on persistent RPO, the following inclusion cri‐
teria were used: (a) an objective diagnosis of an index acute PE, (b) 
therapeutic anticoagulation used in all patients to treat an index PE, 
(c) assessment of persistent RPO by computed tomography (CT) an‐
giography or perfusion lung scan, and (d) follow‐up data available on 
objectively diagnosed recurrence of VTE.

For studies focusing on persistent RVD, the following inclusion 
criteria were used: (a) an objective diagnosis of an index PE, (b) ther‐
apeutic anticoagulation used in all patients to treat an index PE, (c) 
assessment of persistent RVD on echocardiography or CT, and (d)  
follow‐up data available on objectively diagnosed recurrence of VTE.

The three authors (M.G., P.C., and L.C.) independently reviewed 
each study by using standardized extraction forms. Disagreements 
were resolved through revision by an additional reviewer (C.B.) and 
by discussion.

Studies were included in the meta‐analysis on RPO if the follow‐
ing data were available: numbers of patients with or without study 
outcome among patients with or without RPO assessed by either 
CT angiography or perfusion lung scan. Studies were included in 
the meta‐analysis on RVD if the following data were available: num‐
bers of patients with or without study outcome among patients 
with or without RVD assessed by either echocardiography or CT 
angiography.

For duplicate publications, the most recent was considered. To 
assess agreement between reviewers for study selection, we used 
the kappa statistic, which measures agreement beyond that attrib‐
utable to chance.13

2.5 | Data extraction

For each study, the following were extracted independently by two 
authors: general data (study design and year of publication), patients 
(number, mean age, gender, and treatment for PE), and clinical out‐
comes (VTE recurrence or death).

For the analyses on RPO, the techniques used to assess RPO (CT 
angiography or perfusion lung scan), the time from the index event 

Essentials
•	 Debated is the role of residual pulmonary obstruction 

(RPO) in predicting venous thromboembolism.
•	 Whether right ventricular dysfunction (RVD) predicts 

recurrent venous thromboembolism is unknown.
•	 15 studies on RPO and 4 on RVD and venous thrombo‐

embolism were included in this meta‐analysis.
•	 RPO is a predictor of recurrent venous thromboembo‐

lism when assessed by perfusion lung scan.
•	 RVD after acute pulmonary embolism is not associated 

with recurrent venous thromboembolism.
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to RPO assessment, the criteria used to diagnose RPO (parameters 
and cut‐off), and the number of patients with the primary or second‐
ary endpoints among RPO‐positive or RPO‐negative patients were 
extracted.

For the analyses on persistent RVD, the techniques used to as‐
sess persistent RVD (echocardiography or CT), the time from the 
index event to persistent RVD assessment, the criteria used to es‐
tablish persistent RVD (parameters and cut‐off) and the numbers of 
patients with the primary or secondary endpoints among persistent 
RVD‐positive or RVD‐negative patients were extracted.

2.6 | Statistical analysis

We determined pooled odds ratios (ORs) with 95% CIs for recurrent 
VTE or all‐cause mortality in patients with persistent RPO (assessed 
by either CT angiography or perfusion lung scan) and in patients 
with persistent RVD (assessed by either echocardiography or CT). 
We planned separate analyses for: (a) recurrent VTE, (b) recurrent 
PE, and (c) all‐cause death.

Sensitivity analyses were performed concerning: (a) methods 
used for the diagnosis of persistent RPO, (b) time from the index 
PE to assessment of RPO or RVD, (c) asymptomatic vs symptomatic 
recurrence of VTE, (d) studies only including patients treated for a 
first PE, and (e) only high‐quality studies included.

Data were pooled by use of the Mantel‐Haenszel method14; re‐
sults are reported according to a fixed‐effects model in the absence 
of significant heterogeneity, and according to a random‐effects 
model in the presence of significant heterogeneity.15 Correction for 
zero cells (0.5) was also performed. Cochran's χ2 test and the I2 test 
for heterogeneity were used to assess between‐study heterogene‐
ity.16,17 Significant heterogeneity was considered to be present at 
P < 0.10 and I2 > 50%.

Publication bias was assessed visually by the use of funnel plots.
Statistical analyses were performed with review manager release 

5.3 (The Cochrane Collaboration) and stata/se release 10.1. The 
quality of observational studies was evaluated with the Newcastle‐
Ottawa quality assessment scale.18 Randomized controlled trial 
quality was assessed by use of the Jadad score.19 To assess the risk 
of bias of our study, we used the the ROBINS I tool, which was inde‐
pendently assessed by two authors.20

3  | RESULTS

3.1 | Residual pulmonary obstruction

Overall, 538 papers were found, of which 16 met the inclusion cri‐
teria (the flow diagram is shown in Figure S1).21‒36 In one study, the 
numbers of patients with or without RPO who had recurrent VTE 
events were obtained after the authors had been contacted.35 The 
agreement between reviewers for study selection was good (kappa 
statistic of 0.85).

Table 1 shows the main features of the included studies and the 
methodology used for RPO assessment and definition. The number 

of patients included in the individual studies ranged from a minimum 
of 46 to a maximum of 647.

In the large majority of the studies, recurrence of PE was defined 
as the presence of symptoms suggesting PE associated with imaging 
confirmation, and recurrence of DVT was defined as the presence 
of symptoms suggesting DVT associated with imaging confirmation 
(Table 2).

Data on assessment of study quality and risk of bias are shown 
in Tables S1 and S3. The quality was good for the majority of the 
studies, and fair and poor in two studies each. The overall risk of bias 
of our meta‐analysis was low.

Information on duration of anticoagulant treatment and the 
prevalence of unprovoked PE among patients with and without RPO 
is shown in Table S2.

3.2 | RPO and clinical outcomes

Overall, 192 of 1294 patients with RPO had recurrent VTE (14.8%; 
95% CI 13.0‐16.8), as compared with 176 of 2178 without RPO (8.1%; 
95% CI 7.0‐9.3). The presence of RPO, either on CT angiography or 
on lung scan, was associated with an increased risk of recurrent 
VTE without significant heterogeneity (16 studies; 3472 patients; 
OR according to the random‐effects model, 2.22; 95% CI 1.61‐3.05; 
I2 = 26%) (Figure 1).21‒36 The association was confirmed after amend‐
ing for zero cells (OR 2.13; 95% CI 1.56‐2.90) and after excluding 
from the analysis the study by Meneveau et al, in which RPO was 
assessed at an early stage (OR 2.11; 95% CI 1.52‐2.93). Funnel plot 
inspection for this analysis showed no evidence of publication bias 
(Figure S2).

The association between RPO and recurrent VTE was confirmed 
in studies assessing RPO on lung scan (11 studies; 2916 patients; 
OR 2.21; 95% CI 1.63‐3.01; I2 = 16%),21,23,25,26,29‒35 but not in stud‐
ies assessing RPO on CT angiography, although there was signifi‐
cant heterogeneity (five studies; 556 patients; OR according to the 
random‐effects model, 2.56; 95% CI 0.82‐7.94; I2 = 52%).22,24,27,28,36

Sensitivity analyses were performed on the association be‐
tween RPO and recurrent VTE (Table 3). These analyses confirmed 
the association between recurrent VTE and RPO (a) on lung scan 
regardless of the methods used for RPO assessment, (b) in studies 
assessing RPO at least 3 months after acute PE (significant heteroge‐
neity observed in the analysis of studies assessing RPO at 3 months 
or earlier after acute PE was mainly related to the study of Chopard 
et al30), (c) after the exclusion of asymptomatic recurrence of VTE, (d) 
in patients treated for a first PE, (e) in high‐quality studies, and (f) in 
studies with a fixed duration of anticoagulant treatment regardless 
of the presence or absence of RPO.

Seven studies reported on the recurrence of PE (1801 pa‐
tients)21,23,26,28,29,31,32; recurrent PE occurred in 83 of 677 patients 
with RPO (12.3%; 95% CI 9.9‐14.7), and in 75 of 1024 patients 
without RPO (7.3%; 95%  CI  5.7‐8.9), either on CT angiography 
or on lung scan. The presence of RPO was associated with an in‐
creased risk of recurrent PE (OR 2.98; 95% CI 2.00‐4.44; I2 = 11%) 
(Figure 2A).
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All‐cause death was reported in five studies (912 patients). Death 
occurred in 22 of 217 patients with RPO (10%; 95% CI 6.1‐14.2) and 
in 44 of 695 patients without RPO (6.3%; 95% CI 4.5‐8.1). The pres‐
ence of RPO was not associated with an increased risk of all‐cause 
death (OR 1.61; 95% CI 0.65‐3.98; I2 = 42% according to the random‐
effects model) (Figure 2B).22,23,26,28,30

3.3 | Persistent RVD

Our search identified 18 potentially eligible studies (Figure 1). Four 
studies were included in the analysis (Table 4).22,33,37,38 The agree‐
ment between reviewers for study selection was good (kappa statis‐
tic of 0.85). The main features of studies included in this analysis and 
the criteria for the definition of RVD are shown in Table 4.

According to the Ottawa Quality Assessment Scale, two stud‐
ies were classified as good quality and one study as fair quality. By 
use of the Jadad score, the randomized study was classified as high 
quality (Table 1).

3.4 | Persistent RVD and clinical outcomes

A non‐significant association between RVD and VTE recurrence 
was found (four studies; 852 patients; OR 1.62; 95% CI 0.63‐4.17; 
I2 = 53% according to the random‐effects model) (Figure 3).22,33,37,38 
After correction for zero cells, the association reached statistical sig‐
nificance (OR 1.87; 95% CI 0.71‐4.96).

Two studies reported on the recurrence of PE and on overall 
mortality. The pooled analysis of these studies showed a significant 
association between RVD and the recurrence of PE (two studies; 524 
patients; OR 3.87; 95% CI 0.53‐28.26), with significant heterogene‐
ity (I2 = 51%).39,40 A non‐significant association was found between 
RVD and overall mortality (two studies; 402 patients; OR  1.72; 
95% CI 0.89‐3.31; I2 = 0%).22,37

4  | DISCUSSION

This meta‐analysis shows that RPO is associated with an increased 
risk of recurrent VTE in patients treated with anticoagulants for 
acute PE. The increase in the risk of recurrence was consistent in all 
sensitivity analyses for RPO assessed by lung scan, but this was not 
the case for RPO assessed by CT angiography. The persistence of 
RVD after anticoagulant treatment for acute PE seems to be associ‐
ated with recurrent VTE.

We found that the risk of recurrent VTE was 2‐fold higher in pa‐
tients with persistent RPO than in patients without RPO. This find‐
ing is consistent with the increased risk of recurrent VTE in patients 
with residual vein obstruction after an episode of DVT.41 The biolog‐
ical plausibility of these finding is multifactorial. The persistence of 
lower‐limb thrombi or pulmonary emboli after the completion of an 
initial period of therapeutic anticoagulation could suggest a specific 
prothrombotic phenotype that is able to make the thrombi more re‐
sistant and stable.42 Moreover, persistent thrombosis could facilitate A
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F I G U R E  1   Forest plot for the incidence of recurrent venous thromboembolism based on the presence or absence of residual pulmonary 
obstruction (RPO) and stratified according to the instrumental test used for the diagnosis of RPO. CI, confidence interval; CTPA, computed 
tomography pulmonary angiogram

Study or subgroup
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Test for overall effect: Z = 5.06 (P < 0.00001)
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TA B L E  3   Results of sensitivity analyses on the association between residual pulmonary obstruction (RPO) and recurrent venous 
thromboembolism (VTE) with the random‐effects model

Subanalysis Criteria
No. of studies; no. of 
patients OR 95% CI I2 (%)

Methods used for RPO 
assessment

Meyer score 7; 2341 2.03 1.48‐2.78 11

Proportion of total lung 
perfusion

3; 323 5.38 2.09‐13.89 0

Qanadli score 3; 344 1.45 0.35‐5.95 44

Presence/absence of RPO (CT 
angiography)

3; 464 1.92 0.32‐11.56 79

Time from acute PE to RPO 
assessment

≤3 mo 3; 778 2.89 0.49‐17.21 75

≥3 mo 14; 2920 2.00 1.50‐2.65 8

≥6 mo 13; 2694 2.14 1.63‐2.79 0

Type of recurrence of VTE Symptomatic 11; 2609 2.16 1.36‐3.44 42

Inclusion criteria First episode of PE 9; 2390 2.01 1.50‐2.70 0

Unprovoked PE 3; 841 2.28 1.49‐3.49 0

Quality assessment High‐quality studies 13; 3060 1.99 1.53‐2.59 0

Duration of OAC therapy Fixed OAC duration 3; 621 2.35 1.50‐3.68 0

Abbreviations: CI, confidence interval; CT, computed tomography; OAC, oral anticoagulant; OR, odds ratio; PE, pulmonary embolism.
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the progression to post‐thrombotic syndrome, such increasing the 
risk of recurrent DVT.43 A limitation of this finding is the limited ac‐
curacy of currently available algorithms for the diagnosis of recur‐
rent VTE, in particular in patients with residual thrombi or emboli.44 
Indeed, in the presence of symptoms, the diagnosis of recurrent VTE 
may be challenging in patients with residual thrombi. Consensus 
statements have reported on criteria for discriminating between 
acute and chronic pulmonary artery obstruction and between acute 
and chronic DVT.45,46 From this point of view, having an imaging test 
at an intermediate time point between the index VTE and recurrent 
VTE showing the persistence/resolution of the index emboli may be 
of use in patients with suspicion of recurrence. However, in clinical 
practice, only comparisons between examinations performed with 
the same radiologic technique can be of help in the diagnosis of 
recurrence.

According to the results of our analysis, RPO is predictive of re‐
current VTE if it is assessed by perfusion lung scan, but not if it is 
asssesed by CT angiography. These results could be explained by 
the different sensitivities and specificities of these two techniques, 
mainly for detecting small peripheral perfusion abnormalities. More 
importantly, the evidence (number of studies and included patients) 
on the association between recurrent VTE and RPO on perfusion 
lung scan is better than that on CT angiography (11 studies and 2916 

patients vs four studies and 474 patients). It is therefore conceivable 
that the analysis on the predictive value of RPO on CT is underpow‐
ered. However, the risk of renal toxicity associated with the admin‐
istration of contrast media, the concerns about radiation exposure 
and the costs of CT angiography should discourage clinicians from 
repeating this examination for prognostic purposes after anticoag‐
ulant treatment.

In the majority of the studies, patients with RPO received a 
longer duration of anticoagulation than patients without RPO. 
Regarding the specific purpose of our meta‐analysis, different treat‐
ment durations may bias the pooled estimates on the association be‐
tween RPO and recurrent VTE. In order to account for this potential 
bias, a sensitivity analysis was performed including studies with a 
fixed duration of anticoagulant treatment regardless of the presence 
or absence of RPO. In these studies, anticoagulant treatment was 
withheld at the time of assessment of RPO. The sensitivity analysis 
confirmed the association between RPO and recurrent VTE.

According to formal evaluation, the risk of bias of our meta‐anal‐
ysis is low; the only concern relates to the suboptimal description 
of methodology in some of the selected studies, leading to poten‐
tial bias in study appraisal. When assessing the individual studies, 
we cannot exclude the possibility that non‐consecutive recruit‐
ment in some of them, and potential systematic errors in outcome 

F I G U R E  2  Forest plot for the incidence of recurrent pulmonary embolism (A) and all‐cause death (B) based on the presence or absence of 
residual pulmonary obstruction RPO. CI, confidence interval
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measurement (difficulties in differentiating between RPO and new 
emboli) in the majority of them, could have generated a risk of bias. 
The New Ottawa Scale may not have been sensitive enough to iden‐
tify these specific limits in the individual studies.

We found an association between persistent RVD and the risk of 
recurrent VTE that reached statistical significance after correction 
for zero cells. Although an increased risk of recurrent VTE is sug‐
gested by the OR in patients with persistent RVD as compared with 
patients without it, this increase was not statistically significant in 
the initial analysis in almost 1000 patients. We cannot exclude the 
possibility that heterogeneity in the definition of RVD could have 
influenced our results. Moreover, as, in this case, no “side effect” is 
expected for patients undergoing echocardiography, this examina‐
tion could be suggested anyway for patients with RVD in the acute 
phase and persistent dyspnea, in order to screen for chronic throm‐
boembolic pulmonary hypertension.

The optimal duration of anticoagulation beyond the initial 
3 months after a first episode of PE remains uncertain. The deci‐
sion to continue or discontinue anticoagulation after this period 
should be individually tailored according to the risk of recurrent 
VTE, and balanced against the risk of bleeding. The identification 
of predictors of recurrence could drive strategies for secondary 
prevention. Our meta‐analysis shows that RPO assessed after 
an initial period of anticoagulant treatment is associated with in‐
creased risk of recurrence. The results of our study do not neces‐
sarily imply that anticoagulation should be prolonged in patients 
with RPO, but, rather, that RPO may be looked for and taken into 
account in the complex decision on the duration of secondary pre‐
vention of VTE.

Whether risk stratification for recurrent VTE is still a timely 
issue in the era of direct oral anticoagulants is to be debated. In 
fact, although these agents carry a reduced risk of major and intra‐
cranial bleeding, 20%‐30% of VTE patients have an increased risk of 
bleeding or a contraindication to anticoagulation. Moreover, chronic 
anticoagulation could result in limitations in everyday activities in 
very young patients. Thus, even though a large proportion of pa‐
tients will be candidates for extended secondary prophylaxis of VTE 
with direct oral anticoagulants, an attempt to identify low‐risk pa‐
tients in whom anticoagulation could be withheld is still warranted. 
Therefore, the assessment of RPO or persistent RVD requires vali‐
dation in management studies.

There are several limitations of our study in addition to those 
intrinsic to the meta‐analysis approach, which combines heteroge‐
neous datasets. As an example, differences were noted regarding 
the methods and timing of RPO assessment, regarding the duration 
of anticoagulation from the index PE, which was not standardized 
across the included studies. In particular, different methods and 
different cut‐off levels were also used for RPO assessment across 
studies evaluating perfusion lung scan for the definition of RPO. 
These differences could account for the different prevalences of 
RPO reported in the individual studies. Moreover, as all but one of 
the included studies involved prospective cohorts, it is conceivable 
that the results regarding the presence of RPO or RVD influenced TA
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the duration of anticoagulant treatment. Finally, although a protocol 
for this study was prospectively developed, it has not been regis‐
tered in PROSPERO.

In conclusion, we found that RPO as assessed by perfusion lung 
scan can be used to identify patients with a high risk of recurrent 
VTE after anticoagulant treatment for acute PE. However, as all 
meta‐analyses should be regarded as hypothesis‐generating, ran‐
domized studies are needed before any management strategy can be 
recommended concerning the duration of anticoagulant treatment 
or the need for imaging reassessment after an index PE.
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