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Abstract: Objectives: The purpose of this study is to assess the efficacy, short- and long-term cardio-
vascular and non-cardiovascular mortalities and postoperative morbidities of surgical pulmonary
embolectomy (SPE) for patients with massive or submassive pulmonary embolism. Methods: A
comprehensive literature review was performed to identify articles reporting SPE for pulmonary
embolism. The outcomes included in-hospital and long-term mortality in addition to postoperative
morbidities. The random effect inverse variance method was used. Cumulative meta-analysis,
leave-one-out sensitivity analysis, subgroup analysis and meta-regression were performed. Results:
Among the 1949 searched studies in our systematic literature search, 78 studies met our inclusion
criteria, including 6859 cases. The mean age ranged from 42 to 65 years. The percentage of males
ranged from 25.6% to 86.7%. The median rate of preoperative cardiac arrest was 27.6%. The per-
centage of contraindications to preoperative systemic thrombolysis was 30.4%. The preoperative
systemic thrombolysis use was 11.5%. The in-hospital mortality was estimated to be 21.96% (95% CI:
19.21-24.98); in-hospital mortality from direct cardiovascular causes was estimated to be 16.05%
(95% CI: 12.95-19.73). With a weighted median follow-up of 3.05 years, the late cardiovascular
and non-cardiovascular mortality incidence rates were 0.39 and 0.90 per person-year, respectively.
The incidence of pulmonary bleeding, gastrointestinal bleeding, surgical site bleeding, non-surgical
site bleeding and wound complications was 0.62%, 4.70%, 4.84%, 5.80% and 7.2%, respectively.
Cumulative meta-analysis showed a decline in hospital mortality for SPE from 42.86% in 1965 to
20.56% in 2024. Meta-regression revealed that the publication year and male sex were associated
with lower in-hospital mortality, while preoperative cardiac arrest, the need for inotropes or vaso-
pressors and preoperative mechanical ventilation were associated with higher in-hospital mortality.
Conclusions: This study demonstrates acceptable perioperative mortality rates and late cardiovas-
cular and non-cardiovascular mortality in patients who undergo SPE for massive or submassive
pulmonary embolism.

Keywords: surgical pulmonary embolectomy; pulmonary embolism; hospital mortality; pulmonary
bleeding; thrombolysis
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1. Introduction

Venous thromboembolisms, such as pulmonary embolisms (PEs), are the third most
common cardiovascular (CV) syndrome, with increasing incidence in the aging popula-
tion [1,2]. PE has been reported in the literature to have a high mortality rate [3]. The
clinical presentation of PE is often non-specific and can range from incidental findings on a
computed tomographic chest scan with no clinical symptoms to patients presenting with
hemodynamic instability, defined as individuals who are hypotensive needing pressor sup-
port and develop end organ hypoperfusion, and sudden death. Nevertheless, presentation
in extremes accounts for only 5% of PE cases.

The primary mode of treatment for acute PE is anticoagulation (1). According to the
European Society of Cardiology guidelines, surgical pulmonary embolectomy (SPE) for
the treatment of PE should be reserved for individuals who deteriorate hemodynamically
while being on rescue thrombolytic therapies, for those with contraindications for throm-
bolytic therapies or for failed catheter-directed thrombolysis [1,2]. SPE usually included
the performance of cardiopulmonary bypass (CPB), and the literature has demonstrated
varying outcomes following surgical intervention [3]. Therefore, we performed a systematic
review and meta-analysis to assess the efficacy and short- and long-term CV and non-CV
mortalities for patients that present with PE.

2. Materials and Methods

This meta-analysis was performed in concordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement [4] and AMSTAR (A
MeaSurement Tool to Assess systemic Reviews) Guideline.

2.1. Search Strategy

On 14 March 2024, the PubMed and Scopus databases were systematically searched
for publications on SPE. The search terms in subject headings and main keywords included

o V7a7i

the following: “Pulmonary Embolectomy”, “surgical embolectomy”, “surgical pulmonary
embolectomy”, “surgical intervention”, and “pulmonary embolism”. This review was
registered with the PROSPERO register of systematic reviews (ID: 542752). There was no
individual patient involvement in this study; as such, research ethics board approval was

not required.

2.2. Study Selection and Inclusion Criteria

Two investigators (HS, SA) independently performed data extraction. Database
searches were conducted, and article de-duplication and screening were performed by
these two reviewers. A third independent reviewer (MR) confirmed the adequacy of the
studies based on the predefined inclusion and exclusion criteria. Articles were included
if they were in full-text English on human subjects that included five or more patients
with reported CV or non-CS mortality or morbidity outcomes following SPE. We included
studies with the largest sample size and the most comprehensive follow-up period for each
outcome of cumulative or longitudinal results in more than one publication. Studies were
excluded if they were in a non-English language, did not include SPE, did not specify the
number or proportion of mortality or morbidity or had a small case series with less than
5 patients.

The full article text of the screened studies was retrieved for the second round of
eligibility screening. Prior meta-analyses and systematic reviews were searched to con-
firm the inclusion of all eligible studies (i.e., backward snowballing). A PRISMA flow
diagram illustrating the study selection process is available in the Supplementary Materials
(Supplementary Figure S1). The Newcastle-Ottawa scale (NOS) for assessing the quality
of Cohort Studies was used for the critical appraisal of eligible studies. Studies with scores
of six or more were included [5].
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2.3. Clinical Outcomes/Definitions

The primary outcome of interest was SPE hospital mortality. Secondary outcomes
included CV and non-CV mortality, postoperative pulmonary bleeding, gastrointestinal
(GI) bleeding, surgical site bleeding, non-surgical site bleeding and wound complication.

Subgroup analysis for the primary outcome was conducted based on continents.

2.4. Data Extraction and Statistical Analysis

Extracted variables included the following: study name, publication year, study
design, mean age, percentage of males, mean follow-up in years, percentage of individuals
with a contraindication to systemic thrombolytic therapy, percent of preoperative cardiac
arrest, preoperative mechanical ventilation, percent of individuals that underwent CPB
or extracorporeal membrane oxygenation (ECMO) support, percent of right ventricular
(RV) dysfunction, the need for inotropes or vasopressors, systemic thrombolysis, use of
myocardial protective techniques and aortic cross-clamping.

Measurement data were reported as the mean and standard deviation or as the median
and interquartile range based on the reported studies. The proportion per 100 observations
with a 95% confidence interval (95% CI) was calculated for each binary outcome. For
late mortality following SPE, the incidence rate with a constant event rate was used to
account for different follow-up times of the various studies with the total number of events
observed within the treatment group out of the total person-year of the follow-up.

Meta-regression was used to assess the effect of publication year, sex, systemic throm-
bolysis, contraindication to systemic thrombolytics, preoperative cardiac arrest, inotrope or
vasopressor use, preoperative mechanical ventilation, use of CPB, myocardial protective
techniques, use of intraoperative hypothermia and aortic cross-clamping percent on hos-
pital mortality after SPE. Heterogeneity among the included studies was assessed using
the Cochran Q statistic and the 12 test. For the primary outcome, if heterogeneity was
significant (I> > 75%), a leave-one-out sensitivity analysis was performed. The publication
bias was assessed using a funnel plot and Egger’s regression test. We used a random
effect model (inverse variance method) for the entire analysis. The hypothesis testing for
equivalence was set at a two-tailed value of 0.05. Analyses were performed using R (version
4.3.3 R Project for Statistical Computing), using the following statistical packages: “meta”
and “metafor” within RStudio (2023.12.1+402 “Ocean Storm” Release for windows; Postit:
Boston, MA, USA).

3. Results

Among the 1949 searched studies in our systematic literature search, 78 studies met
our inclusion criteria including 6859 cases that underwent an SPE intervention [6-83]. A
PRISMA flowchart is shown in Supplementary Figure S1.

The criteria of all included studies are presented in Table 1. The mean age of included
patients ranged from 42 to 65 years. The percentage of males ranged from 25.6% to
86.7%. Preoperative cardiac arrest was reported in 57 studies and ranged from 0% to
87.2% of operations with a median preoperative cardiac arrest of 27.6%. The percentage of
contraindications to preoperative systemic thrombolysis was reported by 29 studies with a
median percent of 30.4% (interquartile range 20.00-45.50) in these studies. The preoperative
systemic thrombolysis percent was reported by 35 studies with a median percent of 11.5%
(interquartile range 3.65-25.30) in these studies. The use of CPB appeared to be nearly
universal (median 100% (IQR: 100-100)). The criteria of the included studies are shown in
Table 1.
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Table 1. The criteria of the included studies.

Country Ngil;irt;)f Age, Years Mean(zz:llrt))w-Up Male Percent

Hartman 2015 [6] USA 96 57.70 2.50 62.50
Ahmed 2008 [7] USA 15 59.60 46.70
Algahtani 2019 [8] USA 3486 56.00 53.00
Amirghofran 2007 [9] Iran 11 45.60 3.00 63.60
Argyriou 2024 [10] England 256 54.00 55.90
Azari 2015 [11] Iran 30 56.10 3.50 43.33
Barrett 2010 [12] UK/Sydney 9 62.00 55.60
Bauer 1991 [13] Switzerland 44 49.00 4.60 54.50
Bennett 2015 [14] USA 40 50.33 40.00
Berger 1973 [15] USA 17 52.90
Biglioli 1991 [16] Italy 11

Bottzauw 1981 [17] USA 23 53.00 56.50
Boulafendis 1991 [18] USA 16 51.50 5.04 62.50
Cale 2002 [19] Singapore 12 41.70
Clarke 1986 [20] England 55 45.50
Dauphine 2005 [21] USA 11 48.50 0.75 45.50
De Weese1976 [22] Germany 11 42.30 45.50
DiChiacchio 1986 [23] USA 90 53.56 50.00
Digonnet 2007 [24] France 21 62.00 4.75 61.90
Doerge 1998 [25] Germany 41 51.10 10.58 51.20
Dohle 2018 [26] Germany 175 59.30 4.60 50.00
Edelman 2016 [27] Australia 37 57.00 0.12 41.00
Estrer 1981 [28] USA 5 43.60 60.00
Fedorov 2022 [29] Russia 10 54.60 40.00
Glassford 1981 [30] USA 20 57.10 40.00
Gray 1988 [31] England 71 43.10 7.88 31.00
Greelish 2011 [32] USA 15 57.00 2.00 86.70
Hajizadeh 2017 [33] Iran 36 50.80 0.50 38.90
Hennig 1974 [34] Germany 6 1.67

Jako1995 [35] Germany 25 57.00 40.00
Jaumin 1986 [36] Belgium 23

Keeling 2016 [37] USA 214 56.00 56.40
Keeling 2016 [38] USA 44 51.60 2.52 43.20
Khoury 1992 [39] Australia 61 53.00 32.80
Kieny 1991 [40] France 134 55.00 55.20
Konstantinov 2007 [41] Australia 7 46.40 417 28.60
Laas 1993 [42] Germany 34 4.90

Leacche 2005 [43] USA 47 59.00 2.25 63.80
Lehnert 2012 [44] Denmark 33 55.00 5.20 51.50

Lund 1986 [45] Denmark 25 52.00 3.90 56.00
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Table 1. Cont.

Country Ngil;irt;)f Age, Years Mean(zz:llrt))w-Up Male Percent

Malekan 2012 [46] USA 26 59.10 0.08 69.20
Marshall 2012 [47] Australia 10 49.00 3.25 40.00
Mattox 1982 [48] USA 39 42.00 25.60
Meyer 1991 [49] France 96 52.00 4.67 52.10
Meyns 1992 [50] Belgium 30 47.80 7.25 33.30
Minakawa 2018 [51] Japan 355 62.10 47.60
Mkalaluh 2019 [52] Germany 49 58.00 0.08 51.00
Neely 2015 [53] USA 115 59.00 1.08 62.60
Newcom?2022 [54] USA 16 53.00 44.00
Osborne 2014 [55] USA 15 48.50 0.09 46.70
Panholzer 2022 [56] Germany 103 58.40

Park 2019 [57] Korea 27 47.30 0.08 45.00
Pasrij 2017 [58] USA 30 55.50 0.50 50.00
Pasrij 2018 [59] USA 55 53.00 1.00 60.00
QiMin 2020 [60] China 11 65.00 2.00 51.20
Rathore 2020 [61] Australia 82 60.00 3.18 57.30
Rivas 1975 [62] Germany 5

Sa 2007 [63] Korea 12 46.00 8.50 58.30
Salehi 2013 [64] Iran 16 53.00 2.00 37.50
Sareyyupoglu 2010 [65] USA 18 60.00 1.33 72.20
Satter 1980 [66] Germany 36 44.40
Saylam 1978 [67] USA 8 58.50 62.50
Shiomi 2016 [68] Japan 31 58.30 3.98 35.50
Spagnolo 2006 [69] Italy 21 38.10
Stalpaert 1986 [70] Germany 30 44.50 30.00
Stulz 1994 [71] Switzerland 50 53.40 36.00
Takahashi 2012 [72] Japan 24 59.90 0.57 29.20
Taniguchi 2012 [73] Japan 32 57.00 0.08 34.40
Thielmann 2012 [74] Germany 46 50.50 0.08 32.60
Turnier 1973 [75] USA 8 56.80 50.00
Ullman 1999 [76] Germany 40 55.00 3.75 42.50
Vohr2010 [77] UK 21 55.00 317 71.40
Vossschulte 1965 [78] Germany 7 48.70 57.10
Wu 2013 [79] Taiwan 25 49.40 1.58 36.00
Yalamanchili 2004 [80] USA 13 53.70 46.20
Yavuz 2014 [81] Turkey 13 61.80 2.08 61.50
Zarrabi 2013 [82] Iran 30

Zielinski 2023 [83] Poland 20 53.65 3.83 55.00

A quality assessment of all studies was conducted according to the Newcastle-Ottawa

scale (NOS) criteria, as shown in Supplementary Table S2.
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3.1. Efficacy Outcomes

Point estimates for hospital and late mortality outcomes are reported in Figure 1A and
Supplementary Figure S7. Hospital mortality was reported by all 75 studies involving 6779
cases. The hospital mortality was estimated to be 21.96% (95% CI: 19.21-24.98) (Figure 1A).
The CV hospital mortality was reported in 53 studies and was estimated to be 16.05%
(95% CI: 12.95-19.73). The non-CV hospital mortality was reported in 35 studies and was
estimated to be 8.32% (95% CI: 6.22-11.06).

A
Number of Between-study
Method Studies variance Events 95% ClI
Hospital mortality 75 0.2701 - 21.86 [19.21; 24.98]
* CV hospital mortality 53 0.4887 —— 16.05 [12.95;19.73]
* Non—CV hospital mortality 35 0.3438 s 8.32 [6.22;11.08]
[ I T l I |
0 10 20 30 40 50
Haospital mortality
per 100 observations
B
Number of Between—study
Method Studies variance Events 95% CI
Postoperative pulmonary bleeding 12 1.0926 —— 10.62 [5.43; 19.74]
Postoperative Gl bleeding 9 0 R 470 [2.86; 7.61]
Postoperative surgical site bleeding 6 0.1084 - 4.84 [2.36; 9.69]
Postoperative non-surgical site bleeding 13 0.2260 -O— 580 [3.68; 9.01]
Postoperative wound complications 15 0.0557 < 7.20 [5.36; 9.60]
I T T T T |
0 10 20 30 40 50

Hospital morbidity
per 100 observations

Figure 1. Forest plot of (A) hospital mortality (The * refers to the different subgroups of hospital
mortality) and (B) hospital morbidity.

3.2. Late All-Cause Mortality

With a weighted median follow-up of 3.05 years, the late CV and non-CV mortality
incidence rates were 0.39 per person-year (95% CI: 0.14-0.65) and 0.90 per person-year
(95% CI: 0.40-2.06), respectively. (Supplementary Figure S7).

3.3. Safety Outcomes

Point estimates for pulmonary bleeding, gastrointestinal bleeding, surgical site bleed-
ing, non-surgical site bleeding and wound complications are reported in Figure 1B.

Pulmonary bleeding was reported by 12 studies, and the incidence was estimated to
be 10.62% (95% CI: 5.43-19.74%). Gastrointestinal bleeding was reported by nine studies,
and the incidence was estimated to be 4.70% (95% CI: 2.86-7.61). Surgical site bleeding was
reported in six studies with an estimated incidence of 4.84% (95% CI: 3.36-9.69%), while
non-surgical site bleeding was reported in 13 studies with an estimated incidence of 5.80%
(95% CI: 3.68-9.01%). Wound complications were reported in 15 studies with an estimated
incidence of 7.2% (95% CI: 5.36-9.60%), Figure 1B.

There were 15 cases of GI bleeding reported, and most of them were due to abdominal
surgical operations. Clarke et al.’s 1986 study reported that 10 patients had abdominal
surgery for malignant tumor resection, and 4 of them had GI bleeding. Cases of GI bleeding
and cerebral strokes were contraindicated for thrombolytics and anticoagulants.
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3.4. Sensitivity and Subgroup Analyses and Meta-Regression

There is high heterogeneity in hospital mortality with an 12 of 73%. To explore
such reasons for heterogeneity, we performed a leave-one-out analysis that showed the
robustness of the obtained estimate for hospital mortality (Supplementary Figure S4).
Additionally, cumulative meta-analysis showed a decline in hospital mortality for SPE from
42.86% in 1965 to 20.56% in 2024.

Meta-regression analyses were performed to evaluate the impact of different variables on
hospital mortality and found that the publication year (Figure 2A) (beta = —0.0288 =+ 0.0051,
p <0.0001) and percentage of males (Figure 2B) (beta = —0.0232 £ 0.0071, p = 0.0011)
were associated with lower hospital mortality, while preoperative cardiac arrest (Figure 2C)
(beta = —0.0288 £ 0.0051, p < 0.0001), the need for inotropes or vasopressors (beta = 0.0137 £
0.0042, p = 0.0012) and preoperative mechanical ventilation (Figure 2D) (beta = 0.0143 +
0.0061, p = 0.0196) were associated with higher hospital mortality (Table 2 and Supplementary
Figure S3).

B
Beta {SE)=-0.0288(0.0051), $<.0001 Beta (SE)7-0.0282(0.0071), P=0.0011
o
° O o - © O Q
: e
g _ | 0
° L NI :
o] T o
Q o
o Qp@ ‘!E I © & °
o QF - Cog
[#] = ™ _| o
Q § o °
. %ot . Ce .
T T T T T T T T T T T T T
1970 1980 1990 2000 2010 2020 30 40 50 60 70 80 90
Year Male percent
D
Beta (SE)=0.0299(0.0043), P<.0001 Beta (SE)=0.0143(0.0061), P=0.0196

Logit Transformed Proportion
2
1

Preop

T T T T T T T T T T
40 60 80 100 0 20 40 60 80 100

erative Cardiac Arrest Percent Preoperative Mechanical Ventilation Percent

Figure 2. Bubble plots of meta-regression of (A) publication year, (B) percentage of males, (C) preop-
erative cardiac arrest and (D) preoperative mechanical ventilation on hospital mortality outcome.

There was no observed publication bias either visually by inspecting the symmetry of
the funnel plot or statistically by using Egger’s test (estimate = 0.2246 4 0.2986, p = 0.4507),
Supplementary Figure S4.
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Table 2. Meta regression of hospital mortality.

Variables Beta + SE, p-Value
Year —0.0288 £ 0.0051, p < 0.0001
Male Percent —0.0232 £ 0.0071, p = 0.0011
Systemic Thrombolysis Percent —0.0136 + 0.0078, p = 0.0785
Systemic Thrombolytics Contraindication Percent 0.0075 £ 0.0062, p = 0.2261
Preoperative Cardiac Arrest Percent 0.0279 £ 0.0043, p < 0.0001
Need for Inotropes or Vasopressors Percent 0.0137 4 0.0042, p = 0.0012
Preoperative Mechanical Ventilation Percent 0.0143 £ 0.0061, p = 0.0196
Use Of Cardiopulmonary Bypass Percent —0.0060 £ 0.0040, p = 0.1325
Use Of Myocardial Protective Techniques Percent —0.0032 £ 0.0050, p = 0.5243
Use Of Intraoperative Hypothermia Percent 0.0013 4= 0.0042, p = 0.7656
Use Of Aortic Cross-Clamping Percent —0.0012 £ 0.0036, p = 0.7454

Beta (regression coefficient): the negative value reflects inverse association with the hospital mortality outcome.

4. Discussion

This meta-analysis and systematic review examined the efficacy of SPE, as well as short-
and long-term outcomes including CV and non-CV mortality in 78 studies, which included
6859 cases that underwent an SPE. The analysis demonstrated a hospital mortality rate of
approximately 22%, with a CV mortality rate of 16%. Additionally, there were long-term CV
and non-CV mortality rates of 39 per 100 person-year and 90 deaths per 100 person-year,
respectively. The median preoperative cardiac arrest rate was approximately 28%, with the
use of CPB universally in patients that underwent SPE.

The in-hospital mortality rates, as well as CV and non-CV mortality rates, reported
in this study are similar to the reported mortality rates by Karla et al. who reported an
in-hospital mortality rate of 26.3% [4]. A study was conducted by Kilic et al. using a
weighted nationwide inpatient sample, which included 1050 participating institutions in
44 states and identified 2709 patients that underwent an SPE for a PE. In this study, they
reported an in-hospital mortality rate of 27.2% and identified that the comorbidity index
and black race were independently associated with inpatient mortality following SPE [84].

A retrospective study performed by Hartman et al. reported a 30-day mortality rate
of 4.2% for all comers but illustrated that patients that were unstable had a higher 30-day
mortality rate of 12.5% compared to stable patients who had a 30-day mortality rate of
1.4% [6]. Studies have also shown that mortality rates are higher following cardiac arrest,
which could explain the reported in-hospital mortality rate of 27% in this study, given that
28% of patients that underwent SPE had preoperative cardiac arrest. Stein and colleagues
reported an operative mortality rate of 59% in patients who had preoperative cardiac arrest
compared to a rate of 20% in patients who did not have preoperative cardiac arrest [85].

Furthermore, we found in this study that there is a decline in the in-hospital mortality
rate following SPE. It decreased from 42.86% in 1965 to 20.56% in 2024. Studies have
previously shown this reduction in mortality over time [86]. This trend is likely due to
improvements in the diagnosis of PE, the stabilization of the patient and early intervention.
There is also likely a significant selection bias at work, as the dramatic improvement in
catheter-based interventions has offered many patients embolectomy in the absence of
surgery. This lack of randomization is a major confounder of such a retrospective meta-
analysis. This review supports the concept that in appropriately selected patients, surgical
embolectomy may be performed safely and with a good outcome; it does not argue against
the utility of popular catheter-based techniques/approaches that have rapidly evolved from
catheter-directed thrombolysis to ultrasound-augmented thrombolysis and to multiple
generations of percutaneous thrombectomy devices.
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Among the included studies, there was an apparent trend toward higher inotrope/vas-
opressor use with RV dysfunction, in studies that reported both variables, but this was
statistically insignificant (p- for trend = 0.347). The hospital mortality was mainly due
to cardiovascular comorbidities which included the need for inotropes or vasopressors,
preoperative mechanical ventilation, shock and cardiac arrest. The weighted median
follow-up was 3.05 years. Late mortality causes included both CV and non-CV causes.
Cardiovascular comorbidities such as hypertension and heart failure and non-CV causes
such as malignant neoplasms are the most common causes for late mortality.

Finally, this study has limitations that include the lack of demographic data such
as race in the majority of included studies, since previous studies have shown an asso-
ciation between race and in-hospital mortality following SPE. Specifically, the black and
African American race was associated with higher mortality rates compared to white Amer-
icans [84]. Additionally, hemodynamic information was not present in a reasonable number
of the included studies. It would have been interesting to observe if there were differences
in hospital mortality following SPE in stable and unstable patients or to understand the
baseline presentation of the patient and why that contributed to a hospital mortality rate
of approximately 27%; however, we were able to identify some predictors of mortality
such as an earlier era of surgery, prior cardiac arrest, need for preoperative mechanical
ventilation and the need for vasopressors or inotropes. There is a discernible lack of data
on the institution of ECMO among included patients. There is a need to evaluate other late
outcomes, such as the rate of development of chronic pulmonary hypertension in patients
who undergo SPE for acute PE.

5. Conclusions

In conclusion, this meta-analysis and systematic review demonstrates acceptable
perioperative mortality rates and late CV and non-CV mortality in patients who undergo
SPE for massive or submassive PE. There is a noticeably reduced mortality rate with more
recent studies using SPE.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jcm13144076/s1. Figure S1: A PRISMA flowchart of the included
studies, Figure S2: Forest plot of hospital mortality, Figure S3: Cumulative meta-analysis showing a
decrease in hospital mortality for surgical pulmonary embolectomy from 42.86% in 1965 to 20.56%
in 2024, Figure S4: Hospital mortality (A) leave-one-out and (B) funnel plot, Figure S5: Forest plot
for hospital CV mortality, Figure S6: Forest plot of non-CV hospital mortality, Figure S7: (A) Late
cardiovascular (CV) mortality and (B) late non-CV mortality, Figure S8: Forest plot of postoperative
pulmonary bleeding, Figure S9: Forest plot of postoperative gastrointestinal (GI) bleeding, Figure S10:
Forest plot bleeding at surgical site, Figure S11: Forest plot bleeding at non-surgical site, Figure S12:
Wound complications, Table S1: Intraoperative criteria of included studies, Table S2: Newcastle—
Ottawa scale for quality assessment of included studies.
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