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META-ANALYSIS

Catheter-directed Thrombolysis versus Systemic Anticoagulation for Sub-
massive Pulmonary Embolism: A Meta-Analysis
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Abstract: Background: The optimal therapy for submassive pulmonary embolism remains in ques-
tion. The following meta-analysis compiles the current evidence comparing Catheter-Directed
Thrombolysis (CDT) versus Systemic Anticoagulation (SA).
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Methods: An electronic search through PubMed and Google scholar revealed studies comparing
CDT versus SA in terms of mortality and major bleeding events. Thirty-day, 90-day, and one-year

Results: Six studies were included in the meta-analysis. Thirty-day and one-year mortality were

less with CDT compared to SA (OR 0.27 [CI 0.11-0.67]; and OR 0.50 [CI 0.28-0.89]). Ninety-day
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mortality was similar between the two methods (OR 0.57 [CI 0.17-1.92]). Compilation of all

studies reporting at least greater than 30-day mortality revealed less mortality with CDT (OR 0.51
[0.30-0.86]). Major bleeding was similar between the two treatments (OR 1.63 [CI 0.63-4.20]).

Conclusion: CDT has less 30-day and 1-year mortality with equivalent rates of major bleeding
compared to SA for treatment of submassive pulmonary embolism.

Keywords: Submassive pulmonary embolism, catheter-directed thrombolysis, systematic anticoagulation, thrombolytic, he-

parin, hemodynamic instability.

1. INTRODUCTION

Acute pulmonary embolism (PE) is associated with high
morbidity and is one of the leading causes of cardiovascular
mortality. Treatment options include systemic thrombolysis,
catheter-directed interventions, and surgical thromboem-
bolectomy. Systemic anticoagulation is the standard of care
for most PEs. Massive (high-risk) PEs - defined as PEs caus-
ing hemodynamic instability - confer high hospital mortality
and therefore are treated with thrombolytic therapy [1]. Sys-
temic anticoagulation (SA) is the treatment of choice with
the goal of stabilization and eventual dissolution of the clot.
Surgical interventions are an option of last resort due to the
associated morbidity and mortality in the treatment of acute
PE [2-3].

Submassive (intermediate-risk) PEs, defined as PEs that
cause no hemodynamic changes and less mortality risk than
massive PEs but cause increased right heart strain, remain in
question in regards to treatment. The PEITHO trial showed
no difference in mortality with systemic thrombolytics
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versus SA alone but found less risk of shock with more risk
of significant bleeding with systemic thrombolytics [4].

The recent development of catheter-directed therapies, in-
cluding Catheter-Directed Thrombolysis (CDT), ultra-
sound-accelerated thrombolysis (USAT), and pharmacome-
chanical thrombectomy, introduced more methods to treat
acute PE [6]. Several recent studies have suggested a clini-
cal benefit of CDT in the treatment of submassive PEs [5],
but data comparing CDT versus SA alone remain controver-
sial. With a delivery system that focuses thrombolytic admin-
istration on the embolism itself at a lower dose, CDT may
confer a safer approach to clot dissolution. This meta-analy-
sis compiles the current evidence comparing CDT versus
SA where thirty-day, 90-day, and one-year mortality results
are analyzed between six different studies.

2. METHODS

2.1. Data Collection

An electronic search through PubMed and Google scho-
lar revealed studies comparing CDT versus SA for submas-
sive PE treatment in terms of mortality. While the SA group
received only systemic anticoagulation (i.e., heparin), the
CDT group received both the catheter intervention for fo-
cused delivery of thrombolytics and systemic anticoagula-
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tion. Keywords included the following: Submassive, Pulmo-
nary Embolism, Catheter, Thrombolysis, Systemic, Heparin,
Thrombolytics, Systemic Anticoagulation, Mortality, and Sur-
vival. Submassive PE was defined as evidence of PE with
signs of concomitant heart strain (i.e., echocardiographic evi-
dence of increased right ventricular pressure, septal flatten-
ing, or systolic dysfunction; elevated troponin levels) with-
out hypotension or hemodynamic instability similar to the
criteria used in the PEITHO trial [4]. Major bleeding,
defined as requiring red blood cell transfusion or that accord-
ing to the criteria of the International Society of Thrombosis
and Hemostasis, [7] was a secondary endpoint. Abstracts
were reviewed for relevancy and to check whether further
reading of the manuscript was warranted. Inclusion criteria
included presenting 30-day, 90-day, or one-year all-cause
mortality results. Studies including other types of PE were
excluded. Information was organized and compiled in its re-
spective period.

2.2. Statistical Analysis

Endpoints for the meta-analysis reflected the mortality
period as listed in the inclusion criteria. Statistical analyses
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used the Review Manager Version 5.3 (The Cochrane Col-
laboration, Copenhagen, Denmark) software program. For-
est plots were created with the DerSimonian and Laird
fixed-effects model. The odds ratio (OR) with a 95% confi-
dence interval (CI) was reported. The value marking no sig-
nificance via confidence interval was 1. An I’ greater than
50% suggested significant heterogeneity. If significant
heterogeneity existed, a random-effects model was used in-
stead.

3. RESULTS

3.1. Selection Process

A total of 3471 studies were initially identified as poten-
tial candidates for the analysis (Fig. 1). After further screen-
ing and employing exclusion criteria, six studies met the cri-
teria for the meta-analysis (Table 1). Baseline characteristics
were similar between the two groups except for CDT having
more patients with diabetes mellitus and SA having more
coronary artery disease and stroke history (Table 2). A total
0of 391 CDT and 460 SA patients were included in the meta--
analysis.

c
2 Records identified through
B database searching
= fn = 3471
=
-}
=
— b
Records after duplicates removed
(n= 3422)
e
=
=
@
E L
o
4 Records screened # Records excduded
[n= 3422) " {n= 3400)
L
Full-text articles assessed Full-text articles excluded,
= for eligibility with reasons
a n= 221 (n= 16)
2
e Not comparing
L therapies
) Studies included in Studying other
gualitative synthesis forms of
" in—e) pulmonary
embolism
o
a L
-
2 Studies included in
£ quantitative synthesis
(meta-analysis)
L (n=18)

Fig. (1). Flow Diagram of Study Selection
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Table 1. Details of selected studies.

Number of[Number of

Study Type CDT SA Device (Dose Protocol) Contribution
EkoSonic Endovascular System (rtPA .
Kucher 2014 [8] [Randomized controlled trial 30 29 1 mg/hr for 5 hours, then 0.5 mg/hr for 90-day morta!lty, Grgater thal.l 30-day mor-
tality, Major bleeding
10 hours)
. . . EkoSonic Endovascular System (tPA .
Avgerinos 2016 | Retrospective, propensity 64 64 2-4 mg bolus followed by 0.5-1 90-day morta!lty, Gr_eater thar} 30-day mor-
[9] score-matched tality, Major bleeding
mg/hr)
. . 90-day mortality, Greater than 30-day mor-
Lat 2018 [10] Retrospective 13 109 unspecified tality, Major bleeding
. Retrospective, propensity . 30-day mortality, One-year mortality,
Mawri 2018 [11] score-matched 120 120 unspecified Greater than 30-day mortality

EkoSonic Endovascular System (alte- One-year mortality, Greater than 30-day mor-

Schissler 2018 .
[12] Retrospective 65 39 plase 0-5 mﬁ;ﬁ:u; ffl(l);li(;;v)ed by 0.5-1 tality, Major bleeding
. . . 30-day mortality, One-year mortality,
D’Auria 2020 [13] Retro:gz::_\gég lil(g:jensny 99 99 Unspecified (tPﬁOlll?;;g/hr forup to 12 Greater than 30-day mortality, Major
bleeding

CDT - Catheter-Directed Thrombolysis; SA - Systemic Anticoagulation; tPA - tissue plasminogen activator; rtPA - recombinant tissue plasminogen activator

Table 2. Baseline characteristics of studies selected.

Characteristic CDT (Range) [ SA (Range) Studies Included
Total Patients 391 (13-120) | 460 (20-120) Kucher 2014 [8], Avgerinos 2016 [9], Lat 2'018 [10], Mawri 2018 [11], Schissler 2018 [12],
D’Auria 2020 [13]
Age (years) 57.8 (54.0-64.0)[59.7 (58.0-62.0) Kucher 2014 [8], Avgerinos 2016 [9], Schissler 2018 [12], D’ Auria 2020 [13]
Female (%) 54.2 (52.3-63.0)|47.6 (41.0-64.1) Kucher 2014 [8], Avgerinos 2016 [9], Schissler 2018 [12], D’ Auria 2020 [13]
Hypertension (%) 52.2 (46.2-67.0)(52.3 (50.0-56.4) Kucher 2014 [8], Avgerinos 2016 [9], Schissler 2018 [12]
Smoking History (%) 22.6 (13.0-32.3)[20.5 (13.0-28.2) Kucher 2014 [8], Avgerinos 2016 [9], Schissler 2018 [12]
Diabetes Mellitus (%)  |20.0 (20.0-20.0)[11.8 (10.3-14.0) Kucher 2014 [8], Schissler 2018 [12]
Congestive Heart Failure (%)| 3.4 (1.5-7.0) | 4.8 (2.0-10.9) Kucher 2014 [8], Avgerinos 2016 [9], Schissler 2018 [12], D’ Auria 2020 [13]
Coronary Artery Disease (%)| 9.8 (7.0-10.9) | 12.5 (3.0-15.6) Kucher 2014 [8], Avgerinos 2016 [9], D’ Auria 2020 [13]
Chronic Lung Disease (%) |18.4 (12.0-27.7)[19.8 (10.9-28.2) Avgerinos 2016 [9], Schissler 2018 [12], D’ Auria 2020 [13]
Stroke (%) 8.4 (0.0-12.3) | 14.7 (3.0-23.1) Kucher 2014 [8], Schissler 2018 [12]
Hx of DVT/PE (%) 18.9 (14.0-23.1)[ 18.3 (4.7-28.2) Avgerinos 2016 [9], Schissler 2018 [12], D’ Auria 2020 [13]
CDT - Catheter Directed Thrombolysis; SA - Systemic Anticoagulation; DVT - Deep Vein Thrombosis; PE - Pulmonary Embolism

coT 54 Oudds Ratio Odds Ratio

Study or Subgroup  Evenls Tolal Events Tolal Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
D'furiz 2019 3 99 6 99 285% 0.481[012,1.99) T
Maweri 2015 3170 15 120 71.5% 018 [0.05, 0564 ——
Total (95% CI) 219 210 100.0%  0.27 [0.11, 0.67] e
Total evenis 3 21

feter ity Chi?= =1{F= iP= [ ; - : !
e e I T .

. =Za0E=1 Favors Catheter Favors Anticoagulation

Fig. (2). Thirty-day mortality between catheter-directed thrombolysis versus systemic anticoagulation for submassive pulmonary embolism.

3.2. Mortality Rates (OR 0.27 [CI 0.11-0.67]). There was no significant hetero-

. . 2
For 30-day mortality, two studies with a total of 219 geneity between the two studies (/"=6).

treated patients and 219 controls were analyzed (Fig. 2). For 90-day mortality, three studies with a total of 107
Thirty-day mortality was less with CDT compared to SA treated and 202 controls were reviewed (Fig. 3). Ninety-day
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mortality was similar between the two methods (OR 0.57
[CI 0.17-1.92]). There was no heterogeneity in the analysis.

One-year mortality included three studies in the analysis
(Fig. 4). One-year mortality was less with CDT compared to
SA (OR 0.5 [CT 0.28-0.89]). There was no heterogeneity be-
tween the two studies.

Compilation of all studies reporting at least greater than
30-day mortality revealed less mortality with CDT (OR 0.51
[0.30-0.86]) (Fig. S5). This included 393 treated and 521 con-
trol subjects. There was no heterogeneity among the studies.
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3.3. Major Bleeding

Major bleeding was similar between the two studies in
treated groups (OR 1.63 [CI 0.63-4.20]) (Fig. 6). There was
no heterogeneity between the studies.

4. DISCUSSION

Results of the meta-analysis show better all-cause mortal-
ity outcomes at 30 days and 1 year with CDT compared to
SA alone for submassive PEs. The rate of major bleeding

was similar between the two therapies.

coT SA Odds Ratio Ddds Ratio

Study or Subgroup  Events Total Events Total Weight M.H. Fixed, 95% CI M.H, Fixed, 95% CI
Ayaerinos 2016 1 4 3 64 384% 032003 3.19] u
Kuchar 2014 o 30 13 195%  0.31[0.01, 7.96] =
Lat 2018 A 18 109 422% 0920019, 4.50 j
Total {95% CI) 107 202 100.0% 057 [0.17,1.92]
Tolal events 3 22

&= = = ‘2= ; - : !
Heterogenaity Chi®= 072, di= 2P = 0700, 1F= 0% oo 01 A 100

Testfor overall effect 2= 090 (F = 0.37)

Favars Catheter Favors Anticoagulation

Fig. (3). Ninety-day mortality between catheter-directed thrombolysis versus systemic anticoagulation for submassive pulmonary embolism.

coT 54 (dds Ratio Odds Ratic
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% C1 M-H, Fixed, 95% C|
DiAuria 2019 a ok ] 18 93 48.7% 0.40 [0.16, 0.96] —l—
Kawerl 2018 8 10 17 120 46.7%  0.43[018,1.048) —
Schigsler 2018 3 67 2 400 45% 23000371413 E—
Total (95% Cl) 286 319 100.0%  0.50 [0.28, 0.89] -l
Total events 19 KT
Heterogeneily. Chi"= 3.08, df= 2 (P=0.21), F=35% :IZI M I:]:*I 1:1] 1|:||:|:

Testfor owerall effect Z= 2.36 (P =0.02)
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Fig. (4). One-year mortality between catheter-directed thrombolysis versus systemic anticoagulation for submassive pulmonary embolism.
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Eucher 2074 o an 1 28 36% 0.31 [0.01, 7.968]
Lat 2018 2 13 18 1089  78% 0921019, 4.50] I R
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Schissler 20138 E] BT 2 100 37%  Z.230[0.37, 14.13] =
Total (959% CI) 383 521 100.0¢% 0.51 [0.30, D.86] "'
Tolal gwents 22 59
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Fig. (5). Greater than 30-day mortality between catheter-directed thrombolysis versus systemic anticoagulation for submassive pulmonary

embolism.
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Fig. (6). Major bleeding rates between catheter-directed thrombolysis versus systemic anticoagulation for submassive pulmonary embolism.

While the results show a benefit with CDT at 30-day and
one year, 90-day mortality remained similar between the
two groups. This may be explained by the exclusion of the
studies by Mawri and D’ Auria in the 90-day mortality analy-
sis [11-13]. Both studies presented a significant amount of
mortality for systemic anticoagulation in 30-day (Mawri)
and at one year (D’ Auria). The causes of death in the studies
were not clearly presented, but D’Auria was able to con-
clude that 12 of the 15 known causes of death were PE-asso-
ciated [13]. Neither study could be added into the 90-day
mortality analysis since they lacked the results at that time
frame. Furthermore, it needs to be noted that the only ran-
domized controlled trial was included in the 90-day mortali-
ty analysis and not 30-day or one year. The ULTIMA ran-
domized controlled trial by Kucher et al. showed no differ-
ence in mortality, having only one mortality (from pancreat-
ic cancer) in the SA arm [10]. However, compiling an analy-
sis of greater than 30-day mortality, which included all the
studies, showed a mortality benefit for CDT.

The role of systemic thrombolysis in submassive PE is
controversial [14]. The PEITHO trial showed that systemic
thrombolytic therapy may improve hemodynamics but with
an increased risk of significant bleeding [4]. CDT was devel-
oped to achieve a hemodynamic benefit similar to thrombol-
ysis while minimizing complications by utilizing localized
delivery with lower thrombolytic agent dosages. It has a ben-
efit for patients with massive, hemodynamically unstable
PEs [6]. However, data on its clinical efficacy with submas-
sive PE remain limited. Some studies show statistically signi-
ficant improvement in 30-day mortality with CDT compared
to SA [11,13].

The only randomized controlled trial comparing submas-
sive PE patients treated with CDT and anticoagulation with
heparin alone (ULTIMA trial) showed decreased right ven-
tricular dilation and pulmonary artery pressure by 24 hours
without increased risk for major bleeding. The right ventricu-
lar (RV) - to - left ventricular (LV) diameter ratio decreased
more with CDT and anticoagulation than heparin alone after
24 hours. One death did occur in the SA group but was at-
tributed to pancreatic cancer [8]. Our results do not show a
difference between CDT and SA, with both modalities de-
monstrating similar rates of major bleeding as the risk of the
treatment modalities.
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These results support the feasibility of the findings pre-
sented in the SEATTLE II study. The SEATTLE II study
presented the effectiveness of CDT in reducing the right ven-
tricular diameter (via the RV-to-LV diameter ratio) via a
prospective, single-arm, multicenter trial. This was with a
10% bleeding rate, but no intracranial hemorrhage was ob-
served. While the study compiled both massive and submas-
sive PEs, a comparison between the two showed similar
drops in the RV-to-LV diameter ratio and pulmonary artery
systolic pressure, with massive PEs causing more major
bleeding events [5].

The question of whether thrombolysis with thrombotic
agents is effective for submassive pulmonary embolism
stems from the cumulative data regarding systemic thrombo-
lytic versus SA. Two meta-analyses showed no difference in
mortality between the use of systemic thrombolytics versus
SA [15, 16]. Nakamura showed that thrombolytics did re-
duce clinical deterioration, defined as needing surgical em-
bolectomy, catheter intervention, catecholamine, or vasopres-
sor administration for shock, cardiopulmonary resuscitation,
or experiencing significant hypotension. A difference was
observed in supporting thrombolytics when combining mor-
tality with clinical deterioration [15]. While Cao did show a
trend in favor of thrombolytics for reducing mortality, it was
statistically nonsignificant with a CI of 0.19-1.05 [16]. Both
meta-analyses showed an increase in minor bleeding, but not
major bleeding [15, 16], although Nakamura did show in-
creased intracranial bleeding with thrombolytics [16]. How-
ever, CDT administers the thrombolytic therapy directly to
the embolism and at lower doses, which could explain the
difference between CDT and SA in our meta-analysis com-
pared to systemic thrombolytics and SA in the other meta-a-
nalyses.

4.1. Limitations

Despite this analysis being promising for CDT as a bet-
ter treatment for submassive PE, there are also limitations to
the analyses. The selection of studies is mainly retrospective
and observational. This is due to a lack of studies in the liter-
ature. This allows for biases that would be eliminated from
randomization. More randomized controlled trials are need-
ed involving increased sample sizes of patients, eliminating
biases, thereby rendering the ability to solidify a conclusion.
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Nonetheless, this is the first meta-analysis of its kind and
compiles all the current studies comparing the therapies for
submassive PE. Heterogeneity was also minimal among the
selected studies. Finally, the difference in clot burden in dif-
ferent patients despite the consistency in patient factors can
skew some of these outcomes related to CDT.

CONCLUSION

Patients with submassive PE treated with CDT have low-
er mortality compared to those treated with standard antico-
agulation. The rate of major bleeding is equivocal between
the two therapies. However, most studies were observational
and nonrandomized. While CDT is a promising option,
more randomized controlled trials are required to establish a
clear benefit.
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