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Abstract

Objectives: Whether undergone splenectomy will increase the risk of chronic
thromboembolic pulmonary hypertension (CTEPH) remain unclear. We hold a
systematic review and meta-analysis to explore the association between splenectomy
and CTEPH.

Methods: The PubMed, Embase, Cochrane Library databases were systematically
searched for records of splenectomy and CTEPH. Newcastle-Ottawa scale and the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were used to assess the quality of the included studies and each quality
item was grade as low risk or high risk. Random-effects model was used to calculate
different effective values.

Results: In total, 8 trials involving 6190 participants fulfilled the inclusion criteria.
The prevalence estimates of splenectomy reported by 8 trials with a crude summary
prevalence of 4.6% (122/2635 individuals; 95%CI: 0.03, 0.06, 1>=71.5%, p<0.01).
Subgroup analysis showed statistically significant association of splenectomy in
CTEPH patients (OR: 3.04, 95%CI: 1.51 to 6.14, I’=0.0%) compared with idiopathic
pulmonary arterial hypertension (IPAH) patients. And there showed significant
association of splenectomy in CTEPH patients (OR: 5.10, 95%CI: 1.66 to 15.68,
1’=0.0%) compared with pulmonary thromboembolism (PE) patients.

Conclusion: Prevalence of splenectomy in CTEPH was 4.6%, and CTEPH was
associated with splenectomy. But high-quality prospective trials were needed.

Keywords: Pulmonary hypertension, chronic thromboembolic  pulmonary

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 25


http://bmjopen.bmj.com/

Page 5 of 25

oNOYTULT D WN =

BMJ Open
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Strengths and limitations of this study
This is the first systematic review and meta-analysis suggested chronic
thromboembolic pulmonary hypertension was associated with splenectomy.
However, the trials we included were not random control trials and had small sample
size.
Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a disease of
obstructive pulmonary artery remodelling as a consequence of major vessel
thromboembolism. CTEPH is defined as an increase in mean pulmonary arterial
pressure(mPAP) = 25 mmHg and the presence of at least one segmental perfusion
defect despite 3 months of anticoagulation therapy!. CTEPH is a series disease with
high mortality. There was a study reported the CTEPH patients only treated with
anticoagulants died within three years of follow-up up to 90%?.

CTEPH is considered to be caused by single or recurrent pulmonary
thromboembolism (PE) caused by venous thrombosis®. Thrombocytopenia and
increased platelet reactivity after splenectomy may promote thrombosis* °. This may
be related to the loss of spleen filtration. It has been previously reported that
splenectomy can increase the incidence of venous thromboembolism®. But as a study
reported, the incidence of splenectomy in CTEPH patients was similar to [IPAH’.

2018 Cologne Consensus Conference memtioned the interplay between

splenectomy and several factors promoted the transformed of pulmonary embolism
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into CTEPH?. 2015 ESC/ERS guidelines showed 3.4% of patients with CTEPH have
undergone splenectomy®. Based on these findings, it is difficult to determine the
relationship between splenectomy and CTEPH. In addition, high quality
meta-analysis has been increasingly regarded as one of the key tools for achieving
evidence'® ', But there was no meta-analysis about this topic. So we conduct this
systematic review and meta-analysis to confirm whether splenectomy can increase the
risk of CTEPH.
Methods

This meta-analysis was performed according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement (PRISMA)!>!4. A MeaSurement
Tool to Assess systematic Reviews (AMSTAR 2) was used to assess methodological
quality of this systematic review and meta-analysis'>: 1°.
Search strategy

We searched the PubMed, Cochrane library and EMBASE database from databases
inception to April 7, 2019, using the keywords splenectomy, splenectomies,
hypertension, pulmonary, pulmonary hypertension and chronic thromboembolic
pulmonary hypertension to identify all potential eligible trials. We did not have
language restrictions. Reference lists of those articles relevant to the topic were
hand-searched for the identifcation of potentially relevant articles. Specific search
strategies are reported in the Supplementary Appendix 1.

Study selection

We selected trials based on the following inclusion criteria: (1) trials enrolling
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patients diagnosed with CTEPH and reported any splenectomy profile; (2) trials only
reported the prevalence of splenectomy in CTEPH or comparing the prevalence of
splenectomy in CTEPH with control group. Exclusion criteria were (1) conference
abstracts, reviews, case reports, animal trials, letter and other unrelated topics; (2)
trials contain duplicate data.
Quality assessment

Two authors independently assessed the risk of bias of these nonrandomized
studies using the Newcastle-Ottawa scale, which assesses sample representativeness
and size, assesses representativeness of the cases compared with control group,
comparability between CTEPH and control group, ascertainment of splenectomy, and
thoroughness of descriptive statistics reporting. Studies were judged as high risk of
bias when lower than 3 points, and judged as low risk of bias when higher than 3
points. Observational studies was assessed the risk of bias using an adapted version of
the STROBE guidelines'’. We evaluated 22 items to reveal the strengths and
weaknesses of the trial to facilitate rational interpretation and application of trial
results. The third author resolved disagreements.
Data extraction

Two authors independently extracted the following information from each trial:
lead author; publication year; country of origin; study type; sample size; patients
characteristics; the patients type in control group; odds ratio(OR) of splenectomy; and
the prevalence of splenectomy. Disagreements were resolved by the third author.

The primary outcome was ORs of splenectomy. The secondary outcome was the
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prevalence estimates of splenectomy. All the eight trials reported the prevalence of
splenectomy, and five trials reported the ORs of splenectomy.
Statistical analysis

We performed meta-analysis to calculate ORs and 95%confidence intervals (ClIs)
of dichotomous outcome data. We also calculated the estimated effects of the
prevalence of splenectomy. Forest plots showed individual studies and meta-analysis
estimates'®. We used random-effects model to pool the data and evaluate statistical
heterogeneity between summary data using I? statistic. In this meta-analysis, 1>>50%
indicates a significant heterogeneity between studies'.

Sensitivity analysis was performed to determine the influence of each trial on the
association of splenectomy with CTEPH when compared with control group.

To evaluate whether the association between splenectomy and CTEPH was
changed when compared with different control group, we performed subgroup based
on different control group. We performed subgroup analysis to assess whether the
difference was statistically significant. Publication bias was assessed by examining
funnel plots, and Egger test was performed to investigate publication bias of included
trials?%- 21,

We used Review Manager 5.3 (Nordic Cochrane Centre, The Cochrane
Collaboration) and Stata 13.0 (StataCorp, TX) to analyze. P<0.05 indicated a
statistical significant difference.

Patient and public involvement

Patients and the public were not involved in this review.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 25


http://bmjopen.bmj.com/

Page 9 of 25

oNOYTULT D WN =

BMJ Open

Results
Study identification and selection

By the search strategy, 422 potentially eligible records were identified when
excluded duplicate trials. We screened titles and abstracts of these records for
inclusion. After excluding conference abstracts, reviews, case reports, animal trials,
letter and other unrelated topics, 21 trials were reviewed full-text. Finally, eight trials”
2228 involving a total of 6190 patients were included in this meta-analysis (Fig 1).

Patients characteristic of the included trials were reported in Table 1. The included
trials mostly were retrospective study. The majority of patients included were from
Europe and equal distributed between genders. All the trials reported the prevalence
of splenectomy in CTEPH but three observational studies?®?® did not report the
association of splenectomy between CTEPH group and control group, so we only
included the prevalence of splenectomy in CTEPH.

Newcastle-Ottawa score components for five individual trials appear in Table 1.
One trial®>® was low quality, and four”- 22> were high quality. The STROBE scores of
three individual trials ranged from 1726 28 to 18?7(Table 1), but all trials were not
described any efforts to address potential sources of bias. Furthermore, two trials did
not clearly define variables?% 27, two trials failed to report other analyses as subgroup
analyses or sensitivity analyses®® 28 and two trials did not report the source of
funding?6- 28,

Splenectomy and CTEPH Risk
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Five trials compared the risk of splenectomy in CTEPH patients with IPAH patients
or PE patients. As shown in Fig 2, there was significant association of splenectomy
with CTEPH (OR: 3.52, 95%CI: 1.49 to 6.38, I’=0.0%). Subgroup analysis showed
statistically significant association of splenectomy in CTEPH patients (OR: 3.04,
95%CI: 1.51 to 6.14, 1=0.0%) compared with IPAH patients. And there was
significant association of splenectomy in CTEPH patients (OR: 5.10, 95%CI: 1.66 to
15.68, 1’=0.0%) compared with PE patients.

We performed a sensitivity analysis to assess the weight of each trial. Sensitivity
analysis in this meta-analysis was excluded each trial serially repeated, showed that
no individual trial affected the overall association estimate significantly in eTable
1(Online Resource 2).

Prevalence of splenectomy in CTEPH

We performed this meta-analysis pooling of the prevalence estimates of
splenectomy reported by 8 trials with a crude summary prevalence of 4.6% (122/2635
individuals; 95%CI: 0.03 to 0.06, 1>=71.5%, p<0.01) (Fig 3). The prevalence
estimates reported by the individual trials ranged from 0.0% to 8.6%.

Sensitivity analysis of this study excluded each trial serially repeated, showed that
no individual trial affected the overall association estimate significantly in eTable 2.
Publication bias

There was not revealed significant asymmetry through visual inspection of the
funnel plot of studies reporting on splenectomy (Fig 4). Egger test did not show the

significant publication bias (P=0.24).
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Discussion

Results of this systematic review and meta-analysis showed statistically significant
association of splenectomy in CTEPH patients compared with IPAH or PE patients.
And the prevalence estimates showed that 4.6% of CTEPH patients with splenectomy.
Sensitivity analysis showed that no individual trial affected the overall association
estimate significantly.

The prerequisite of CTEPH may not embolism, and CTEPH probably be a
consequence of thrombosis rather than embolism?’. Splenectomy may promote
venous thromboembolic disease in some speculation. After splenectomy transient
thrombocytosis will appear immediately but it is not usually associated with
thrombotic events’® 3!, And it has also been reported that erythrocyte membrane
components have an effect on venous thromboembolic diseases 3% 33, In fact, anionic
phospholipids of the erythrocyte membrane, including phosphatidylserine, which is
known to promote the coagulation process, are localized in the intima of the cell
membrane of a normal individual3’. Abnormally exposed phosphatidylserine will
promote activation of the coagulation process by immobilizing the enzyme complex
in the outer erythrocyte membrane. It has been reported that the number of red blood
cells with altered phosphatidylserine expression is increased by 20-fold after
splenectomy in thalassemia patients2. These cells are also obtained as procoagulant
phenotypic markers that accelerate thrombin formation. Loss of spleen filtration will
result in the retention of abnormal red blood cells in the peripheral circulation after
splenectomy, leading to activation of the coagulation cascade even in the absence of

10
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chronic hemolysis.

As the results showed, 4.6% of patients with CTEPH underwent splenectomy. The
prevalence of splenectomy varies widely, from 0 to 8.6%. As the 2015 ESC/ERS
guidelines reported, the prevalence of splenectomy in CTEPH patients was 3.4%. The
median number of prevalence we calculated was greater than guidelines memtioned.
Meanwhile, the association between the CTEPH group and the control group for
splenectomy was statistically significant. This is consistent with the results mentioned
in the guidelines, further indicating that splenectomy is a risk factor for increasing
CTEPH.

To our knowledge, this is the first systematic review and meta-analysis to explore
the association between splenectomy and CTEPH. However, this study has some
limitations. Firstly, the trials we included were not random control trials and had
small sample size, it might cause bias. Secondly, trauma is the main indication for
splenectomy and the surgery after traumatic abdominal may be a relevant factor of
thromboembolism. Therefore, trauma and the surgery may cause substantial
heterogeneity in this study, but we did not have enough information to further
explore.

In conclusion, our study found that the prevalence of splenectomy in CTEPH was
4.6%, and CTEPH was associated with splenectomy. High-quality prospective trials
were needed to further explore the (causal) relationship between CTEPH and
splenectomy.
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18 Joanna Europe and  Observational =y
196 . 2015 679/NA 63/NA 49.9/NA NAS NA NA 18
20 Pepke-Zaba Canada study =
Ob tional 3
27 BohacekovaM* 2016  Slovakia t Zerva ond 81/NA 60.5/NA 62.9/NA 273NA NA NA 17
study
23 . Observational %
248 R. Condliffe?® 2009 UK rud 469/NA NA/NA NA NA= NA NA 17
25 study o
26 §
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Figure legends

Fig 1 Flow chart of study search and selection process

Fig 2 Forest plot with meta-analysis of the association of splenectomy between
chronic thromboembolic pulmonary hypertension, idiopathic pulmonary arterial
hypertension and pulmonary thromboembolism

Fig 3 Forest plot with meta-analysis of the prevalence and 95% CI of splenectomy in
patients with chronic thromboembolic pulmonary hypertension in the assessed studies

Fig 4 Funnel plot to assess publication bias
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Search strategy
Pubmed

(((splenectomies[MeSH Terms]) OR splenectomy)) AND (((Hypertension,
Pulmonary[MeSH Terms]) OR pulmonary hypertension) OR chronic thromboembolic
pulmonary hypertension)

The Cochrane library

#1
#2

MeSH descriptor: [Hypertension, Pulmonary] explode all trees

(Chronic thromboembolic pulmonary hypertension):ti,ab,kw (Word variations

have been searched)

#3
#4
#5
#6
#7
#8

(pulmonary hypertension):ti,ab,kw (Word variations have been searched)
MeSH descriptor: [Splenectomy] explode all trees
(splenectomies):ti,ab,kw (Word variations have been searched)

#1 OR #2 OR #3

#4 OR #5

#6 AND #7

Embase

#1.
#2.
#3.
#4.
#5.
#6.
#7.

'chronic thromboembolic pulmonary hypertension'/exp
'pulmonary hypertension':ab,ti,kw

'splenectomy'/exp

'splenectomies':ab,ti,kw

#1 OR #2

#3 OR #4

#5 AND #6
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eTable 1. Results of Sensitivity Analyses With Exclusion of the Listed Trials

Removed trials N °F No of OR[95%CTI]
studies  participants
X Jais! 4 1151 3.45[1.52,7.81]
D. Bonderman? 4 975 3.37[1.84,6.15]
Martinez C3 4 1125 3.30[1.66,6.54]
Irene M. Lang* 4 977 4.31[2.19,8.47]
Nicolas Coquoz® 4 1404 3.32[1.81,6.09]

eTable 2. Results of Sensitivity Analyses With Exclusion of the Listed Trials

) No of No of .
Removed trials ) . Rati0[95%CI]
studies participants

X Jais! 6 2374 0.39[0.26,0.52]

D. Bonderman? 6 2198 0.42[0.25,0.58]

Martinez C3 6 2348 0.48[0.32,0.63]

Irene M. Lang* 6 2200 0.46[0.28,0.64]

Nicolas Coquoz® 7 2631 0.43[0.29,0.58]

J

oanna 6 1954 0.46[0.27,0.65]
Pepke-Zaba®

Bohacekova M’ 6 2550 0.46[0.30,0.62]

R. Condliffe? 6 2162 0.39[0.25,0.54]

No.: number; OR: odds ratio; 95%CI: 95%confidence intervals
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Abstract

Objectives: Whether splenectomy increases the risk of chronic thromboembolic
pulmonary hypertension (CTEPH) remains unclear. We conducted a systematic
review and meta-analysis to explore the association between splenectomy and
CTEPH.

Methods: The PubMed, Embase, and Cochrane Library databases were systematically
searched for records of splenectomy and CTEPH. The Newcastle-Ottawa scale and
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were used to assess the quality of the included studies and each quality
item was graded as low risk or high risk. The random-effects model was used to
calculate different effective values.

Results: In total, eight trials involving 6190 participants fulfilled the inclusion criteria.
The overall pooled crude prevalence of splenectomy was 4.0% (95%CI: 0.03 to 0.06,
1’=71.5%, p<0.01) in the CTEPH patients. Subgroup analysis showed a statistically
significant high incidence of splenectomy in the CTEPH patients (OR=3.04, 95%CI:
1.51 to 6.14, 1>=0.0%) compared to that in idiopathic pulmonary arterial hypertension
(IPAH) patients. There was a significantly high incidence of splenectomy in the
CTEPH patients (OR=5.10, 95%CI: 1.66 to 15.68, 1’=0.0%) compared to that in

pulmonary thromboembolism (PE) patients.
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Conclusion: The prevalence of splenectomy in CTEPH patients was 4.0%, and
CTEPH might be associated with splenectomy. However, high-quality prospective
trials are needed.
PROSPERO registration number: CRD42020137591.
Keywords: Pulmonary hypertension, chronic thromboembolic pulmonary
hypertension, splenectomy, systematic review, meta-analysis
Strengths and limitations of this study
This systematic review focuses on the prevalence of splenectomy, and also evaluates
the association of splenectomy in the CTEPH patients compare to that in PAH or PE
patients.
Absence of evident publication bias increases the reliability of our findings.
However, the trials included were not randomized controlled trials and sample size
was small.
Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a disease of
pulmonary artery obstruction and non-obstructive pulmonary artery remodeling as a
consequence of pulmonary artery thromboembolism, which eventually leads to right
heart failure and death!. CTEPH, a well-known long-lasting complication of acute
pulmonary thromboembolism (PE) associated with poor thrombus resolution and
altered pulmonary artery hemodynamics? is considered post-pulmonary embolism
syndrome?. In long-term follow-up, the mortality of CTEPH was high, and with

increases in pulmonary artery pressure, the mortality rate gradually increased*. Lupus
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anticoagulant and antiphospholipid antibodies and coagulation factor FVIII have been
associated with CTEPH? 6.

Splenectomy can also increase the incidence of venous thromboembolism’. The
2018Cologne Consensus Conference mentioned interplay splenectomy and several
factors were shown to promote the transformation of a pulmonary embolism into a
fibrotic vascular occlusion®. Previous studies reported that 2.1% to 8.6% of the
patients with CTEPH had undergone splenectomy? '°. Another study showed that the
incidence of splenectomy in CTEPH patients was similar to that in idiopathic
pulmonary arterial hypertension (IPAH) patients!!. Based on these findings, it is
difficult to determine the relationship between splenectomy and CTEPH. Therefore,
this systematic review and meta-analysis were conducted to confirm whether
splenectomy increased the risk of CTEPH.

Methods

This meta-analysis was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement (PRISMA)!'?-14, The MeaSurement
Tool to Assess systematic Reviews (AMSTAR 2) was used to assess the
methodological quality of this systematic review and meta-analysis!> 16, and this
study was registered in PROSPERO (registration number: CRD42020137591).
Search strategy

PubMed, the Cochrane library, and the EMBASE database were searched from
the database inceptions to April 7, 2019, using the keywords splenectomy,

splenectomies, hypertension, pulmonary, pulmonary hypertension, and chronic
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thromboembolic pulmonary hypertension to identify all potentially eligible trials. No
language restrictions were imposed. The reference lists of articles relevant to the topic
were hand-searched to identify other potentially relevant articles. The specific search
strategies are reported in Supplementary Appendix 1.

Study selection

Trials were selected that enrolled patients diagnosed with CTEPH and reported
any splenectomy profile, and trials that reported the prevalence of splenectomy in
CTEPH patients. The exclusion criteria were conference abstracts, reviews, case
reports, animal trials, letters, and other unrelated topics, and trials that contained
duplicate data.

Quality assessment

Two authors independently assessed the risk of bias in the nonrandomized studies
using the Newcastle-Ottawa Scale, which assesses sample representativeness and size,
and assessed the representativeness of the cases compared with IPAH or PE, the
comparability between CTEPH and IPAH or PE, ascertainment of splenectomy, and
the thoroughness of descriptive statistics reporting. Studies with scores of less than 3
points were judged as having a high risk of bias, and as a low risk of bias with more
than 3 points. The risk of bias in the observational studies was assessed using an
adapted version of the STROBE guidelines!'’. Twenty-two items were evaluated to
reveal the strengths and weaknesses of the trials to facilitate rational interpretation and
the application of the trial results. The third author resolved disagreements.

Data extraction
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Two authors independently extracted the following information from each trial:
lead author, publication year, country of origin, study type, sample size, patient
characteristics, the patient type in the control group, the odds ratio (OR) of
splenectomy, and the prevalence of splenectomy. Disagreements were resolved by the
third author.

The primary outcome was the ORs of splenectomy. The secondary outcome was
the prevalence estimates of splenectomy. All eight trials reported the prevalence of
splenectomy and five trials reported the ORs of splenectomy.

Statistical analysis

A meta-analysis was performed to calculate the ORs and 95%confidence intervals
(CIs) of the dichotomous outcome data. The prevalence of splenectomy was also
calculated. Forest plots showed the individual studies and the meta-analysis
estimates'®. A random-effects model was used to pool the data and evaluate the
statistical heterogeneity between the summary data using the I? statistic. In this
meta-analysis, an 1>>50% indicated a significant heterogeneity between studies'.

Sensitivity analysis was performed to determine the influence of each trial on the
association of splenectomy with CTEPH compared to the control group.

To evaluate whether the association between splenectomy and CTEPH was
changed when compared with different control groups, subgroup analyses were
performed based on different control groups. Publication bias was assessed by
examining funnel plots and by the Egger test?*- 2!,

Review Manager 5.3 (Nordic Cochrane Centre, The Cochrane Collaboration) and
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Stata 13.0 (StataCorp, TX) were used to analyze the data. P<0.05 indicated a
statistically significant difference.
Patient and public involvement

Patients and the public were not involved in this review.

Results
Study identification and selection

By the search strategy, 422 potentially eligible records were identified when
duplicate trials were excluded. The titles and abstracts of the identified records were
screened for inclusion. After excluding conference abstracts, reviews, case reports,
animal trials, letters, and other unrelated topics, the full text of 21 trials was reviewed.
Finally, eight trials® *!1- 2225 involving a total of 6190 patients were included in the
meta-analysis (Fig. 1).

The patient characteristics in the included trials are reported in Table 1. The
included trials were mostly retrospective studies. The majority of patients included
were from Europe and equally distributed between genders. All the trials reported the
prevalence of splenectomy in CTEPH patients but three observational studies*3->3did

not report the incidence of splenectomy between the CTEPH group and the IPAH or

PE group, so only the prevalence of splenectomy in the CTEPH patients was included.

And only two trials reported the causes of the splenectomies® 23,
The Newcastle-Ottawa score components for the five individual trials appear in
Table 1. One trial>> was low quality, and four® °-!! were of high quality. The STROBE

scores of the three individual trials ranged from 177325 to 182 (Table 1), but no trials

8
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described any efforts to address potential sources of bias. Furthermore, two trials did
not clearly define the variables?> 24, two trials failed to report other analyses such as
subgroup or sensitivity analyses?> 23 and two trials did not report the source of
funding?- .

Prevalence of splenectomy in CTEPH

The pooled crude prevalence of splenectomy in CTEPH patients from eight trials
was 4.0% (95%CI: 0.03 to 0.06, I’=71.5%, P<0.01) (Fig. 2).The prevalence reported
by the individual trials ranged from 2.0% to 9.0%.

Sensitivity analysis of this study excluded each serially repeated trials and showed
that no individual trial significantly affected the overall prevalence of splenectomy in
the CTEPH patients (eTable 1).

Comparisons of incidence of splenectomy among CTEPH, IPAH, and PE patients

Five trials compared the incidence of splenectomy in CTEPH patients with that in
IPAH patients or PE patients. As shown in Fig. 3, subgroup analysis showed a
statistically significant high incidence of splenectomy in the CTEPH patients
(OR=3.04, 95%CI: 1.51 to 6.14, 1>=0.0%) compared to that in the IPAH patients.
There was also a significantly high incidence of splenectomy in the CTEPH patients
(OR =5.10, 95%CI: 1.66 to 15.68, 1>=0.0%) compared to that in the PE patients.

A sensitivity analysis was performed to assess the weight of each trial. Sensitivity
analysis in this meta-analysis excluded each serially repeated trial and showed that no
individual trial significantly affected the overall incidence of splenectomy in the

CTEPH patients and IPAH or PE patients (eTable 2).
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Publication bias

No significant asymmetry was apparent by visual inspection of the funnel plot of
studies reporting on splenectomies (Fig. 4). The Egger test did not show significant
publication bias (P=0.24).

Discussion

The results of this systematic review and meta-analysis showed a statistically
significant high incidence of splenectomies in CTEPH patients compared to IPAH or
PE patients. It showed that splenectomy could be significantly associated with
CTEPH. The pooled prevalence of CTEPH patients with splenectomies was 4.0%.
Sensitivity analysis showed that no individual trial significantly affected the overall
incidence.

The prerequisite for CTEPH may be both in situ thrombosis and embolism?S.
Patients undergoing splenectomy may have significant enrichment of anion
phospholipids?’ and platelet-derived microparticles (MP)?8. These MPs contribute to
thrombus formation by acting as pro-coagulants by providing a negatively charged
surface for the assembly of coagulation proteases?. Erythrocyte membrane
components have been reported to have an effect on venous thromboembolic diseases
30,31 The number of red blood cells with altered phosphatidylserine expression was
increased 20-fold after splenectomies in thalassemia patients’?. These cells are also
procoagulant phenotypic markers that accelerate thrombin formation. Also, the loss of
splenic filtration will result in the retention of abnormal red blood cells in the
peripheral circulation after splenectomy, leading to the activation of the coagulation

10
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cascade, even in the absence of chronic hemolysis.

Therefore, we suggest that the development of thrombotic complications in patients
undergoing splenectomy should be monitored closely by routine electrocardiogram
(ECG) and/or echocardiography3?. Splenectomized patients who present with
exertional dyspnea, ECG with right ventricular overload (RVO), and right heart
enlargement and/or elevated pulmonary arterial pressure by echocardiography should
be referred to the center of pulmonary hypertension for further assessment32.

In conclusion, this study found that the prevalence of splenectomy in CTEPH was
4.0%, and CTEPH was associated with splenectomy. High-quality prospective trials
are needed to further explore the (causal) relationship between CTEPH and
splenectomy.

Limitations

Firstly, the trials included were not randomized controlled trials and had small
sample sizes, which might cause bias. Secondly, trauma is the main indication for
splenectomy, and surgery after a traumatic abdominal injury may be a relevant factor
in thromboembolism. Therefore, trauma and surgery may have caused substantial
heterogeneity in this study. However, there was not enough information to explore
these factors further. Thirdly, many hematological disorders responsible for
splenectomy are confounding factors for CTEPH, but there was insufficient
information for subgroup analysis.
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Figure legends

Fig. 1 Flow chart of study search and selection process

Fig. 2 Forest plot with meta-analysis of the prevalence and 95% CI of splenectomy in
patients with chronic thromboembolic pulmonary hypertension in the assessed studies
Fig. 3 Forest plot with meta-analysis of the association of splenectomy between
chronic thromboembolic pulmonary hypertension, idiopathic pulmonary arterial
hypertension and pulmonary thromboembolism

Fig. 4 Funnel plot to assess publication bias
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Search strategy

Pubmed

(((splenectomies[MeSH Terms]) OR splenectomy)) AND (((Hypertension,
Pulmonary[MeSH Terms]) OR pulmonary hypertension) OR chronic thromboembolic
pulmonary hypertension)

The Cochrane library

#1
#2

MeSH descriptor: [Hypertension, Pulmonary] explode all trees

(Chronic thromboembolic pulmonary hypertension):ti,ab,kw (Word variations

have been searched)

#3
#4
45
#6
#7
48

(pulmonary hypertension):ti,ab,kw (Word variations have been searched)
MeSH descriptor: [Splenectomy] explode all trees
(splenectomies):ti,ab,kw (Word variations have been searched)

#1 OR #2 OR #3

#4 OR #5

#6 AND #7

Embase

#1.
#2.
#3.
#4.
#5.
#6.
#7.

'chronic thromboembolic pulmonary hypertension'/exp
'pulmonary hypertension':ab,ti,kw

'splenectomy'/exp

'splenectomies':ab,ti,kw

#1 OR #2

#3 OR #4

#5 AND #6
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eTable 1. Results of Sensitivity Analyses With Exclusion of the Listed Trials

No. of No. of

Removed trials ) .. Ratio[95%CI]
studies  participants
X Jais! 6 2374 0.39[0.26,0.52]
Diana Bonderman? 6 2198 0.42[0.25,0.58]
Carlos Martinez * 6 2348 0.48[0.32,0.63]
Irene M. Lang* 6 2200 0.46[0.28,0.64]
Nicolas Coquoz’ 7 2631 0.43[0.29,0.58]
Joanna 6 1954 0.46[0.27,0.65]
Pepke-Zaba® ’
M. Bohacekova’ 6 2550 0.46[0.30,0.62]
R. Condliffe? 6 2162 0.39[0.25,0.54]

eTable 2. Results of Sensitivity Analyses With Exclusion of the Listed Trials

Removed trials O OF $lg; of OR[95%CTI]
studies participants
X Jais! 4 1151 3.45[1.52,7.81]
Diana Bonderman? 4 975 3.37[1.84,6.15]
Carlos Martinez * 4 1125 3.30[1.66,6.54]
Irene M. Lang* 4 977 4.31[2.19,8.47]
Nicolas Coquoz’ 4 1404 3.32[1.81,6.09]

OR: odds ratio, 95%CI: 95%confidence intervals
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Abstract

Objectives: Whether splenectomy increases the risk of chronic thromboembolic
pulmonary hypertension (CTEPH) remains unclear. We conducted a systematic
review and meta-analysis to explore the association between splenectomy and
CTEPH.

Design: Systematic review and meta-analysis.

Data sources: PubMed, Embase, and Cochrane Library databases.
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Methods: Two authors independently searched and extracted the data. The
Newcastle-Ottawa scale and the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines were used to assess the quality of the included
studies and each quality item was graded as low risk or high risk. The random-effects
model was used to calculate different effective values.

Results: In total, eight trials involving 6183 participants fulfilled the inclusion criteria.
The overall pooled crude prevalence of splenectomy was 4.0% (95%CI: 0.03 to 0.06,
1’=71.5%, P<0.01) in the CTEPH patients. Subgroup analysis showed a statistically
significant high incidence of splenectomy in the CTEPH patients (OR=2.94, 95%CI:
1.62 to 5.33, 1>=0.0%) compared to that in pulmonary arterial hypertension (PAH)
patients. There was a significantly high incidence of splenectomy in the CTEPH
patients (OR=5.59, 95%CI: 2.12 to 14.74, I’=0.0%) compared to that in
thromboembolism disease (venous thromboembolism or pulmonary embolism)
patients.

Conclusion: The prevalence of splenectomy in CTEPH patients was 4.0%, and
CTEPH might be associated with splenectomy. However, high-quality prospective
trials are needed.

PROSPERO registration number: CRD42020137591.

Keywords: Pulmonary hypertension, chronic thromboembolic  pulmonary
hypertension, splenectomy, systematic review, meta-analysis

Strengths and limitations of this study

This systematic review focuses on the prevalence of splenectomy, and also evaluates
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the association of splenectomy in the CTEPH patients compare to that in PAH or
thromboembolism disease patients.
Absence of evident publication bias increases the reliability of our findings.
However, the trials included were not randomized controlled trials and sample size
was small.
Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a disease of
pulmonary artery obstruction and non-obstructive pulmonary artery remodeling as a
consequence of pulmonary artery thromboembolism, which eventually leads to right
heart failure and death!. CTEPH, a well-known long-lasting complication of acute
pulmonary thromboembolism associated with poor thrombus resolution and altered
pulmonary artery hemodynamics? is considered post-pulmonary embolism syndrome?>.
In long-term follow-up, the mortality of CTEPH was high, and with increases in
pulmonary artery pressure, the mortality rate gradually increased*. Lupus
anticoagulant and antiphospholipid antibodies and coagulation factor FVIII have been
associated with CTEPH? 6.

Splenectomy can also increase the incidence of venous thromboembolism’. The
2018Cologne Consensus Conference mentioned interplay splenectomy and several
factors were shown to promote the transformation of a pulmonary embolism into a
fibrotic vascular occlusion®. Previous studies reported that 2.1% to 8.6% of the
patients with CTEPH had undergone splenectomy? '°. Another study showed that the

incidence of splenectomy in CTEPH patients was similar to that in idiopathic
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pulmonary arterial hypertension (IPAH) patients'!. Based on these findings, it is
difficult to determine the relationship between splenectomy and CTEPH. Therefore,
this systematic review and meta-analysis were conducted to confirm whether
splenectomy increased the risk of CTEPH.
Methods

This meta-analysis was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement (PRISMA)!2-14, The MeaSurement
Tool to Assess systematic Reviews (AMSTAR 2) was used to assess the
methodological quality of this systematic review and meta-analysis'> 16, and this
study was registered in PROSPERO (registration number: CRD42020137591).
Search strategy

PubMed, the Cochrane library, and the EMBASE database were searched from

the database inceptions to April 7, 2019, using the keywords splenectomy,
splenectomies, hypertension, pulmonary, pulmonary hypertension, and chronic
thromboembolic pulmonary hypertension to identify all potentially eligible trials. No
language restrictions were imposed. The reference lists of articles relevant to the topic
were hand-searched to identify other potentially relevant articles. The specific search
strategies are reported in Supplementary Appendix 1.

Study selection

Trials were selected that enrolled patients diagnosed with CTEPH and reported
any splenectomy profile, and trials that reported the prevalence of splenectomy in

CTEPH patients. The exclusion criteria were conference abstracts, reviews, case
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reports, animal trials, letters, and other unrelated topics, and trials that contained
duplicate data.
Quality assessment

Two authors independently assessed the risk of bias in the nonrandomized studies
using the Newcastle-Ottawa Scale, which assesses sample representativeness and size,
and assessed the representativeness of the cases compared with control group, the
comparability between CTEPH and control group, ascertainment of splenectomy, and
the thoroughness of descriptive statistics reporting. Studies with scores of less than 3
points were judged as having a high risk of bias, and as a low risk of bias with more
than 3 points. The risk of bias in the observational studies was assessed using an
adapted version of the STROBE guidelines!’. Twenty-two items were evaluated to
reveal the strengths and weaknesses of the trials to facilitate rational interpretation and
the application of the trial results. The third author resolved disagreements.
Data extraction

Two authors independently extracted the following information from each trial:
lead author, publication year, country of origin, study type, sample size, patient
characteristics, the patient type in the control group, the odds ratio (OR) of
splenectomy, and the prevalence of splenectomy. Disagreements were resolved by the
third author.

The primary outcome was the prevalence estimates of splenectomy. The secondary
outcome was the ORs of splenectomy. All eight trials reported the prevalence of

splenectomy and five trials reported the ORs of splenectomy.
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Statistical analysis

A meta-analysis was performed to calculate the ORs and 95%confidence intervals
(CIs) of the dichotomous outcome data. The prevalence of splenectomy was also
calculated. Forest plots showed the individual studies and the meta-analysis
estimates'®. A random-effects model was used to pool the data and evaluate the
statistical heterogeneity between the summary data using the I? statistic. In this
meta-analysis, an 1>>50% indicated a significant heterogeneity between studies'.

Sensitivity analysis was performed to determine the influence of each trial on the
association of splenectomy with CTEPH compared to the control group.

To evaluate whether the association between splenectomy and CTEPH was
changed when compared with different control groups, subgroup analyses were
performed based on different control groups. The control groups were PAH or
thromboembolism disease (venous thromboembolism or pulmonary embolism).
Publication bias was assessed by examining funnel plots and by the Egger test?% 2!,

Review Manager 5.3 (Nordic Cochrane Centre, The Cochrane Collaboration) and
Stata 13.0 (StataCorp, TX) were used to analyze the data. P<0.05 indicated a
statistically significant difference.

Patient and public involvement

Patients and the public were not involved in this review.

Results
Study identification and selection

By the search strategy, 422 potentially eligible records were identified when

7
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duplicate trials were excluded. The titles and abstracts of the identified records were
screened for inclusion. After excluding conference abstracts, reviews, case reports,
animal trials, letters, and other unrelated topics, the full text of 21 trials was reviewed.
Finally, eight trials® *!1- 2225 involving a total of 6183 patients were included in the
meta-analysis (Fig. 1).

The patient characteristics in the included trials are reported in Table 1. The
included trials were mostly retrospective studies. The majority of patients included
were from Europe and equally distributed between genders. All the trials reported the
prevalence of splenectomy in CTEPH patients but three observational studies?3->>did
not report the incidence of splenectomy between the CTEPH group and the PAH or
thromboembolism disease (venous thromboembolism or pulmonary embolism) group,
so only the prevalence of splenectomy in the CTEPH patients was included. And only
two trials reported the causes of the splenectomies®- 3.

The Newcastle-Ottawa score components for the five individual trials appear in
Table 1. One trial>? was low quality, and four® °-!! were of high quality. The STROBE
scores of the three individual trials ranged from 172325 to 182* (Table 1), but no trials
described any efforts to address potential sources of bias. Furthermore, two trials did
not clearly define the variables?> 24, two trials failed to report other analyses such as
subgroup or sensitivity analyses?> 23 and two trials did not report the source of
funding?- .

Prevalence of splenectomy in CTEPH

The pooled crude prevalence of splenectomy in CTEPH patients from eight trials
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was 4.0% (95%CI: 0.03 to 0.06, I’=71.5%, P<0.01) (Fig. 2).The prevalence reported
by the individual trials ranged from 2.0% to 9.0%.

Sensitivity analysis of this study excluded each serially repeated trials and showed
that no individual trial significantly affected the overall prevalence of splenectomy in
the CTEPH patients (eTable 1).

Comparisons of incidence of splenectomy among CTEPH, PAH, and
thromboembolism disease patients

Five trials compared the incidence of splenectomy in CTEPH patients with that in
PAH patients or thromboembolism disease patients. As shown in Fig. 3, subgroup
analysis showed a statistically significant high incidence of splenectomy in the
CTEPH patients (OR=2.94, 95%CI: 1.62 to 5.33, 1>=0.0%) compared to that in the
PAH patients. There was also a significantly high incidence of splenectomy in the
CTEPH patients (OR=5.59, 95%CI: 2.12 to 14.74, 1>=0.0%) compared to that in the
thromboembolism disease patients.

A sensitivity analysis was performed to assess the weight of each trial. Sensitivity
analysis in this meta-analysis excluded each serially repeated trial and showed that no
individual trial significantly affected the overall incidence of splenectomy in the
CTEPH patients and PAH or thromboembolism disease patients (eTable 2).
Publication bias

No significant asymmetry was apparent by visual inspection of the funnel plot of
studies reporting on splenectomies (Fig. 4). The Egger test did not show significant

publication bias (P=0.52).
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Discussion

The results of this systematic review and meta-analysis showed a statistically
significant high incidence of splenectomies in CTEPH patients compared to PAH or
thromboembolism disease patients. It showed that splenectomy could be significantly
associated with CTEPH. The pooled prevalence of CTEPH patients with
splenectomies was 4.0%. Sensitivity analysis showed that no individual trial
significantly affected the overall incidence.

The prerequisite for CTEPH may be both in situ thrombosis and embolism?S.
Patients undergoing splenectomy may have significant enrichment of anion
phospholipids?’ and platelet-derived microparticles (MP)?8. These MPs contribute to
thrombus formation by acting as pro-coagulants by providing a negatively charged
surface for the assembly of coagulation proteases®. Erythrocyte membrane
components have been reported to have an effect on venous thromboembolic diseases
30,31 The number of red blood cells with altered phosphatidylserine expression was
increased 20-fold after splenectomies in thalassemia patients’?. These cells are also
procoagulant phenotypic markers that accelerate thrombin formation. Also, the loss of
splenic filtration will result in the retention of abnormal red blood cells in the
peripheral circulation after splenectomy, leading to the activation of the coagulation
cascade, even in the absence of chronic hemolysis.

Therefore, we suggest that the development of thrombotic complications in patients
undergoing splenectomy should be monitored closely by routine electrocardiogram
(ECG) and/or echocardiography3?. Splenectomized patients who present with
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exertional dyspnea, ECG with right ventricular overload (RVO), and right heart
enlargement and/or elevated pulmonary arterial pressure by echocardiography should
be referred to the center of pulmonary hypertension for further assessment32.

In conclusion, this study found that the prevalence of splenectomy in CTEPH was
4.0%, and CTEPH was associated with splenectomy. High-quality prospective trials
are needed to further explore the (causal) relationship between CTEPH and
splenectomy.

Limitations

Firstly, the trials included were not randomized controlled trials and had small
sample sizes, which might cause bias. Secondly, trauma is the main indication for
splenectomy, and surgery after a traumatic abdominal injury may be a relevant factor
in thromboembolism. Therefore, trauma and surgery may have caused substantial
heterogeneity in this study. However, there was not enough information to explore
these factors further. Thirdly, many hematological disorders responsible for
splenectomy are confounding factors for CTEPH, but there was insufficient
information for subgroup analysis.
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Figure legends

Fig. 1 Flow chart of study search and selection process

Fig. 2 Forest plot with meta-analysis of the prevalence and 95% CI of splenectomy in
patients with chronic thromboembolic pulmonary hypertension in the assessed studies
Fig. 3 Forest plot with meta-analysis of the association of splenectomy between
chronic thromboembolic pulmonary hypertension, pulmonary arterial hypertension
and thromboembolism disease

Fig. 4 Funnel plot to assess publication bias
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Search strategy

Pubmed

(((splenectomies[MeSH Terms]) OR splenectomy)) AND (((Hypertension,
Pulmonary[MeSH Terms]) OR pulmonary hypertension) OR chronic thromboembolic
pulmonary hypertension)

The Cochrane library

#1
#2

MeSH descriptor: [Hypertension, Pulmonary] explode all trees

(Chronic thromboembolic pulmonary hypertension):ti,ab,kw (Word variations

have been searched)

#3
#4
45
#6
#7
48

(pulmonary hypertension):ti,ab,kw (Word variations have been searched)
MeSH descriptor: [Splenectomy] explode all trees
(splenectomies):ti,ab,kw (Word variations have been searched)

#1 OR #2 OR #3

#4 OR #5

#6 AND #7

Embase

#1.
#2.
#3.
#4.
#5.
#6.
#7.

'chronic thromboembolic pulmonary hypertension'/exp
'pulmonary hypertension':ab,ti,kw

'splenectomy'/exp

'splenectomies':ab,ti,kw

#1 OR #2

#3 OR #4

#5 AND #6
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eTable 1. Results of Sensitivity Analyses With Exclusion of the Listed Trials

. No. No. .
Removed trials i . Ratio[95%CI]
studies  participants

X Jais! 6 2374 0.39[0.26,0.52]
Diana Bonderman? 6 2198 0.42[0.25,0.58]
Carlos Martinez * 6 2348 0.48[0.32,0.63]
Irene M. Lang* 6 2200 0.46[0.28,0.64]
Nicolas Coquoz’ 7 2631 0.43[0.29,0.58]
Joanna 6 1954 0.46[0.27.0.65]

Pepke-Zaba® ’
M. Bohacekova’ 6 2550 0.46[0.30,0.62]
R. Condliffe? 6 2162 0.39[0.25,0.54]

eTable 2. Results of Sensitivity Analyses With Exclusion of the Listed Trials

Removed trials No. 3o OR[95%CI]
studies participants
X Jais! 4 4423 3.57[1.92,6.67]
Diana Bonderman? 4 4269 3.50[1.97,6.22]
Carlos Martinez 3 4 2317 3.12[1.74,5.59]
Irene M. Lang* 4 4367 4.02[2.31,7.00]
Nicolas Coquoz’ 4 4448 3.36[2.01,5.62]

OR: odds ratio, 95%CI: 95%confidence intervals
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