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Impact of reperfusion therapies on clot resolution and long-term
outcomes in patients with pulmonary embolism
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ABSTRACT
Objective: Major progress in reperfusion strategies has substantially improved the short-term outcomes of patients with
pulmonary embolism (PE), however, up to 50% of patients report persistent dyspnea after acute PE.

Methods: A retrospective study of the PE response team registry and included patients with repeat imaging at 3 to
12 months. The primary outcome was to determine the incidence of residual pulmonary vascular obstruction following
acute PE. Secondary outcomes included the development of PE recurrence, right ventricular (RV) dysfunction, chronic
thromboembolic pulmonary hypertension, readmission, and mortality at 12 months.

Results: A total of 382 patients were included, and 107 patients received reperfusion therapies followed by anti-
coagulation. Patients who received reperfusion therapies including systemic thrombolysis, catheter-directed thrombol-
ysis, and mechanical thrombectomy presented with a higher vascular obstructive index (47% vs 28%; P < .001) and signs
of right heart strain on echocardiogram (81% vs 43%; P < .001) at the time of diagnosis. A higher absolute reduction in
vascular obstructive index (45% vs 26%; 95% confidence interval, 14.0-25.6; P < .001), greater improvement in RV function
(82% vs 65%; P =.021), and lower 12-month mortality rate (2% vs 7%; P = .038) and readmission rate (33% vs 46%; P = .031)
were observed in the reperfusion group. No statistically significant differences were found between groups in
the development of chronic thromboembolic pulmonary hypertension (8% vs 5%: P = .488) and PE recurrence (8% vs 6%;
P = .646).

Conclusions: We observed a favorable survival and greater improvement in clot resolution and RV function in patients
treated with reperfusion therapies. (J Vasc Surg Venous Lymphat Disord 2024;12:101823.)
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obstruction; RV dysfunction; Venous thromboembolism

Acute pulmonary embolism (PE) remains a leading
cause of morbidity and mortality, with around 100,000
deaths annually in the United States.! Although major
advances in PE management, including diagnostic and
therapeutic strategies, have substantially improved the
short-term outcomes of PE? few studies have assessed
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its long-term effects.>® Even with adequate anticoagula-
tion, more than one-half of the patients have persistent
dyspnea and functional limitations following acute PE,
with proposed attributable causes ranging from clinical
post-PE syndrome to persistent pulmonary vascular ab-
normalities.®® Residual pulmonary vascular obstruction
(RPVO) is a frequent sequela following acute PE that
has been associated with serious clinical impacts.
Although these chronic or slowly resolving thrombi
may be asymptomatic, the persistent obstruction of the
pulmonary vascular bed could lead to elevation of pul-
monary resistance and ultimately right ventricular (RV)
dysfunction. The rarest and most severe long-term
outcome is the development of chronic thromboem-
bolic pulmonary hypertension (CTEPH).° In addition,
several studies found that RPVO is an independent pre-
dictor of recurrent venous thromboembolism (VTE).!°"
Reperfusion therapies have been shown to improve
short-term outcomes by rapidly and effectively reversing
the hemodynamic burden that PE imposes on the pul-
monary circulation and the right heart.'? Theoretically,
the rapid and effective clot resolution exerted by reperfu-
sion therapies could possibly minimize the development
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of long-term consequences of PE, including RV dysfunc-
tion and CTEPH. However, whether and to what extent
reperfusion therapies could prevent the development
of long-term sequelae has not been clearly delineated,
either due to limited data or variable parameters used
as outcome measures.> The purpose of the present
study is to investigate the role of reperfusion therapies
in the reduction of RPVO and its impact on late
outcomes.

METHODS

Study population. We conducted a retrospective re-
view of all hospitalized patients between January 2017
and June 2021 at our institution who underwent evalua-
tion by the pulmonary embolism response team (PERT).
The PERT consists of members from interventional cardi-
ology and radiology, pulmonary/critical care, clinical
pharmacy, and cardiac surgery. Activation of the PERT
occurs either through an on-call phone number or via a
single contact to the hospital’s transfer center if request
arises from an outside hospital. Upon initial activation, a
virtual multidisciplinary meeting or conference call
among all PERT members is held. Treatment decisions
are made through shared decision-making among the
PERT members. Finally, the consensus plan is presented
to the referring clinician. Patients were included if
meeting the following criteria: (1) diagnosis of acute PE
confirmed by computed tomography pulmonary angi-
ography (CTPA) or lung perfusion/ventilation (V/Q) scan;
(2) completed treatment of therapeutic anticoagulation
for at least 3 months; and (3) underwent repeat imaging
from 3 to 12 months follow-up after an index PE due to
persistent dyspnea. Patients were excluded on account
of the following: (1) diagnosis of PE not confirmed by
CTPA or V/Q scan; (2) did not receive treatment either
due to contraindications to anticoagulation, limited life
expectancy or hospice care; (3) unavailability of follow-up;
(4) PE-related or non-related in-hospital death; (5) death
during follow-up without imaging; and (6) duplicated
cases. This study was approved by the Institutional Re-
view Board of our institution (Protocol #26021), and
informed consent was waived due to the retrospective
nature of the study.

Outcome measures. Demographics, comorbid condi-
tions, and risk factors for VTE were collected and summa-
rized. The main outcome was to determine and
compare the incidence of RPVO in patients who
received reperfusion therapies plus anticoagulation to
those who received anticoagulation alone in 3 to
12 months following acute PE. RPVO was assessed using
CTPA or lung V/Q scan, or both if available, and was
defined by the presence of persistent filling defects
noted on CTPA or residual perfusion defects on V/Q
scan. Clot burden was quantified and calculated by us-
ing the Qanadli score system."” In brief, the arterial tree
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- Type of Research: Single-center retrospective cohort
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Key Findings: In this cohort study of 382 patients
who underwent evaluation by the pulmonary embo-
lism response team up to 1 year, we observed a
greater extent of clot resolution and improvement
in right ventricular function in patients treated with
reperfusion therapies compared with anticoagula-
tion alone. A survival benefit at 1-year follow-up was
also observed in the reperfusion group.

Take Home Message: The findings suggest the possi-
bility of expanding reperfusion therapies beyond cur-
rent recommendations. Future randomized control
trials are needed to confirm our findings.

.

of each lung was regarded as having 10 segmental ar-
teries (three to the upper lobes, two to the middle lobe/
lingula, and five to the lower lobes). The presence of
embolus in a segmental artery was scored 1 point, and
the embolus at the most proximal arterial level was
scored according to the number of segmental arteries
arising distally. Each score was assigned to a weighing
factor from a scale of O to 2 (O = no defect; 1 = partial
occlusion; 2 = complete occlusion). The maximal CT
obstructive score is 40, and the vascular obstructive index
(VOI) was calculated using the formula: = (nh x d)/40 x
100, where n is the value of proximal thrombus in the
pulmonary arterial tree equal to the number of
segmental branches arising distally, and d is the degree
of obstruction.”

The secondary outcomes were to determine the late
sequelae of PE in patients who received reperfusion ther-
apies, which included PE recurrence, RV dysfunction,
CTEPH, readmission, and mortality at 12 months. PE
recurrence was defined by the presence of a new
thrombus in a different segmental area than that of
the initial PE or a new perfusion defect on the V/Q
scan. An echocardiographic assessment of RV function
was performed by board-certified cardiologists at the
time of PE diagnosis and between 3 and 12 months to
determine changes in RV function, which was classified
as follows: (1) persistent RV dysfunction; (2) new RV
dysfunction; and (3) improvement of RV function. CTEPH
was defined by the following two criteria: (1) the presence
of pulmonary hypertension (mean pulmonary arterial
pressure >20 mmHg) with a pulmonary capillary wedge
pressure <15 mmHg confirmed via right heart catheteri-
zation; and (2) the presence of thromboembolic occlu-
sion of the pulmonary vasculature, either by V/Q lung
scan or CTPA.

Statistical analysis. All continuous variables were
tested for normality and presented as mean with a
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594 cases in the PERT registry

Duplicated cases = 2
PE confirmed by other diagnostic methods =3

589 cases confirmed by
CTPA or V/Q scan

Lost to follow-up = 126

PE-related or non-related in-hospital death = 66
Death during follow-up =8

No treatment =7

382 cases with follow up

Anticoagulation group = 275

Reperfusion group = 107
* Full-dose TPA=9
Half-dose TPA = 14
* CDT=69
¢ Mechanical thrombectomy = 15

Fig 1. Patient selection flow diagram. CDT, Catheter-directed thrombolysis; CTPA, computed tomography pul-
monary angiography: PE, pulmonary embolism: PERT, pulmonary embolism response team; TPA, tissue-type

plasminogen activator; V/Q, perfusion/ventilation.

standard deviation, or median with interquartile range if
the distribution were skewed. Categorical variables were
presented as absolute numbers (percentage). Compari-
son between the anticoagulation and the reperfusion
group was performed using the Student t-test or
Mann-Whitney U test for continuous variables, or the
Fischer exact or y? test for categorical variables, as
appropriate. Survival distributions at 12 months were
estimated by the Kaplan-Meier method and compared
using the log-rank test. The software SPSS Statistics for
Mac, version 29.0 (IBM Corp) was used for statistical
analysis. P-values of < .05 (two-sided) were considered
statistically significant.

RESULTS

Study population and patient characteristics. Of 594
cases between January 2017 and June 2021 identified
in the PERT registry, 212 cases were excluded due to
the following reasons: duplicated cases (n = 2), diagnosis
of PE not confirmed by CTPA or V/Q scan (n = 3), unavail-
ability of repeat imaging (n = 126), PE-related or
non-related in-hospital death (n = 62), death during
follow-up without repeat imaging (n = 9), and contrain-
dications to anticoagulation, limited life expectancy, or
hospice care (n = 10). Fig 1 demonstrates patient selec-
tion. A total of 382 patients were included, and the
severity of PE was as follows: 106 cases (28%) of low-risk
PE, 122 cases (32%) of intermediate-low risk, 132 cases
(34%) of intermediate-high risk, and 22 cases (6%) of
high-risk PE. The diagnosis of PE was confirmed by CTPA
in 97% of patients, whereas 3% of patients were diag-
nosed by V/Q scan. A total of 107 patients (28%) received

reperfusion therapies, which included full-dose throm-
bolysis (alteplase, 100 mg; n = 9; 8%), half-dose throm-
bolysis (alteplase, 50 mg; n = 14; 13%), catheter-directed
thrombolysis (n = 69; 65%), and mechanical thrombec-
tomy (n = 15; 14%). All patients who received reperfusion
therapies had intermediate-risk and high-risk PE.

Baseline patient characteristics of the study cohort are
reported in Table |. Among intermediate-risk and high-
risk PE group, patients who received reperfusion thera-
pies had a significantly lower prevalence of cardiac
diseases (23% vs 50%; P < .001), chronic obstructive pul-
monary disease (7% vs 16%; P = .020), and malignancy
(1% vs 24%; P < .010). In addition, higher rates of concur-
rent deep vein thrombosis (69% vs 45%; P < .001) and
signs of RV strains on CTPA (85% vs 49%; P < .001) and
echocardiogram (81% vs 56%; P < .001) were observed
in the reperfusion group.

Assessment of pulmonary vascular obstruction. The
mean follow-up time of imaging was 6 months (stan-
dard deviation, 3.5 months). RPVO was observed in 21%
of patients (n = 23) treated with reperfusion therapies,
compared with 9% of patients (h = 25) treated with
anticoagulation alone (21% vs 9%; P = .001). A higher
mean VOI (47% vs 28%; 95% confidence interval [Cl], 13.8-
247 P < .001) was observed in patients treated with
reperfusion therapies, compared with anticoagulation
alone. The VOI was reduced from 47% to 05% (a
decrease of 99%) in the reperfusion group, and from 28%
to 1.5% (a decrease of 95%) in the anticoagulation group.
Thus, a significantly greater absolute reduction in VOI
(45% vs 26%, 95% ClI, 14.0-25.6; P < .001) was observed in
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Table I. Baseline patient characteristics

Age, years 57%171 56+15.5 773 60=x16.6 56=*15.5 151

Black 140 (51) 58 (54) 93 (55) 58 (54)

Other

Comorbidities

84 (31) 24 (23) 46 (27) 24 (23)

COPD/asthma 43 (16) 7 (7) .018 27 (16) 7 (7) .020

ESRD on hemodialysis 5(2) 0 (0) 160 4 (2) 0 (0) 109

Hypothyroidism 14 (5) 1 (10) .066 9 (5) 11 (10) 122

Recent surgery 37 (13) 12 (11) .557 25 (15) 12 (11) 395

Elevated BNP 99/253 (39) 74101 (73) <.001 77/161 (48) 74/101 (73) <.001

PE severity <.001 <.001

Intermediate low risk 110 (40) 12 (11) 111 (66) 12 (11)

High risk 6 (2) 16 (15) 6 (3) 16 (15)

RV dysfunction on ECHO 114/265 (43) 85/105 (81) <.001 93/165 (56) 85/105 (81) <.001

the reperfusion group. Supplementary Table | (online
only) summarizes differences in changes of VOI between
the anticoagulation and reperfusion groups. Fig 2 dem-
onstrates VOI at the time of diagnosis and follow-up.

Long-term outcomes following acute pulmonary em-
bolism. Table Il summarizes all outcome measures at
the 12-month follow-up. Of 199 patients who had echo-
cardiographic signs of RV dysfunction at the time of
diagnosis, 145 patients (73%) had repeat echocardiogra-
phy at follow-up (Supplementary Fig, online only).
Improvement in RV function was more frequently seen
in patients treated with reperfusion therapies (82% vs
65%; P = .021). There was no statistical difference in
the development of new RV dysfunction (21% vs 18%; P =
749) compared with patients treated with anti-
coagulation alone. No statistically significant differences

were found between groups in the development of
CTEPH (8% vs 5%; P = .488) and PE recurrence (8% vs 6%;
P = .646).

Readmissions and mortality at 12 months. Patients
treated with reperfusion therapies had a lower readmission
rate of 33% within a12-month follow-up period (33% vs 46%;
P = .031). The in-hospital mortality within the cohort was
14%. For patients who survived acute PE, a higher mortality
rate at 12 months was observed in patients who received
anticoagulation alone (7% vs 2%; P = .038), with the causes
of death being cancer (n = 1), respiratory failure (n = 3),
COVID (n = 2), septic shock (n = 2), stroke (n = 2), and un-
known causes (n = 3). There were no statistically significant
differences in in-hospital death (16% vs 13%; P = .291) and
overall mortality (23% vs 19%; P =.786). Fig 3 demonstrates
the cumulative risk of death at 12 months.
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Fig 2. Changes in vascular obstructive index at the time of pulmonary embolism (PE) diagnosis and at follow-up.
Changes in pulmonary vascular obstructive index (VOI) between reperfusion group and anticoagulation group in:
whole patient cohort (A) and patients with intermediate-risk and high-risk PE (B). C/, Confidence interval.

Patients with intermediate- and high-risk pulmonary 29%; 95% CI, 9.9-22.9; P < .001), improvement in RV
embolism. A stratified analysis of patients with interme- function (82% vs 66%:; P = .043), decreased mortality in
diate- and high-risk PE revealed similar findings, notably patients who survived acute PE (2% vs 8%; P = .024), and
higher mean VOI at diagnosis (47% vs 31%; 95% ClI, readmission rate (33% vs 47%; P = .043) in the reperfusion
9.8-22.1; P < .001), greater absolute reduction in VOI (45 vs group (Supplementary Table Il, online only).

Table Il. OQutcome measures at 12-month follow-up

RPVO 25 (9) 23 (21) .001 14 (8) 23 (22) < .001

Persistent RV dysfunction 28/79 (35) 12/66 (18) 21/62 (34) 12/66 (18)

New RV dysfunction 13/73 (18) 314 (21) 749 6/35 (17) 3014 (21) 726

CTEPH 13 (5) 9 (8) 488 1 (7) 9 (8) 721

PE-related 34 (12) 13 (12) 23 (14) 13 (12)

In-hospital mortality 41/325 (13) 21/128 (16) 291 30/208 (14) 21/128 (16) .623

Cancer 1/21 (52) (0] 9/15 (60) (0]

6]

o

COVID 2/21 (10)

o

Stroke 2/21 (10) (0] 2/15 (13) 0]

Total mortality 62/325 (19) 23128 (23) .786 45/208 (22) 23/128 (18) 417
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Fig 3. Cumulative risk of death at 12-month: patients who survived pulmonary embolism (PE) hospitalization (A);
total mortality including in-hospital death (B). AC, Anticoagulation.

DISCUSSION

In this study, RPVO was observed in 21% of patients
with acute PE treated with reperfusion therapies up to
1-year follow-up. Patients treated with reperfusion thera-
pies had a higher clot burden as evidenced by a higher
VOI and more frequent concomitant deep vein throm-
bosis at time of diagnosis. Reperfusion therapies resulted
in a greater clot reduction, improved RV function, lower
readmission rate, and lower 12-month mortality rate in
patients who survived acute PE. There was no statistically
significant difference in the development of late out-
comes, including PE recurrence and CTEPH.

The incidence of RPVO following an index PE is in keep-
ing with previously reported rates ranging from 19% to
51.8%.'91""* There is a paucity of data regarding the
long-term effects of reperfusion therapies on PE, and
the few studies that investigated its impact came to
different conclusions. Two small, prospective random-
ized trials reported that thrombolysis, compared with
anticoagulation, might improve functional capacity and
the persistence of pulmonary hypertension at long-
term follow-up.*'® A retrospective multicenter cohort
study by Semaan et al found a survival benefit in patients
treated with catheter-directed thrombolysis over antico-
agulation without any significant procedure-related
complications.”” On the contrary, Konstantinides et al
reported that thrombolysis did not appear to reduce
long-term mortality rates, residual dyspnea, or RV
dysfunction.® Nevertheless, data regarding clot burden
and the extent of clot resolution exerted by reperfusion
therapies were not available in existing studies, which
could have underestimated the long-term benefits of
reperfusion therapies.

In this study, it is unsurprising that a higher proportion
of patients treated with reperfusion therapies had RPVO
on follow-up imaging, as these patients had a higher clot
burden at the time of diagnosis and were more likely to
present with signs of right heart strain. In fact, our data

suggest that, despite the presence of RVPO, reperfusion
therapies resulted in a greater extent of clot reduction
and a lower VOI at follow-up. In addition, these patients
had a significantly greater improvement in RV function
compared with anticoagulation alone. These findings
highlight the benefits of rapid clot resolution achieved
by reperfusion therapies and their potential role in the
prevention of long-term sequelae following PE that
could contribute to chronic dyspnea.

Our findings may have important implications for daily
clinical practice and future clinical research studies. First,
current guidelines recommend reservation of reperfu-
sion therapies only to patients with high-risk PE or
intermediate-high-risk PE with imminent signs of hemo-
dynamic decompensation, given the concerns of a
higher risk of bleeding.'’®'® This study provides insights
into the potential long-term benefits of reperfusion ther-
apies, suggesting the feasibility of expanding the role of
reperfusion therapies in patients with high clot burden
and low bleeding risk. Early involvement of multidisci-
plinary PERTs can facilitate the careful selection of pa-
tients who may be candidates for reperfusion therapies.

Second, the optimal duration of anticoagulation
treatment after PE remains controversial. Patients with
associated risk factors for VTE recurrence, including
unprovoked PE, cancer, or high clot burden at the time
of diagnosis often receive prolonged or indefinite anticoa-
gulation.?®?' The result from our study that reperfusion
therapies lead to a greater extent of clot resolution sug-
gests the possibility of shortening the duration of anticoa-
gulation treatment in those treated with reperfusion
therapies, provided that serial imaging to observe clot res-
olution is available and shows the absence of persistent
prothrombotic risk factors. Dedicated PE care follow-up
allows timely identification of patients who are at risk of
developing late outcomes of PE such as CTEPH.

In accordance with existing literature, we did not
observe a reduction in the development of CTEPH.> A
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potential explanation is that CTEPH remains rare, and
the sample size may be too small to determine the
impact of reperfusion therapies on CTEPH. The patho-
physiology of CTEPH remains unknown; further studies
are needed to investigate the potential role of reperfu-
sion therapies in the prevention of maladaptive cardio-
pulmonary remodeling and to elucidate the underlying
mechanism that leads to CTEPH.

Study limitations. There are several limitations to our
study. First, we did not include parameters that represent
exercise tolerances and functional capacity. Thus, a cor-
relation between the radiographic findings of RPVO
with the severity of symptoms or the degree of functional
impairment could not be delineated. Second, patients
with incomplete follow-up were excluded from the
study, which might have led to selection bias. Third, pa-
tients who had severe symptoms were most likely to
seek medical attention, and thus the prevalence of RV
dysfunction, PE recurrence, and CTEPH could have been
overestimated. Finally, the mean follow-up time is rela-
tively short compared with other existing studies. Other
limitations included the retrospective, single-center na-
ture of the data, which may be prone to selection bias.

CONCLUSIONS

In this study, we observed a greater extent of clot reso-
lution and improvement in RV function in patients
treated with reperfusion therapies compared with anti-
coagulation alone. A survival benefit at 1-year follow-up
was also observed in the reperfusion group. These find-
ings raise the possibility of expanding the application of
reperfusion therapies beyond current recommendations.
However, further evidence from future randomized con-
trol trials is essential to validate this hypothesis.
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Supplementary Table I (online only). Changes in vascular obstructive index (VOI) at time of diagnosis and at follow-up

VOI at follow up 15 (5.9) 0.5 (2.4) 197 13.5-25.0

Clot resolution .001

RPVO 25 (9) 23 (21)

Supplementary Table Il (online only). Changes in percentage of pulmonary vascular obstruction at time of diagnosis and
at follow up in patients with intermediate-risk and high-risk pulmonary embolism (PE)

VOI at follow-up 1.2 (5.6) 0.5 (2.4) 316 -2.2-0.7

Clot resolution <.001

RPVO 14 (8) 24 (22)
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A Anticoagulation group

B Reperfusion group

Baseline ECHO at PE diagnosis

Lio et al

Baseline ECHO at PE diagnosis
(n=265) (n=105)
No RVD at time of diagnosis RVD at time of diagnosis No RVD at time of diagnosis RVD at time of diagnosis
(n=171) (n=114) (n=20) (n=85)
Repeat ECHO at follow up Repeat ECHO at follow up Repeat ECHO at follow up Repeat ECHO at follow up
(n=73) (n=79) (n=14) (n=66)
New RVD No RVD Improved RV functi Persi / d New RVD No RVD Improved RV function Persistent/ worsened
(n=13) (n=60) (n=51) (n=28) (n=3) (n=11) (n="54) (n=12)

ECHO= echocardiography; RVD= right ventricular dysfunction.
Supplementary Fig (online only). Flow diagram of evaluation of right ventricular (RV) function. ECHO, Echo-

cardiography; PE, pulmonary embolism; RVD, right ventricular dysfunction.
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