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Abstract

OBJECTIVES: Chronic thromboembolic pulmonary hypertension is a rare disease, characterized by delays in diagnosis and curative sur-
gical treatment. After establishing a surgical pulmonary endarterectomy centre in Switzerland and due to a historically low resection rate
of 14%, a national multidisciplinary evaluation board was established in January 2018. Herein, we summarize the impact of the board on
our programme.

METHODS: Patients discussed in the national chronic thromboembolic pulmonary hypertension board from January 2018 to December
2023 were included. Clinical characteristics, treatment allocation and survival were compared between patients undergoing surgery,
patients refusing surgery and non-operable patients. Fisher's exact test or three-way ANOVA and Kaplan-Meier analyses were used.

RESULTS: 188 patients were discussed at our national chronic thromboembolic pulmonary hypertension board; 131 (70%) presented
with operable disease, 77 (41%) were referred for pulmonary endarterectomy and 34 (18%) of operable patients declined surgery. There
is a significant difference in survival between these groups (P =0.048). One- and 2-year survival in the subgroup undergoing pulmonary
endarterectomy was 97% and 79%, respectively, while 1- and 2-year survival in the subgroup refusing pulmonary endarterectomy was
91% and 76%, respectively. The pulmonary endarterectomy rate has increased from a historical low of 14-41% since establishing
the board.

CONCLUSIONS: Establishing an interdisciplinary board is essential to address diagnostic and management challenges in chronic throm-
boembolic pulmonary hypertension patients. The Swiss national chronic thromboembolic pulmonary hypertension board played an im-
portant role in substantially increasing the rate of curative surgery.

Keywords: chronic thromboembolic pulmonary hypertension « pulmonary endarterectomy « multidisciplinary board

According to the international registry and European guide-

ABBREVIATIONS lines, centres performing >50 PEAs per year had the best in-

hospital and 1-year mortality rates [2, 14]. Given the country’s
BPA Balloon pulmonary angioplasty small population, these PEA rates are not realistic in Switzerland.
CTEPH  Chronic thromboembolic pulmonary hypertension Until 2015, there was no PEA programme in Switzerland, and
ERS European Respiratory Society therefore from 2000 to 2012, only 14% and from 2011 to 2015,
ESC European Society of Cardiology 28% of patients received PEA [15, 16], and patients had to travel
IQR Interquartile range to other countries for surgery (Germany, France). After establish-
NYHA New York Heart Association ing a PEA centre in Zurich, Switzerland, the need for a national
PEA Pulmonary endarterectomy multidisciplinary evaluation Board was recognized. Here, we
PH Pulmonary arterial hypertension discuss the effect of the establishment of a multidisciplinary
SSPH Swiss Society of Pulmonary Hypertension national CTEPH Board in Switzerland supported by the Swiss

Society of Pulmonary Hypertension (SSPH) on the outcome of
Swiss CTEPH patients.

INTRODUCTION

Chronic thromboembolic pulmonary hypertension (CTEPH)-a MATERIALS AND METHODS

rare precapillary form of pulmonary hypertension, classified as
group 4 of pulmonary hypertension (PH)—is a potentially fatal
disease often associated with preceding acute pulmonary embo-
lism and defined by symptomatic PH with persistent perfusion
defects despite 3months of adequate anticoagulation [1, 2].
CTEPH is underdiagnosed and undertreated. Recent interna-
tional data show an annual incidence of 3-5 cases per 100 000
individuals [3]. Diagnostic delay is a significant issue, with a me-
dian time of 14 months from symptom onset to diagnosis [4-7].
This delay is associated with worse haemodynamic profiles and
shorter survival rates [4, 8, 9]. Untreated mean pulmonary arte-
rial pressure above 30 mmHg is linked to a 90% 3-year mortality
[10, 11]. Pulmonary endarterectomy (PEA) is the gold standard
treatment for CTEPH with surgically accessible lesions [2]. It is as-
sociated with significantly improved medium- to long-term sur-
vival compared with conservative treatment [8]. Balloon
pulmonary angioplasty (BPA) is a therapeutic option for inopera-
ble patients or those with residual PH post-PEA. Combining
medical therapy with interventional procedures offers a compre-
hensive approach to managing CTEPH, improving survival and
quality of life [2, 8,12, 13].

Ethical statement

The local ethics committee reviewed this project for clarification of
responsibility BASEC-ID (Req-2024-01486). This project is classified
as quality assurance and, therefore, does not fall within the scope
of the Human Research Act and does not require the approval of
the competent ethics committee before its implementation.

Patients and methods

The national Swiss CTEPH Board was inaugurated in January
2018, supported by the SSPH. The board comprises a multidisci-
plinary collaborative team of pulmonologists, cardiologists, radi-
ologists and thoracic surgeons. The Swiss National CTEPH Board
includes leading medical centres from across Switzerland. The
board meets monthly to discuss patient cases, treatment proto-
cols and research advancements in CTEPH.

The study design is a retrospective cohort study. Patients in-
cluded were all patients with CTEPH discussed at the CTEPH
Board between January 2018 and December 2023. Patients
without confirmation of a CTEPH diagnosis were excluded.
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We retrospectively divided the patients into three groups: opera-
ble patients undergoing PEA, operable patients refusing PEA and
non-operable patients. Patients with a follow-up status no lon-
ger than 6 months prior to this analysis were included. Extensive
efforts were undertaken to minimize the loss of follow-up and
missing data including gathering data from the most recent
follow-up from referring hospitals, primary care physicians or
patients. Follow-up rates were estimated using the simplified
person-time method by Xue et al. [17]. Patient data were
extracted from the hospitals electronic patient system. The data
were managed using REDCap electronic data capture tools
hosted at the University Hospital of Zurich.

Statistical analysis

Tables and charts were created using Microsoft Excel 2016. The
Swiss-map was hand-drawn. The Kaplan-Meier survival curve was
created using RStudio (2020; RStudio: Integrated Development for
R). The Sankey plot was created using SankeyMATIC open-source

Table 1:
January 2018 to December 2023

tool (2024). The resection rate diagram and logistic regression
were done using MatLab MathWorks Inc. (2022). For the descrip-
tive data analysis and presentation, we used total number, per-
centage and median with Interquartile range (IQR). For categorical
data, the P-values were calculated with Fisher’s exact test, for con-
tinuous data with three-way ANOVA and survival with log-rank
test. Pairwise P-values are reported for survival comparisons, using
hazard ratios estimated from a Cox proportional hazards model,
which accounts for the log-linear relationship of risks. The signifi-
cance level was defined at P=0.05. A multinomial logistic regres-
sion was used to analyse characteristics associated with
undergoing PEA. Missing data and values were reported as such.
The outcomes of interest were survival and resection rate com-
pared to the historical cohort.

RESULTS

In total, 188 CTEPH patients were discussed at the CTEPH Board.
The patients (Table 1) median age was 68 years (IQR 55-75 years);

Baseline characteristics and survival outcomes of patients with CTEPH discussed at the Swiss national CTEPH Board from

All CTEPH patients Non-operable PEA refused PEA conducted

Number of cases 188 57 34 77
Age in years

Median [IQR] 68 [55 75] 72[61.578.25] 74[59.75 77 62[5170]
Gender

Male 107 (56.91%) 26 (45.61%) 16 (47.06%) 50 (64.94%)

Female 81 (43.09%) 31 (54.39%) 18 (52.94%) 27 (35.06%)
NYHA

| 10 (5.32%) 4(7.02%) 3(8.82%) 2 (2.60%)

I 72 (38.30%) 23 (40.35%) 14 (41.18%) 24 (31.17%)

1l 96 (51.06%) 25 (43. 86%) 16 (47.06%) 47 (61 04%)

Y 8(4.26 %) 4 (7.02%) = 4 (5. 19°/)

Unknown 2 (1.06%) 1(1.75%) 1(2.94%)
BMI

Median [IQR] 26.29[23.67 29.77) 25.67[23.08 29.84] 27.14[23.79 30.01] 26.64[23.51 30.09]
Patient status, n (%)

Alive 170 (90.42%) 52(91.22%) 30(88.2%) 73 (94.81%)

Dead 18 (9.56%) 5 (8.78%) 4(11.8%) 4 (5.19%)
1-Year survival after diagnosis, n (%)

Alive 152 (80.85%) 44 (77.19%) 31(91.18%) 74 (97.37%)

Dead 6 (3.19%) 4(7.02%) 0(0%) 2(2.63%)

Not reached 30(15.96%) 9 (15.79%) 3(8.82%) 0(0%)
2-Year survival after diagnosis, n (%)

Alive 120 (63.83%) 31 (54.39%) 26 (76.47%) 60 (78.95%)

Dead 9(4.79%) 5(8.77%) 1(2.94%) 2(2.63%)

Not reached 59 (31.38%) 21 (36.84%) 7 (20.59%) 14 (18.42%)
Survival after PEA [months]

Median [IQR] Not applicable Not applicable Not applicable 36.20[16.07 53.23]
30-Day mortality, n (%) Not applicable Not applicable Not applicable

Alive 75 (97.40%)

Dead 2 (2.60%)
90-Day mortality, n (%) Not applicable Not applicable Not applicable

Alive 75 (97.40%)

Dead 2 (2.60%)
Hospitalization duration [days]

Median [IQR] Not applicable Not applicable Not applicable 13[1119]
ICU duration [days]

Median [IQR] Not applicable Not applicable Not applicable 4[37]
In-hospital mortality Not applicable Not applicable Not applicable 2 of 77 (2.60%)

One hundred thirty-one (69.68%) patients were technically operable, 77 (40.9%) underwent PEA in this period and 20 (10.6%) PEAs are still pending at the time
of December 2024. The age differences between the groups were significant between patients refusing PEA and undergoing PEA (P =0.03) and between patients
undergoing PEA and non-operable (P = 0.0018). The difference between genders was significant when comparing non-operable patients and patients undergo-
ing PEA (P=0.033). For the 1- and 2-year survival, ‘not reached’ refers to the event discussed not having been 1 or 2 years prior to this analysis. ICU: intensive

care unit; IQR: interquartile range; NYHA: New York Heart Association.
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Figure 1: Geographical map of Switzerland indicating cantons, from which patients with CTEPH were referred. Number of referrals for the corresponding canton

is indicated
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Figure 2: (A) Pie-chart illustrating the reasons why patients with CTEPH were classified as non-surgical candidates (proportions represented in percentages). (B) Pie-
chart showing different alternative types of treatments for patients with operable CTEPH who refused PEA (proportions represented in percentages)

57% of patients were male (n=107). Patients discussed at the
CTEPH Board were referred from all over Switzerland (Fig. 1). One
hundred thirty-one (70%) patients presented with operable dis-
ease, and 77 (40%) received PEA. Altogether, 85 (45%) were classi-
fied as no PEA candidates (Fig. 2). Yet, 53 (28%) patients were
truly inoperable and 4 (2%) were unknown. Of the 34 patients
who refused surgery, 88% (n=30) were still alive at the time of
analysis. Their median age when discussed at the Board was
74 years (IQR 59.75-77 years). In this subgroup, 38% had New
York Heart Association (NYHA) functional class Il and 47%

functional class Il (Fig. 3). Their subsequent treatments are shown
in Fig. 2. In the subgroup of 77 patients who underwent PEA, 73
(95%) were still alive at the time of analysis. Their median age at
presentation at the Board was 62 years (IQR 51-70years). In this
subgroup, 31% had NYHA functional class Il and 61% had func-
tional class Il (Fig. 3). Thirty- and 90-day mortality was
n=2(2.6%).

Using a multinomial logistic regression, we observed that
male patients (P=0.03), younger patients (P=0.025) and
patients with higher NYHA classification (P=0.015) were more
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Figure 3: Bar-chart showing NYHA classification for patients with CTEPH who
received PEA and who refused the surgery
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Figure 4: Kaplan-Meier survival curve and numbers at risk comparing survival
of PEA candidates who refused the operation, PEA candidates who underwent
PEA and patients who were non-operable after diagnosis. Using log-rank test,
the differences in OS between these subgroups (P=0.048) was significant.
Using Cox proportional hazards model, the difference between surgery con-
ducted and non-operable was significant (P=0.02), the difference between
surgery conducted and refused (P = 0.5) and between refused and non-opera-
ble (P=0.3) not significant. The timeline is presented in months, and survival
curves were truncated when less than 10% of the initial sample size remained
at risk

likely to undergo PEA. Figure 4 shows Kaplan-Meier survival
curves comparing the overall survival of operable patients who
underwent PEA with those who refused PEA and non-operable
patients. The differences in overall survival between these sub-
groups were statistically significant (P=0.048), in particular a
significant difference between non-operable and patients who
underwent PEA (P=0.02). The 1- and 2-year survival in the sub-
group undergoing PEA was 97% and 79%, respectively, and, in
the subgroup, refusing PEA, 91% and 76%, respectively (Table 1).
The median follow-up duration for the entire study cohort was

37.37 months (IQR 19.03-58.63). The follow-up rate was 100%
(simplified person-time method).

Multimodal treatment strategy in CTEPH patients is depicted
in Fig. 5. Eight (4%) patients received BPA post-PEA, 15 (8%)
patients received PH-targeted medication after PEA, 5 (2.6%) af-
ter BPA and 17 (9%) patients received PH-targeted medical ther-

apy only.

DISCUSSION

We analysed the demographic and clinical characteristics of 188
patients with a diagnosis of CTEPH discussed at the Swiss
National CTEPH Board since its inauguration. The majority (70%)
of patients presented with operable disease, of whom 41%
underwent PEA. The main reason for patients to be classified as
non-PEA candidates was patient refusal (n = 34, 18%). Compared
to historical data from the Swiss PH registry, we observe a sub-
stantial increase in PEAs performed since both the establishment
of the CTEPH Board in 2018 and the surgical CTEPH centre in
Switzerland in 2015. From 1998 to 2012, 14% and 2% of the
reported 249 CTEPH patients underwent PEA or lung transplan-
tation, respectively; 87% were treated with PH-targeted therapy.
These patients primarily needed to travel outside the country to
have access to curative surgery [16]. In Swiss CTEPH patients, the
proportion of patients undergoing PEA increased from 15% in
2001-2005 to 40% in 2016-2019. However, until 2019, only 25%
of patients in the Swiss registry have been surgically treated for
CTEPH [15]. Therefore, the resection rate increased from 14% to
41% (Fig. 6). An international CTEPH registry reported a resec-
tion rate of 58% [18]. In patients undergoing PEA, we observed
an in-hospital mortality, 30- and 90-day mortality of 2.6%. Our
data are comparable to survival outcomes of high-volume
centres, which report <5% in-hospital mortality [14], 4% 30-day
mortality [19], 3.9% 90-day mortality [20] and 12.3-1.9% 30-day
mortality over the course of 23 years’ experience [21].

Patients who were younger at board presentation seemed
more likely to undergo PEA. The differences in clinical character-
istics between PEA patients and those who were operable but
declined surgery suggest that older patients tend to be more
hesitant to undergo this complex procedure, whereas younger
patients may perceive that long-term benefits of surgery out-
weigh associated risks. Similar to our observations, in a world-
wide CTEPH registry, the median age for patients with CTEPH
was 63years (IQR 51.0-73.0) [18]. As we observed, in various
previous reviews, the patient cohorts that undergo PEA also tend
to be younger than the general CTEPH cohort [18-21].

Our cohort has a modestly higher prevalence of the male sex,
whereas some centres report female dominance in PEA patients
[19]. Interestingly, in the worldwide prospective CTEPH registry,
sex is evenly balanced, except for Japan (75% female) [18]. We
also report a difference between the sexes in the PEA subgroup,
where women appear to be less likely to receive PEA. This has
also been reported in previous studies, including a recently pub-
lished European CTEPH registry where fewer women chose to
undergo PEA [22-25].

Additionally, higher preoperative NYHA functional class in-
creased the likelihood of undergoing PEA. This suggests that
patients opting for PEA may already have more symptoms, a
higher disease burden and are more willing to undergo a com-
plex surgery to improve their quality of life. Hence, patients re-
fusing surgery had less symptoms and were therefore less

>
(U}
v9
(Y]
<9
-4
go
=Z
o
4




6 B. Battilana et al. / Interdisciplinary CardioVascular and Thoracic Surgery

|
PH-targeted medication
39
u PEA
77
Operable
131
Diagnosis
188
PEA Pending
Not Operable 20
57

No further PH-targeted treatment *
64

BPA
18

I Longterm PH-targeted medication
37

Figure 5: Sankey plot displaying the multimodal treatment of patients with CTEPH discussed at the Swiss national CTEPH Board. One hundred thirty-one (69.6%)
patients were operable, 57 (30.3%) patients were non-operable. Thirty-nine (20.74%) patients received PH-targeted medication prior to PEA. Seventy-seven (40.95%)
patients underwent PEA. Eighteen (9.57%) operable patients received BPA, including 8 (4.25%) that received a BPA post-PEA. Thirty-seven (19.68%) operable patients
received long-term PH-targeted medication. Fifteen (7.97%) patients received PH-targeted medication post-PEA, 5 (2.6%) post-BPA and 17 (9.04%) patients received
PH-targeted medication only. Sixty-four (34.04%) operable patients had no further PH-targeted specific treatment*, including 54 (28.72%) patients post-PEA, 3
(1.59%) patients post-BPA and 7 (3.6%) who did not receive either intervention. At the time of this analysis, 20 (10.63%) PEAs are pending
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Figure 6: Histogram portraying resection rates for each year since the estab-
lishment of the board. 2018 (57.1%), 2019 (48.3%), 2020 (48.2%), 2021 (56.3%),
2022 (30.3%) and 2023 (42.1%). The overall resection rate is 41%. We included
a line at the historic resection rate of 14%

motivated to undergo PEA. This is in line with published re-
search, which shows that while all patients present with func-
tional limitations, those who eventually underwent PEA tend to
have an even worse preoperative functional class than non-
operated patients [19, 20].

The current trend for multimodal treatment is conveyed in
this cohort; 21% of patients received PH-targeted medication
prior to PEA. After PEA, 4% of patients received a BPA. In total,
15 (8%) patients of the whole cohort received long-term PH-
medication after PEA, and 5 (2.6%) patients after BPA. Liberal
prescription practices, where we prescribe PH-targeted medica-
tion for pulmonary vascular resistance >8 WU and mean pul-
monary arterial pressure >25 mmHg, could explain the high
rates of multimodal treatment. We also report few patients after
PEA, which will proceed to BPA and/or PH-targeted medication
treatment, when indicated according to the European Society of
Cardiology (ESC)/European Respiratory Society (ERS) guidelines
[2]. Treatment with BPA is used for inoperable patients or

patients refusing surgery, as well as patients having residual PH
after PEA. The multimodality treatment seen in this cohort is in
alignment with ECS/ERS guidelines and with the worldwide pro-
spective CTEPH registry, where 58.7% of patients had PEA, 17.3%
had BPA and 14.7% had PH-targeted therapy only [2, 18]
Further, an overlap of PH-targeted medication with PEA and
BPA candidates was previously reported, with up to one-third of
patients receiving targeted PH medication in addition to PEA
[18, 19]. Therefore, our cohort portrays the reality of multimo-
dality in clinical practice and highlights the importance of a mul-
tidisciplinary teamwork for these complex patients with the
need for a tailored therapeutic approach.

The significantly higher rate of 1- and 2-year survival rates in
the subgroup of patients undergoing PEA compared to the sub-
group refusing PEA is coherent with international data, showing
a 92.4% 1-year survival in a UK specialist centre [21] and also
with the international registry reporting 1- and 2-year survivals
of 93% and 91% in operated patients, and only 88% and 79% in
non-operated patients [8]. This highlights an expected greater
postoperative risk in PEA patients but with excellent early and
long-term results, as it has also been described by de Perrot
et al. [19]. Additionally, the reported survival in this analysis
aligns with the trajectory of improvements in survival in the
Swiss PH registry, which reported an improvement in 3-year sur-
vival from 86% to 93% in the period from 2001 to 2019 [15].

The establishment of the CTEPH Board also aimed to raise
awareness of CTEPH. Other strategies to raise awareness were
newspaper articles, presentations at conferences, articles in na-
tional journals and television segments. The referral pattern, in-
cluding all parts of Switzerland, hints at an improved awareness
of general practitioners for CTEPH.

Limitations

The study is based on patients from a single country, limiting its
generalizability. This analysis does not focus on BPA as stand-
alone primary treatment. A detailed analysis of BPA would be in-
teresting for future research. Future studies are warranted to
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analyse the diagnostic delay of patients with CTEPH. Further
efforts need to be undertaken to better understand patient re-
fusal, to investigate measures to improve a timely diagnosis and
treatment allocation.

CONCLUSION

In summary, the study provides a comprehensive overview of
the demographics, functional status, regional distribution and
outcome of patients with CTEPH referred to the national inter-
disciplinary CTEPH Board in Switzerland. Increased awareness
has led to a substantial increase in surgical procedures per-
formed. The high proportion of patients in NYHA class Il and IlI
suggests that most patients are diagnosed when they are already
experiencing significant symptoms, emphasizing the ongoing
need for early detection and intervention. The sex-related differ-
ences observed highlight a further need for care in understand-
ing why more female patients refuse the curative treatment.
Favourable outcomes can be achieved in smaller volume centres
with globally comparable mortality and survival data for patients
with CTEPH discussed by a multidisciplinary team. The Swiss na-
tional CTEPH Board has played an important role in accurate
and timely diagnosis and significantly increasing access to cura-
tive surgery for Swiss CTEPH patients.

ACKNOWLEDGEMENTS

The authors thank Pia Manser and the Swiss Society of Pulmonary
Hypertension.

FUNDING

No funding has been received for the preparation of
this manuscript.

Conflict of interest: Isabelle Opitz: no real conflicts of interest.
The following could be perceived as such: Roche (Institutional
Grant), Roche Genentech (Steering Committee), AstraZeneca
(Advisory Board), MSD (Advisory Board), BMS (Advisory Board),
Medtronic (Institutional Grant and Advisory Board), Intuitive
(Proctorship and Speakers Fee), Sanofi (Speakers Fee),
Regeneron (Advisory Board), XVIVO (Institutional Grant) and
Siemens (Speakers Fee). Mona Lichtblau: No conflict of interest
in relation to this manuscript. The author reports travel grants,
speaker and advisory fees from MSD, Johnson & Johnson and
Orpha Swiss outside the submitted work. Thomas Frauenfelder:
Agfa (Advisory Board), Bracco (Speakers Fee), Bayer (Speakers
Fee). Andrei M. Darie: No conflict of interest in relation to this
manuscript. The author reports lecture honoraria from
AstraZeneca, GSK and Sanofi, travel support from OrPha Swiss,
MSD and Janssen, and advisory board participation with Gebro
Pharma, Janssen and MSD, outside submitted work. Bianca
Battilana, Kathrin Chiffi, Laura Meier, Sabine Franckenberg,
Gilbert Puippe, John-David Aubert, Benoit Lechartier, Sabina
Anna Guler, Jean-Frangois Deux, Jean-Marc Fellrath, Patrick
Yerly, Stephane Noble, Frédéric Lador and Silvia Ulrich: No con-
flict of interest in relation to this manuscript.

DATA AVAILABILITY

The data underlying this article will be shared on reasonable re-
quest to the corresponding author.

Author contributions

Bianca Battilana: Conceptualization; Data curation; Formal analysis; Funding
acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Writing—original draft; Writing—
review & editing. Kathrin Chiffi: Data curation; Formal analysis; Funding acqui-
sition; Investigation; Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Writing—review & editing. Mona
Lichtblau: Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision;
Validation; Visualization; Writing—review & editing. Laura Mayer: Data cura-
tion; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization;
Writing—review & editing. Thomas Frauenfelder: Data curation; Formal analy-
sis; Funding acquisition; Investigation; Methodology; Project administration;
Resources; Software; Supervision; Validation; Visualization; Writing—review &
editing. Sabine Franckenberg: Data curation; Formal analysis; Funding acquisi-
tion; Investigation; Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Writing—review & editing. Gilbert
Puippe: Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision;
Validation; Visualization; Writing—review & editing. John-David Aubert: Data
curation; Formal analysis; Funding acquisition; Investigation; Methodology;
Project administration; Resources; Software;  Supervision; Validation;
Visualization; Writing—review & editing. Benoit Lechartier: Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project ad-
ministration; Resources; Software; Supervision; Validation; Visualization;
Writing—review & editing. Andrei M. Darie: Data curation; Formal analysis;
Funding acquisition; Investigation; Methodology; Project administration;
Resources; Software; Supervision; Validation; Visualization; Writing—review &
editing. Sabina Anna Guler: Data curation; Formal analysis; Funding acquisi-
tion; Investigation; Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Writing—review & editing. Jean-Francois
Deux: Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision;
Validation; Visualization; Writing—review & editing. Jean-Marc Fellrath: Data
curation; Formal analysis; Funding acquisition; Investigation; Methodology;
Project administration; Resources; Software; Supervision; Validation;
Visualization; Writing—review & editing. Patrick Yerly: Data curation; Formal
analysis; Funding acquisition; Investigation; Methodology; Project administra-
tion; Resources; Software; Supervision; Validation; Visualization; Writing—review
& editing. Stephane Noble: Data curation; Formal analysis; Funding acquisi-
tion; Investigation; Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Writing—review & editing. Frédéric
Lador: Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision;
Validation; Visualization; Writing—review & editing. Silvia Ulrich: Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project ad-
ministration; Resources; Software; Supervision; Validation; Visualization;
Writing—review & editing. Isabelle Opitz: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project ad-
ministration; Resources; Software; Supervision; Validation; Visualization;
Writing—original draft; Writing—review & editing

Reviewer information

Interdisciplinary CardioVascular and Thoracic Surgery thanks Eric J Lehr,
Mohamed Rahouma and the other, anonymous reviewer(s) for their contri-
bution to the peer review process of this article.

REFERENCES

[1] Opitz I, Ulrich S. Chronic thromboembolic pulmonary hypertension.
Swiss Med Wkly 2018;148:w14702.

>
(U}
v9
(Y]
<9
-4
go
=Z
o
4




(2]

3]

(4]

5]

(6]

7]

(8]

9]

[a]

1]

2]

13l

4]

B. Battilana et al. / Interdisciplinary CardioVascular and Thoracic Surgery

Humbert M, Kovacs G, Hoeper MM et al.; ESC/ERS Scientific Document
Group. 2022 ESC/ERS guidelines for the diagnosis and treatment of pul-
monary hypertension. Eur Heart ] 2022;43:3618-731.

Gall H, Hoeper MM, Richter MJ, Cacheris W, Hinzmann B, Mayer E. An
epidemiological analysis of the burden of chronic thromboembolic pul-
monary hypertension in the USA, Europe and Japan. Eur Respir Rev
2017;26:160121.

Klok FA, Barco S, Konstantinides SV et al. Determinants of diagnostic
delay in chronic thromboembolic pulmonary hypertension: results from
the European CTEPH Registry. Eur Respir ] 2018;52:P2612.

Delcroix M, Vonk Noordegraaf A, Fadel E, Lang |, Simonneau G, Naeije
R. Vascular and right ventricular remodelling in chronic thromboem-
bolic pulmonary hypertension. Eur Respir J 2013;41:224-32.

Lang IM, Pesavento R, Bonderman D, Yuan JX. Risk factors and basic
mechanisms of chronic thromboembolic pulmonary hypertension: a
current understanding. Eur Respir J 2013;41:462-8.

Pepke-Zaba J, Hoeper MM, Humbert M. Chronic thromboembolic pul-
monary hypertension: advances from bench to patient management.
Eur Respir J 2013;41:8-9.

Delcroix M, Lang |, Pepke-Zaba | et al. Long-term outcome of patients
with chronic thromboembolic pulmonary hypertension: results from an
International Prospective Registry. Circulation 2016;133:859-71.
Pepke-Zaba J, Delcroix M, Lang | et al. Chronic thromboembolic pulmo-
nary hypertension (CTEPH): results from an International Prospective
Registry. Circulation 2011;124:1973-81.

Lewczuk J, Piszko P, Jagas ] et al. Prognostic factors in medically treated
patients with chronic pulmonary embolism. Chest 2001;119:818-23.
Riedel M, Stanek V, Widimsky J, Prerovsky I. Longterm follow-up of
patients with pulmonary thromboembolism. Late prognosis and evolu-
tion of hemodynamic and respiratory data. Chest 1982;81:151-8.
Matusov Y, Singh I, Yu Y-R et al. Chronic thromboembolic pulmonary
hypertension: the bedside. Curr Cardiol Rep 2021;23:147.
Pepke-Zaba J, Jansa P, Kim NH, Naeije R, Simonneau G. Chronic throm-
boembolic pulmonary hypertension: role of medical therapy. Eur Respir
J 2013;41:985-90.

Mayer E, Jenkins D, Lindner ] et al. Surgical management and outcome
of patients with chronic thromboembolic pulmonary hypertension:

[15]

[16]

(17]

(18]

[19]

[20]

(21]

(22]

(23]

(24]

[25]

results from an international prospective registry. ] Thorac Cardiovasc
Surg 2011;141:702-10.

Appenzeller P, Lichtblau M, Berlier C et al. Disease characteristics and
clinical outcome over two decades from the Swiss Pulmonary
Hypertension Registry. Pulm Circ 2022;12:€12001.

Mueller-Mottet S, Stricker H, Domenighetti G et al. Long-term data
from the Swiss Pulmonary Hypertension Registry. Respiration 2015;
89:127-40.

Xue X, Agalliu I, Kim MY et al. New methods for estimating follow-up
rates in cohort studies. BMC Med Res Methodol 2017;17:155.

Guth S, D'Armini AM, Delcroix M et al. Current strategies for managing
chronic thromboembolic pulmonary hypertension: results of the world-
wide prospective CTEPH Registry. ER] Open Res 2021;7:00850-2020.

de Perrot M, McRae K, Donahoe L et al; Canadian CTEPH Working
Group. Pulmonary endarterectomy in severe chronic thromboembolic
pulmonary hypertension: the Toronto experience. Ann Cardiothorac
Surg 2022;11:133-42.

Mercier O, Dubost C, Delaporte A et al. Pulmonary thromboendarterec-
tomy: the Marie Lannelongue Hospital experience. Ann Cardiothorac
Surg 2022;11:143-50.

Jenkins DP, Tsui SS, Taghavi J, Kaul P, Ali J, Ng C. Pulmonary
thromboendarterectomy-the  Royal Papworth  experience.  Ann
Cardiothorac Surg 2022;11:128-32.

Jansa P, Ambroz D, Kuhn M et al. Epidemiology of chronic thromboem-
bolic pulmonary hypertension (CTEPH) in the Czech Republic. Pulm
Circ 2022;12:¢12038.

Barco S, Klok FA, Konstantinides SV et al. Sex-specific differences in
chronic thromboembolic pulmonary hypertension. Results from the
European CTEPH registry. ] Thromb Haemost 2020;18:151-61.

Opitz I. No "great divide" in patients with chronic thromboembolic pul-
monary hypertension undergoing pulmonary endarterectomy? Eur )
Cardiothorac Surg 2022;62:ezac447.

Su AY, Vinogradsky A, Wang AS et al. Impact of sex, race and socioeco-
nomic status on survival after pulmonary thromboendarterectomy for
chronic thromboembolic pulmonary hypertension. Eur ] Cardiothorac
Surg 2022;62:ezac364.

© The Author(s) 2025. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article

page on our site—for further information please contact journals.permissions@oup.com.

Interdisciplinary CardioVascular and Thoracic Surgery, 2025, 40, 1-8
https://doi.org/10.1093/icvts/ivaf040
Original article



	Active Content List
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	FUNDING
	DATA AVAILABILITY
	Author contributions
	Reviewer information
	REFERENCES


