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Abstract

Background: Therapeutic options for
intermediate- or high-risk pulmonary
embolism (PE) include anticoagulation,
systemic thrombolysis and catheter-
directed thrombolysis (CDT); however,
the role of CDT remains controversial.
We sought to compare the efficacy and
safety of CDT with other therapeutic
options using network meta-analysis.

Methods: We searched PubMed (MED-
LINE), Embase, ClinicalTrials.gov and
Cochrane Library from inception to
Oct. 18, 2022. We included randomized
controlled trials and observational
studies that compared therapeutic
options for PE, including anticoagula-
tion, systemic thrombolysis and CDT
among patients with intermediate- or
high-risk PE. The efficacy outcome was

in-hospital death. Safety outcomes
included major bleeding, intracerebral
hemorrhage and minor bleeding.

Results: We included data from 44 stud-
ies, representing 20006 patients. Com-
pared with systemic thrombolysis, CDT
was associated with a decreased risk of
death (odd ratio [OR] 0.43, 95% confi-
dence interval [CI] 0.32-0.57), intracere-
bral hemorrhage (OR 0.44, 95% CI 0.29-
0.64), major bleeding (OR 0.61, 95% ClI
0.53-0.70) and blood transfusion (OR
0.46, 95% Cl 0.28-0.77). However, no dif-
ference in minor bleeding was observed
between the 2 therapeutic options (OR
1.11, 95% Cl 0.66-1.87). Compared with
anticoagulation, CDT was also associ-
ated with decreased risk of death (OR
0.36, 95% CI 0.25-0.52), with no

increased risk of intracerebral hemor-
rhage (OR 1.33, 95% Cl 0.63-2.79) or
major bleeding (OR 1.24, 95% ClI
0.88-1.75).

Interpretation: With moderate
certainty of evidence, the risk of death
and major bleeding complications was
lower with CDT than with systemic
thrombolysis. Compared with anti-
coagulation, CDT was associated with a
probable lower risk of death and a
similar risk of intracerebral hemorrhage,
with moderate certainty of evidence.
Although these findings are largely
based on observational data, CDT may
be considered as a first-line therapy in
patients with intermediate- or high-risk
PE. Protocol registration: PROSPERO
— CRD42020182163

Pulmonary embolism (PE) is the third leading cause of death
from cardiovascular disease after myocardial infarction and
stroke. The annual incidence of PE is 39-115 per 100000
population.!

In Canada, the annual age-standardized mortality rate of PE is
about 2.6 deaths per 100000 population.? An early diagnosis is
essential as about one-third of deaths occur suddenly or within a
few hours of the acute event, about 40% of deaths are diagnosed

post mortem, and only 7% of early deaths occur in patients who
were properly diagnosed and treated.?

A risk-adjusted management strategy is essential for patients
with diagnoses of PE. The American Heart Association and the
European Society of Cardiology (ESC) categorize PE into 3 risk
categories. Patients with high-risk or massive PE include those
who show hemodynamic instability. Intermediate-risk or sub-
massive PE includes hemodynamically stable patients with a PE
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Severity Index (PESI) of class IlI-IV or simplified PESI score of 1 or
higher and either elevated cardiac biomarkers or right ventricle
dysfunction. Patients with low-risk PE have a PESI class I-Il or
simplified PESI score less than 1.%°

The 3 major therapeutic strategies for acute PE are hemo-
dynamic and respiratory support, anticoagulation and reperfu-
sion therapy with either systemic thrombolysis or catheter-
directed therapy. Percutaneous catheter-directed thrombolysis
(CDT) allows slow and local infusion of thrombolytic material in
low doses (about a quarter of the systemically administered
dose), directly to the pulmonary arteries, with or without the
use of mechanical or ultrasound fragmentation of the throm-
bus in situ.>®

The evidence that currently supports the efficacy and safety
of CDT in patients with acute PE is suboptimal. Individual stud-
ies have produced mixed results, and study limitations make it
difficult to draw definite conclusions.!° As a result of this uncer-
tainty, treatment guidelines have varied considerably. Accord-
ing to the ESC clinical consensus statement from 2022, CDT
should be considered in patients with high-risk PE when throm-
bolysis has failed or is contraindicated. In stable patients who
have failed anticoagulant therapy, CDT may be a viable option.
The American Society of Hematology 2020 guideline panel sug-
gested using systemic thrombolysis rather than CDT in patients
with PE in whom thrombolysis is considered appropriate.’? A
similar approach was taken by the CHEST Guideline and Expert
Panel Report.t

The aim of this network meta-analysis was, therefore, to
compare the efficacy and safety of different therapeutic strat-
egies (anticoagulation, systemic thrombolysis and CDT) to
determine the best strategy for patients with intermediate- or
high-risk PE.

Methods

Search strategy

We searched for relevant clinical studies in 4 electronic databases,
namely Embase, ClinicalTrials.gov, The Cochrane Library and
PubMed (MEDLINE). The syntax used in database searches is in
Appendix 1, available at www.cmaj.ca/lookup/doi/10.1503/
€mMaj.220960/tab-related-content. The search strategies incorpor-
ated index terms, Medical Subject Headings (MeSH) and text words
for the search concepts (Appendix 1). We did not include any lan-
guage or date restrictions.

We included randomized controlled trials (RCTs), cohort studies
and case-control studies that compared at least 2 therapeutic
options, including anticoagulation, systemic thrombolysis or CDT
(local thrombolysis or ultrasound-assisted CDT). We excluded dupli-
cate reports, case reports, case series, pharmacokinetic studies in
healthy adults, reviews, expert opinions, editorials, letters to the edi-
tor and comments. We included only studies involving participants
with intermediate- (submassive) or high-risk PE. For this purpose, we
used the authors’ definitions in each article. When no explicit defin-
ition was provided, we determined participants’ risk category accord-
ing to ESC and American Heart Association guidelines (Table 1).1-1

We performed the systematic review and network meta-
analysis in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis statement for network
meta-analyses.’” The planned analysis was registered at the
PROSPERO International Prospective Register of Systematic
Reviews (CRD42020182163).

Data extraction and quality assessment
One reviewer (S.Y.) identified the studies. Two reviewers independ-
ently examined the articles for eligibility (S.Y. and R.Z.). They

Table 1: Classification of pulmonary embolism according to European Society of Cardiology and American Heart Association

guidelines

Classification Definition

High-risk PE
e Cardiac arrest (need for CPR)

Acute PE with signs of hemodynamic instability, presenting 1 of the following clinical manifestations:

e Obstructive shock (SBP <90 mm Hg or vasopressors required to achieve SBP = 90 mm Hg, despite adequate
filling status) and end-organ hypoperfusion (i.e., altered mental status; cold, clammy skin; oliguria or anuria;

increased serum lactate)

® Persistent hypotension (SBP <90 mm Hg or SBP drop =40 mm Hg, lasting longer than 15 min and not caused
by new onset arrhythmia, hypovolemia or sepsis)

Intermediate-risk (submassive)  ® Acute PE without signs of hemodynamic instability, but with a PESI class I1I-IV or simplified PESI > 1

PE °

Signs of RV dysfunction on TTE (or CTPA) or elevated cardiac biomarker levels may be present

Intermediate-high risk is defined if both of the following criteria are also present:
® Signs of RV dysfunction on an imaging test (echo or CT)

® Positive cardiac laboratory biomarkers of cardiac damage

Intermediate-low risk is defined if 1 or none of these criteria are present

Low-risk PE*
simplified PESI score <1

Acute PE with no hemodynamic instability, no RV dysfunction and no comorbidity, with a PESI class | or

Note: CDT = catheter-directed thrombolysis, CPR = cardiopulmonary resuscitation, CT = computed tomography, CTPA = computed tomography pulmonary angiogram, PE = pulmonary
embolism, PESI = Pulmonary Embolism Severity Index, RV = right ventricle, SBP = systolic blood pressure, TTE = transthoracic echocardiogram.
*Patients with low-risk PE are not candidates for systemic or catheter-directed thrombolysis and were not included in our study.
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resolved disagreements by consensus or by referring to a third
reviewer (B.H.R.). We manually searched reference lists to iden-
tify additional reports. S.Y. and R.Z. extracted data independ-
ently. When needed, the reviewers contacted the principal inves-
tigators for further data extraction regarding the risk categorization
of the pulmonary emboli.

We assessed the quality of observational studies using the
Newcastle-Ottawa Scale.’® We used the Cochrane tool for assessing
risk of bias for RCTs, and excluded those at high risk of bias.® We
also excluded observational studies with low scores (< 7) on the
Newcastle-Ottawa Scale scale. We excluded studies that showed
significant differences between participant groups in terms of PE
severity and risk factors. We considered the following potential risk
factors in our decision: age (differences in age > 4 yr among
patients older than 60 yr) heart rate greater than 110 beats per
minute, systolic blood pressure less than 100 mm Hg or greater
than 160 mm Hg, arterial oxygen saturation less than 90%, bilirubin
level twice as high as normal, other liver enzymes (aspartate amino-
transferase, alanine aminotransferase and alkaline phosphatase)
3 times higher than normal, cancer, liver disease, cirrhosis, stroke
history, previous major bleeding, dementia and surgical history.

The primary outcomes were all-cause, in-hospital death,
intracerebral hemorrhage and major bleeding. If an event was
not specified as occurring in hospital, we considered the earliest
reported event up to 30 days after the PE. Secondary outcomes
were other bleeding events including minor bleeding, gastro-
intestinal bleeding and need for blood transfusion. We deter-
mined bleeding classification according to definitions in the indi-
vidual studies (Appendix 1, Table S5).

Data analysis

We conducted data analysis and generated network graphs using
frequentist network meta-analysis, applying a random effect
model (package netmeta, version 2.7-0) as described by Riicker®
and Riicker and Schwarzer.?! We performed a design-based
decomposition of Cochran Q to evaluate the homogeneity of the
whole network, the homogeneity within designs and the homo-
geneity and consistency between designs (decomp.design func-
tion in the netmeta package).?? We considered p values less than
0.05 to be evidence of inconsistency. Forest plots also included
heterogeneity measures, I values and lower and upper confidence
limits based on the Cochran Q statistic. We also tested for local
inconsistency in the network meta-analysis and determined the
contribution of direct and indirect evidence (netsplit function in
the netmeta package). We assessed potential publication bias with
a comparison-adjusted funnel plot (funnel.netmeta function in the
netmeta package).? A nonsignificant p value indicated a symmet-
ric funnel plot using the Egger test.?* We conducted pairwise meta-
analyses for all main and secondary outcomes with direct evi-
dence (netpairwise function in the netmeta package). We ranked
treatments based on P-scores.”! We employed the Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) approach for network meta-analysis to assess the cer-
tainty of the results.” We assigned a certainty rating (high, moder-
ate, low or very low) to each comparison and outcome based on
bias, inconsistency, indirectness, imprecision and publication bias.

Sensitivity and subgroup analysis

We performed a subgroup analysis for patients with intermediate-
to high-risk PE. In addition, we conducted sensitivity analyses with-
out studies in which PE severity was classified as unclear; according
to the type of study (RCTs v. observational studies); focusing only
on in-hospital deaths (i.e., excluding deaths up to 30 days after PE
that were not specified as occurring in hospital); and incorporating
the articles that were excluded because of a high risk of bias.

Ethics approval
Approval by an ethics review board was not required because
this study was a review and meta-analysis.

Results

The initial search included publications up to April 2020; we
updated our search in February and October 2022 using the same
syntax. According to the data extraction protocol, we included a
total of 44 studies, including 19 RCTs in the network meta-analysis.
All studies were published and full reports were available.
Results of assessment of bias and reasons for exclusion are found
in Appendix 1 (Figure S10 and Table S3). Table 2 summarizes the
characteristics of the included studies. The network meta-analysis
diagram is shown in Figure 1. Overall, 20006 patients were
included in the network meta-analysis. A graphic representation
of the number of patients in each arm and between arms is
shown in Figure 2. Appendix 1, Table S2 summarizes the charac-
teristics of the 3 treatment comparisons.

All-cause mortality

We evaluated all-cause deaths based on data extracted from
38 studies (Appendix 1, Figures S21 and S28). The overall propor-
tion of deaths among 23916 patients was 10.1%, and the risk of
death was associated with treatment approach (Figure 3). Com-
pared with systemic thrombolysis, CDT was associated with
decreased risk of death (odds ratio [OR] 0.43, 95% confidence
interval [CI] 0.32-0.57, I*> = 34.3%, moderate certainty of evi-
dence). Compared with anticoagulation, CDT was also associ-
ated with decreased risk of death (OR 0.36, 95% CI 0.25-0.52, /> =
34.3%, moderate certainty of evidence).

Major bleeding

Major bleeding was assessed in 33 studies including 14496 patients;
9.4% of patients received a diagnosis of major bleeding
(Appendix 1, Figures S22 and S28). Compared with patients
treated with systemic thrombolysis, those treated with
anticoagulation (OR 0.49, 95% CI 0.36-0.67, /> = 0%) or CDT
(OR 0.61, 95% CI 0.53-0.70, p < 0.0001, /> = 0%) had lower risks of
major bleeding. The certainty of evidence was high for compari-
sons of anticoagulation with systemic thrombolysis; CDT, how-
ever, was associated with low certainty of evidence when com-
pared with systemic thrombolysis (Appendix 1, Figure S28). No
statistically significant difference was seen between patients
treated with CDT and those treated with anticoagulation (OR 1.24,
95% CI 0.88-1.75, > = 0%, low certainty of evidence). Figure 4
shows the comparative risk of major bleeding by treatment.
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Table 2 (part 1 of 2): Study characteristics

Follow-

First author and year No. of up Age, yr, Male,

of publication Study type participants Intervention period mean % Risk of PE

Fasullo 2011% RCT 72 tPAv. UFH 6 mo 56.0 56.9 Intermediate-high

D’Auria 2020% Cohort 198 CDT v. AC 2yr 58.5 52.0 Intermediate

Schissler 2018% Cohort 104 USAT v. AC 6 mo 55.6 44.2 Intermediate

Meyer 2014% RCT 1005 TNKv. UFH 30d 66.1 47.0 Intermediate-high

Beyer 2020% Cohort 5436 CDT/USAT v. ST 30d 5915 50.9 High: 11.2%
Unclear: 88.8%

Dotter 1979 RCT 31 SKv. UFH 7d 59.5 38.7 Intermediate or high

Avgerinos 2016% Cohort 128 CDT/USAT v. AC 14d 5988 49.2 Intermediate-high

Klevanets 20173 Cohort 209 CDTv. ST 6 mo 56.0 52.6 High

Macovei 2015* RCT 52 IAT v. SK NA 54.9 44.2 High

Sharifi 2019% Cohort 97 USAT v. HDT 30d 60.0 57.7 High: 14.4%
Intermediate-high: 85.6%

Jerjes-Sanchez 1995% RCT 8 SKv. UFH 1-3d 62.5 63.0 High

Blackmon 1970% RCT 160 UKv. UFH 14d >50.0 57.3 Intermediate or high

Stein 1990% RCT 13 tPAv. UFH 7d 55.6 58.5 Unclear

Yoo 2016* Cohort 72 CDTv. ST 10d 63.9 30.6 High: 50%
Intermediate: 50%

Hamel 2001* Cohort 128 STv.AC 3yr 72.0 31.0 High

Liang 20174 Cohort 2860 CDTv. ST 3yr 56.0 55.0 High: 11.3%
Intermediate: 88.7%

Tibbutt 1974 RCT 30 SKv. UFH 6 mo 48.7 50.0 Intermediate or high

Ahmed 2018% RCT 52 STv.AC NA 44.7 46.1 Intermediate-high

Ly 1978* RCT 25 SKv. UFH 30d 53.2 44.0 Intermediate or high

Miller 19714 RCT 23 SKv. UFH 3d 50.5 34.8 High

Kucher 2014 RCT 59 USAT v. UFH 90d 63.0 47.0 Intermediate

Arora 20174 Cohort 3384 CDTv. ST 30d 50-79 52.1 Unclear

Avgerinos 2018 Cohort 317 CDTv. ST 30d 58.8 47.9 High: 28.4%
Intermediate: 71.6%

Goldhaber 1993% RCT 101 tPAv. UFH 14d 58.5 43.5 Intermediate: 45.5%
Unclear: 55.5%

Zhang 2018%° RCT 66 rt-PA v. LMWH 90d 59.5 48.5 Intermediate

Sista 2018%* Cohort 85 STv.ACv.CDT NA 65.0 50.6 High: 9%
Intermediate: 91%

Dalla-Volta 1992%2 RCT 36 tPAv. UFH 30d 64.7 33.0 Unclear

Sharifi 2013% RCT 121 tPA v. UFH/LMWH 840d 58.5 45.5 Intermediate

Konstantinides 2002%* RCT 256 tPAv. UFH 30d 62.1 47.6 Intermediate

Lee 2020%® Cohort 820 STv.AC 3mo 64.2 46.5 High

Stein 2020 Cohort 1830 CDT v. AC 90d 60.0 58.5 Intermediate

Rehman 2020%" Case-control 86 STv.AC 30d 59.9 61.6 Intermediate-high

Bradley 2022° Cohort 63 tPAv. UFH v. CDT NA 55.4 57.1 Intermediate-high

Gorgis 2022%° Cohort 384 USAT v. AC 12 mo 59.3 49.0 Intermediate-high

Harrison 2021 Cohort 34 CDT v. AC NA 75.7 NA Intermediate-high

Kline 2021% Cohort 130 USAT v. AC NA 63.0 43.8 Intermediate

Kroupa 20225 RCT 23 CDT v. AC 30d 62.0 56.5 Intermediate-high

Lin 2021¢ Cohort 1303 CDTv. ST 3.4yr 62.7 44.7 Unclear
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Table 2 (part 2 of 2): Study characteristics

Follow-
First author and year No. of up Age, yr, Male,
of publication Study type participants Intervention period mean % Risk of PE
Patel 20155 Cohort 868 CDTv. ST Unclear 58.0 37.0 Unclear
Sadeghipour 2022% RCT 94 CDT v. AC 3mo 58.4 71.0 Intermediate-high
Weng 2021¢¢ Cohort 81 Low-dose UK v. Unclear 65.6 43.2 Intermediate-high
LMWH
Yilmaz 2021¢ Cohort 76 Half-dose rt-PA v. 6 mo 66.0 46.1 Intermediate
LMWH
Zimmermann 2022 Cohort 55 STv.AC lyr 62.0 68.1 Intermediate-high
Geller 2020% Cohort 1258 CDT v. ST lyr 57.4 54.7 Unclear

Note: AC = anticoagulation, CDT = catheter-directed thrombolysis, HDT = systemically administered half-dose thrombolysis, IAT = intra-arterial thrombolysis, LMWH = low-molecular-
weight heparin, NA = not available, PE = pulmonary embolism, RCT = randomized controlled trial, rt-PA = recombinant tissue plasminogen activator, SK = streptokinase, ST = systemic
thrombolysis, TNK = tenecteplase, tPA = tissue plasminogen activator, UFH = unfractionated heparin, UK = urokinase, USAT = ultrasound-assisted catheter-directed thrombolysis.

Intracerebral hemorrhage

Intracerebral hemorrhage was specifically assessed and com-
pared in 22 studies, including 20318 patients (Appendix 1,
Figure S23). A total of 1.73% of the patients received a diagno-
sis of intracerebral hemorrhage. Compared with systemic
thrombolysis, CDT (OR 0.44, 95% CI 0.29-0.64, /> = 13.6%) and
anticoagulation (OR 0.33, 95% CI 0.17-0.63, /> = 13.6%) were
associated with decreased risk for intracerebral hemorrhage.
The certainty of evidence was moderate for CDT compared
with systemic thrombolysis. Comparing anticoagulation with
systemic thrombolysis, the level of certainty of evidence was
low (Appendix 1, Figure S28).

The risk of ICH was not significantly different between
patients treated with anticoagulation and those treated with CDT
(OR 1.33,95% Cl 0.63-2.79, > = 13.6%, low certainty of evidence).
Figure 5 shows the comparative risk of intracerebral hemorrhage
by treatment.

Other bleeding

Minor bleeding was assessed in 20 studies, including
5272 patients (Appendix 1, Figure S24). Patients treated with
anticoagulation had a lower risk of minor bleeding than patients
treated with systemic thrombolysis (OR 0.35, 95% Cl 0.24-0.52,
>=9.7%); CDT was also associated with increased risk for minor
bleeding compared to anticoagulation (OR 3.14, 95% Cl 1.73-
5.68, I = 9.7%). The risk of minor bleeding was not significantly
different between patients receiving CDT and patients receiving
systemic thrombolysis (OR 1.11, 95% ClI 0.66-1.87, I*> = 9.7%).
Figure 6 shows the comparative risk of minor bleeding
by treatment.

The receipt of blood transfusion was assessed in 16 studies,
including 12713 patients (Appendix 1, Figures S2 and S25).
Patients treated with CDT had a lower risk of receiving blood
transfusion than patients treated with systemic thrombolysis
(OR 0.46, 95% CI1 0.28-0.77, I = 35.1%). The need for blood trans-
fusion was not significantly different between patients treated
with CDT and those treated with anticoagulation (OR 0.47, 95%
C10.21-1.07, = 35.1%).

Gastrointestinal bleeding was assessed in 11 studies, includ-
ing 15705 patients (Appendix 1, Figure S3). There were no sta-
tistically significant differences between the treatments
(Appendix 1, Figure S26).

In terms of death, CDT had the highest P-score. When considering
intracerebral hemorrhage, major and minor bleeding, anti-
coagulation had the highest P-score. When it comes to complica-
tions related to bleeding, CDT ranked higher than systemic throm-
bolysis, except in cases of minor bleeding (Appendix 1, Figure S27).

Subgroup analyses

Among patients with intermediate- to high-risk PE, 6 studies
compared CDT to anticoagulation, 7 studies compared systemic
thrombolysis to anticoagulation and 2 studies compared CDT to
systemic thrombolysis. Network graphs and key characteristics
of treatment arms are summarized in Appendix 1, Figure S13 and
Table S2. Systemic thrombolysis was associated with a lower risk
of death than anticoagulation (OR 2.51, 95% CI 1.03-6.14). No
statistically significant difference was observed between patients
who received CDT and patients who received systemic therapies
(Appendix 1, Figure S12).

Among 19 RCTs, only 1 compared CDT to systemic throm-
bolysis (Appendix 1, Table S2). No statistically significant differ-
ences in risk of death or major bleeding were observed among
patients treated with CDT compared with those treated with
systemic thrombolysis (Appendix 1, Figures S5 and S6). Among
25 observational studies, 12 compared CDT with systemic
thrombolysis. Compared with systemic thrombolysis, CDT was
associated with decreased risk of death (OR 0.42, 95% Cl 0.31-
0.58, I? = 53.5%), intracerebral hemorrhage (OR 0.46, 95% Cl
0.28-0.74, I* = 32%) and major bleeding (OR 0.61, 95% Cl 0.53-
0.71, I*= 1%) (Appendix 1, Figures S5 to S9).

Sensitivity analyses

We conducted sensitivity analyses for primary outcomes, exclud-
ing studies that did not have a clear definition of PE severity
(defined as “unclear”). Subtracting the “unclear” participants
reduced the statistical power of the analysis, especially when
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comparing CDT with systemic thrombolysis. Results, however,
remained unchanged (Appendix 1, Figure S10).

Moreover, we conducted a sensitivity analysis with the stud-
ies that were previously excluded because of high risk of bias. In
these studies, potential confounders were not properly
accounted for (Appendix 1, Table S4). However, the results did
not change significantly (Appendix 1, Figure S11).

In addition, we conducted a sensitivity analysis focusing only
on in-hospital death; our findings remained similar (Appendix 1,
Figure S1).

Publication bias and inconsistency

We found no evidence of publication bias on the funnel plots and
by the Egger test (Appendix 1, Figure S14). The risk of bias assess-
ment is summarized in Appendix 1, Figure S28 and Table S3. The
Cochran Q statistic showed no general inconsistency in all pri-
mary and secondary outcomes (with all p values greater than
0.05). Node-splitting according to a random effect model showed
no evidence of incoherence in primary and secondary outcomes
analyses (Appendix 1, Figures S15 to S20).

Interpretation
Our network meta-analysis of 44 studies with 20006 patients

showed with moderate certainty that CDT was associated with a
lower risk of death than systemic thrombolysis and anticoagulation,

a lower risk of intracerebral hemorrhage than systemic throm-
bolysis and a similar risk of intracerebral hemorrhage as anti-
coagulation; these findings were based mainly on observational
studies. In subgroup analyses of patients with intermediate-high-
risk PE, systemic thrombolysis significantly decreased the risk of
death compared with anticoagulation. This is of interest, as this
subgroup of patients is at serious risk for adverse outcomes and
may benefit from more intensive therapy. The large confidence
interval in analyses involving patients with intermediate- to high-
risk PE treated with CDT suggests that evidence for this subgroup
needs further evaluation.

The decreased risk of death among patients treated with CDT
may be related to more efficacious treatment of the PE, along
with increased safety. Improved efficacy of local treatment (CDT)
compared with systemic thrombolysis can be explained by
hypoxic pulmonary vasoconstriction, also known as the
von Euler-Liljestrand mechanism. According to this mechanism,
the consequence of ventilation/perfusion mismatch may divert
blood flow from the hypoxic, affected pulmonary circulation to
the relatively normal, unaffected circulation, reducing the extent
of thrombolysis in the clot area among patients receiving sys-
temic thrombolysis.”®™ In addition, CDT with a multi-hole cath-
eter directly infuses thrombolysis and provides direct contact with
the thrombolytic agent to a greater surface area of thrombus.™

As for safety outcomes, we found a statistically significant
lower risk for intracerebral hemorrhage, major bleeding and
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—— Records removed before screening

« Duplicate records n =827

Records screened n=4383

—— Records excluded* n=4329

« Wrong outcome n=2334

« Wrong population n=2278

« Wrong publication type n =489
« Wrong study design n =233

« Results not available n=70
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Figure 1: Flow chart. *Studies could be excluded for more than 1 reason. Note: NOS = Newcastle-Ottawa Scale.
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blood transfusion after the acute PE episode among patients
treated with CDT compared with patients treated with systemic
thrombolysis. Importantly, CDT was not associated with a
higher risk of intracerebral hemorrhage and major bleeding
compared with anticoagulation. This favourable safety profile of
CDT can be explained by the relatively low doses of the throm-
bolytic agent that are injected locally, reducing the total dose of
the lytic drug to 10%-20% compared with systemic throm-
bolysis, minimizing systemic drug exposure, including within the
central nervous system.”™ "

A All-cause death

Anticoagulation

n=9295 i
Participants
> 3182
Panrtzlcégir;ts 11 Thrombolysis
n=_8463
10
Participants
n=11541
CcDT
n=6158

C Intracranial hemorrhage

Anticoagulation
n=3014 -
Participants

pg, 172424

Participants 3
n=2412 Thrombolysis

n=10638

Participants
n=15482

CcDT
n=6666

E Blood transfusion

Anticoagulation

n=1069
Participants
n=1120
Participants
n=449 Thrombolysis
n=7834
Participants
n=11144
CDT
n=3810

Figure 2: Net graphs of primary and secondary outcomes, showing the number of participants included in analyses of (A) all-cause death, (B) major bleeding,
(C) intracranial hemorrhage, (D) minor bleeding, (E) blood transfusion and (F) gastrointestinal bleeding. Note: CDT = catheter-directed thrombolysis. The size
of the red circle and corresponding sample size indicates the number of participants who received that treatment. The number of participants along the tri-
angle sides indicates those involved in comparison of treatment arms. The thickness of the sides in the triangle indicates how many studies were conducted

In contrast to the lower risk of intracerebral hemorrhage
events, the risk of minor bleeding episodes was not lower among
patients treated with CDT compared with those treated with sys-
temic thrombolysis. This may be related to the interventional
nature of CDT, with postprocedural minor bleeding or hema-
toma, mainly related to access site, in around 24% of patients.™

Although this study should be interpreted as hypothesis gener-
ating, our findings suggest that, among patients eligible for CDT and
where facilities exist, CDT should be the preferred treatment, given
its effectiveness and the higher toxicity of systemic thrombolysis.

B Major bleeding

Anticoagulation
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D Minor bleeding
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n=1757

F Gastrointestinal bleeding

Anticoagulation
n=_824
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n=949

Participants Thrombolysis

n=198 n=9177
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n=14558
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n=5704

between treatments. As the number of articles comparing treatments increases, the thickness increases. Some studies included 3 treatment arms.
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Type of treatment OR (95%Cl) p value Incoherence Decreased risk  Increased risk
«— —>
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CDTv. ST 0.43 (0.32-0.57) <0.0001 0.2004 il

CDTv.AC 0.36 (0.25-0.52) <0.0001 0.1532 i
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Figure 3: Network meta-analysis of the association between treatment for pulmonary embolism and all-cause death. Size of squares is proportional to the
weight of each arm. Decreased or increased risk of the outcome is of the first type of treatment in comparison, relative to the second type of treatment. The
p value indicates the probability of observing the differences between direct and indirect treatment effects. The presence of incoherence is indicated by a p value
less than 0.05. Note: AC = anticoagulation, CDT = catheter-directed thrombolysis, Cl = confidence interval, OR = odds ratio, ST = systemic thrombolysis.

Type of treatment OR (95%Cl) p value Incoherence ) )
Decreased risk  Increased risk
«— —>
ACv. ST 0.49 (0.36-0.67) <0.0001 0.8174 ——
CDTv. ST 0.61(0.53-0.70)  <0.0001 0.9973 Hl
CDTv.AC 1.24(0.88-1.75) 0.2 0.8113 —a—

Heterogeneity and inconsistency
= 0;T=0; 2= 0% (0.0%; 39.2%)
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Figure 4: Network meta-analysis of the association between treatment for pulmonary embolism and major bleeding. Size of squares is proportional to the
weight of each arm. Decreased or increased risk of the outcome is of the first type of treatment in comparison, relative to the second type of treatment. The
p value indicates the probability of observing the differences between direct and indirect treatment effects. The presence of incoherence is indicated by a p value
less than 0.05. Note: AC = anticoagulation, CDT = catheter-directed thrombolysis, Cl = confidence interval, OR = odds ratio, ST = systemic thrombolysis.

A previous meta-analysis in 2017 assessed the efficacy and
safety of catheter-directed interventions in submassive PE.*°
Among the 13 studies published, 422 patients received a diag-
nosis of submassive PE. Pooled mean right ventricle-to-left
ventricle ratios and pulmonary artery pressures decreased
postintervention. An analysis of safety outcomes showed low
pooled rates of in-hospital mortality, major bleeding and
minor bleeding. This study, however, had no comparison to a
control group.

A systematic review and network meta-analysis published in
July 2015 by Jimenez and colleagues® included 2494 partici-
pants from 22 trials. This study compared full-dose and low-
dose systemic thrombolysis, CDT (1 study) and anticoagulation.
Full-dose thrombolysis, low-dose thrombolysis and CDT
trended toward a lower overall mortality rate than anticoagula-
tion, without reaching statistical significance. In terms of risk of
death, CDT had the lowest OR at 0.31 (95% CI 0.01-7.96);
however, since the CDT arm had a small sample size (59 of
2494 patients), it is not possible to draw any clinical conclu-
sions based on these results.

Limitations

In this analysis, we included RCTs as well as observational stud-
ies, some of which involved a small number of patients. How-
ever, we excluded observational studies with a substantial risk of
bias, according to our strict protocol.

We analyzed all studies involving CDT, with or without frag-
mentation or ultrasound properties, under 1 arm. In addition, we
did not include other endovascular techniques such as suction
embolectomy, which makes it impossible to draw any conclu-
sions regarding the preferred method of catheter-directed ther-
apy for PE.

In line with other systematic reviews in the field of CDT, most
of the observations and conclusions concerning CDT are based
on observational studies.”””® To minimize selection bias, we
excluded observational studies that showed significant baseline
differences between groups with respect to PE severity and risk
factors. The risk classification of PE and definitions of major
bleeding and minor bleeding varied across studies and explicit
details regarding these definitions were not always available.
Among the 44 included studies, various doses and dose regimes
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Type of treatment OR (95%Cl) p value Incoherence Decreased risk  Increased risk
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Figure 5: Network meta-analysis of the association between treatment for pulmonary embolism and intracranial hemorrhage. Size of squares is proportional to
the weight of each arm. Decreased or increased risk of the outcome is of the first type of treatment in comparison, relative to the second type of treatment. The
p value indicates the probability of observing the differences between direct and indirect treatment effects. The presence of incoherence is indicated by a p value
less than 0.05. Note: AC = anticoagulation, CDT = catheter-directed thrombolysis, Cl = confidence interval, OR = odds ratio, ST = systemic thrombolysis.

Type of treatment OR (95%Cl) p value Incoherence Decreased risk  Increased risk
ACV. ST 0.35(0.24-0.52) <0.0001 0.1385 - H

CDTV.ST 1.11 (0.66-1.86) 0.7 0.1567 ——
CDTv.AC 3.14(1.73-5.68) 0.0002 0.1073 i
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Figure 6: Network meta-analysis of the association between treatment for pulmonary embolism and minor bleeding. Size of squares is proportional to the
weight of each arm. Decreased or increased risk of the outcome is of the first type of treatment in comparison, relative to the second type of treatment. The
p value indicates the probability of observing the differences between direct and indirect treatment effects. The presence of incoherence is indicated by a p value
less than 0.05. Note: AC = anticoagulation, CDT = catheter-directed thrombolysis, Cl = confidence interval, OR = odds ratio, ST = systemic thrombolysis.

were used. Since the authors did not always provide data on
doses and regimens in each study, and different regimes were
often used within the same study, we did not describe the spe-
cific dose and regimen in each study. The analysis also included
various types of thrombolytic and anticoagulation therapies,
which may not have been proven to be preferable in terms of effi-
cacy and safety in the management of acute PE.° Finally, we did
not differentiate between low-dose and high-dose systemic
thrombolysis since only a very small number of patients received
low-dose systemic thrombolysis. Despite these limitations, we
believe that our findings should lead to the conduct of appropri-
ate RCTs, such as the ongoing Higher-Risk Pulmonary Embolism
Thrombolysis (HI-PEITHO) trial,” which aims to establish first-
line treatment for intermediate- to high-risk PE.

Conclusion

With moderate certainty of evidence, the risk of death and major
bleeding, including intracranial hemorrhage, was lower with CDT
than with systemic thrombolysis. Compared with anticoagula-
tion, CDT was associated with a lower risk of death and may be

associated with similar risk of intracranial hemorrhage and
major bleeding, with moderate certainty of evidence. Although
these findings were driven mainly by observational data, centres
that specialize in CDT can consider it as first-line therapy among
patients with intermediate- to high-risk PE.
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