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ABSTRACT

INTRODUCTION  Pulmonary arterial hypertension (PAH) and chronic thromboembolic pulmonary hyperten-
sion (CTEPH) lead to progressive right heart failure. The mortality rates in PAH and CTEPH patients due
to COVID-19 are high, and vaccination against COVID-19 is recommended in this group.

0BJECTIVES We analyzed the incidence and outcomes of COVID-19 in the PAH/CTEPH patients for 2
years of the pandemic, as well as the predictors of worse outcomes of COVID-19 in this group.
PATIENTS AND METHODS PAH/CTEPH patient data for this observational, cohort study were obtained
from 3 pulmonary hypertension centers between March 11, 2020 and March 11, 2022.

RESULTS A total of 364 consecutive patients with PAH/CTEPH (248/122; 232 women [64%]; median
[interquartile range] age, 61 years [18-92]) were included in the study. All the patients had advanced
pulmonary hypertension at baseline. Eighty-five patients (23%) suffered from COVID-19. Seven of them
(8%), all of whom were unvaccinated, died of COVID-19. The unvaccinated patients suffered from COVID-19
more often than the vaccinated ones (46% vs 9%; P <0.001). As many as 31% of the PAH/CTEPH patients
with COVID-19 needed hospitalization, in 8% of cases in the intensive care unit. Age equal to or above
65 years and severe pulmonary hypertension defined as a World Health Organization functional class 3
or 4 were associated with severe COVID-19 in the PAH/CTEPH patients.

concLusions  The vaccinated PAH/CTEPH patients suffered from COVID-19 less frequently than the un-
vaccinated ones. The mortality rate and hospitalization due to COVID-19 were higher in the PAH/CTEPH
patients than in the general population. All efforts should be made to convince the PAH/CTEPH patients
to vaccinate against COVID-19.

INTRODUCTION The first case of COVID-19,
which is caused by SARS-CoV-2, was recorded
on November 17, 2019 in Wuhan, central Chi-
na, while the first case in Poland was recorded

on March 4, 2020." COVID-19 was recognized
as a pandemic by the World Health Organization
(WHO) on March 11, 2020.% Individuals with dif-
ferent underlying medical conditions, including
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for vaccination. Younger adults were gradually in-
corporated, and from May 10, 2021 all adults in
Poland were eligible for COVID-19 vaccination.'*'®

The aim of this study was to analyze the inci-
dence and outcomes of COVID-19 in PAH/CTEPH
patients during 2 years of the pandemic. The anal-
yses were based on the vaccination status and
the impact of different predictors of severity on
COVID-19 outcomes.

WHAT'S NEW?

This observational, multicenter, cohort study was designed to follow the inci-
dence and course of COVID-19 in patients with pulmonary arterial hypertension
(PAH) and chronic thromboembolic pulmonary hypertension (CTEPH) during 2
years of the COVID-19 pandemic. Only a few studies have examined the out-
comes of COVID-19 in the PAH/CTEPH patients, and none analyzed the impact
of vaccination on COVID-19 course. There is scarce evidence on the course of
COVID-19 in seriously ill PAH/CTEPH patients. We identified predictors of hospi-
talization and mortality due to COVID-19. Severe PAH (defined as World Health
Organization functional class 3 or 4), advanced age, and comorbidities were
factors contributing to a more severe course of COVID-19 in the PAH/CTEPH
patients. To our knowledge, this is the first study on the course of COVID-19
in the PAH/CTEPH patients that examines the impact of COVID-19 vaccina-
tion on their morbidity and mortality. The results justify great efforts made to
convince the PAH/CTEPH patients to vaccinate against COVID-19.

PATIENTS AND METHODS This observational,
multicenter, cohort study was performed in 3 PH
centers in Poland between March 11, 2020 (when
the pandemic began) and March 11, 2022 (when
the pandemic was considered to have ended). Dur-
ing this period, the PAH/CTEPH patients were ad-
mitted to the hospitals when the need arose, vis-

chronic lung diseases, coronary heart disease, can-
cer, and cerebrovascular disease, have a higher risk
of developing severe COVID-19.® Pulmonary hy-
pertension (PH) is a severe disease characterized
by an increase of the pressure in the pulmonary
artery. Pulmonary arterial hypertension (PAH),
which belongs to group 1 as per the clinical classi-
fication of PH by the WHO, is a rare disease char-
acterized by progressive changes, which narrow
the pulmonary arterial wall, and precapillary pul-
monary hypertension, which leads to elevation of
the pulmonary arterial pressure, pulmonary vas-
cular resistance, and normal postcapillary wedge
pressure.”’ Chronic thromboembolic pulmonary
hypertension (CTEPH), belonging to group 4 as
per the clinical classification of PH according to
the WHO, is a rare severe disease characterized
by precapillary pulmonary hypertension caused
by chronic occlusion with thromboembolic ma-
terial located in the pulmonary arteries or their
branches.” Both groups of PH need specific treat-
ment and frequent contact with medical staff. If
left untreated, they may result in progressive right
heart failure, overload, and poor outcome.* 68
During the first months of the COVID-19
pandemic, there were reports from the United
States and Europe of much higher mortality due
to COVID-19 in patients with PAH and CTEPH
than in the general population.®'® Only 1 study
examined the impact of PH severity on COVID-19
outcomes before vaccination.'" A high mortali-
ty rate may be the consequence of a more severe
course of COVID-19 in seriously ill PH patients,
although limited diagnostic testing and control
visits during the pandemic might have delayed PH
diagnosis and early detection of the disease pro-
gression. Vaccination is strongly recommended by
the WHO to prevent COVID-19."? Some experts
suggested prioritization of COVID-19 vaccination
in the PAH/CTEPH patients with advanced dis-
ease or undergoing lung transplant evaluation.'
The COVID-19 vaccination program in Poland
started on December 27, 2020." In the beginning,
only individuals aged over 80 years were eligible
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ited the outpatient clinics, or attended telecon-
sultations. The “starting point” of the observa-
tion for all PAH/CTEPH patients was March 11,
2020, when the pandemic began in Poland. Each
patient was regularly followed-up by the centers.
The PH patients were in personal contact with
the treatment center every 2 to 3 months before
and during the pandemic, so if they did not die,
they paid 6 to 8 visits to the center until March 11,
2022. Only for the first 3 months of the pandem-
ic, the patients preferred telephone contact with
the doctors. Later on, they paid personal visits to
the centers or were hospitalized.

None of our 3 centers was dedicated to
the treatment of COVID-19 patients, so even if
we diagnosed COVID-19 in a PAH/CTEPH pa-
tient, they were transferred to another dedicat-
ed hospital or referred for outpatient treatment
at home. If a patient suffered from COVID-19
and was hospitalized, we analyzed their hospital
discharge card. If they were treated on an outpa-
tient basis, we used the medical records that they
provided to us at the next PH visit and/ or per-
sonal information from the patient. We received
data on the patients who died from their family
members or when contacting the family in order
to confirm the date of the next PH follow-up visit.

The patients were included in the study, if they
had PAH/CTEPH according to the current guide-
lines,” were aged at least 18 years, and were con-
firmed to have acute SARS-CoV-2 infection by a
polymerase chain reaction test.

The study was of observational nature. All
data regarding the medical history, clinical con-
dition, present treatment, and comorbidities
were obtained from the patients’ medical re-
cords and history of COVID-19. All information
about the number of doses, timing of vaccina-
tion against COVID-19, and the relationship be-
tween the vaccination and SARS-CoV-2 infection
was obtained from the patients, from the Euro-
pean Union Digital COVID Certificates, or from
the gabinet.gov.pl application created by the Pol-
ish Ministry of Health. A patient was considered
fully vaccinated 2 weeks after administration of
the final dose in the primary vaccination series (at
least 2 weeks after a single dose of the Johnson &
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FIGURE 1

Flowchart showing the number of patients with pulmonary arterial hypertension (PAH) or chronic

thromboembolic pulmonary hypertension (CTEPH) included in the study

Johnson vaccine or at least 2 weeks after the sec-
ond dose of any other vaccine). The study de-
sign was approved by the Bioethics Committee
of the Center of Postgraduate Medical Education,
Otwock, Poland (KBE 23/2022) in accordance
with the Declaration of Helsinki. Due to the ret-
rospective character of the study, no written con-
sent was obtained from the patients.

Statistical analysis  Distribution of the quantita-
tive data was verified by the Shapiro-Wilk test in
the entire sample, and then in the PAH/CTEPH
patients with and without COVID-19. In none of
the cases the data followed normal distribution,
so they were presented as medians with inter-
quartile ranges (IQRs). Distribution of the qual-
itative variables was presented as percentages in
the entire group and in the subgroups. Distribu-
tion of the quantitative data was compared with
the Mann-Whitney test. The ¥ test was used to
compare the frequencies of the qualitative trait
categories. Logistic regression with dummy vari-
ables was used to identify predictors of hospital-
ization and mortality in the PAH/CTEPH patients
with COVID-19. The selected variables significant
in univariable analysis were included in the mul-
tivariable analysis. Odds ratios with 95% Cls were
calculated. All data analyses were performed with
Stata Statistical Software, version 13.3 (TIBCO
Software Inc., license acquired from a local dis-
tributor StatSoft, Krakéw, Poland). The signifi-
cance level was set at a P value below 0.05.

RESULTS Between March 11, 2020 and March
11, 2022, 378 PAH/CTEPH patients were con-
sidered for inclusion in the study. Twelve PAH/
CTEPH patients were excluded, as they had had
COVID-19 before the diagnosis of PH. Next 2
patients were excluded due to the loss of their
follow-up data; they died, but the reason of death
was unknown. Finally, 364 patients were included
in further analysis (FIGURE 1). The study was per-
formed in 3 PH centers in Poland; 300 patients
(82%) were treated in the European Health Cen-
ter in Otwock, 55 (15%) in the National Institute

of Cardiology in Warsaw, and 9 (3%) in the Mil-
itary Institute of Medicine in Warsaw. The me-
dian length of the follow-up was 730 days (IQR,
601-730 days).

A total of 364 patients with PH group 1 and
4 (232 women, median age of 61 years [42-73])
were included in the study. Of those, 242 patients
(66%) were diagnosed with PAH and 122 (34%)
with CTEPH. All the patients had advanced PH
at baseline. Eighty-five patients (23%) suffered
from COVID-19, 19 (22%) of whom were vacci-
nated. The baseline characteristics of the entire
study group and of the patients who did and did
not suffer from COVID-19 are shown in TABLE 1.

The unvaccinated patients more often suf-
fered from COVID-19 than the vaccinated ones
(n=66/143 [46%] vs n =19/221 [9%]; P <0.001).
Vaccination was a factor that lowered the risk of
COVID-19 in the patients with PAH and CTEPH
in the univariable and multivariable logistic re-
gression models. Risk factors for COVID-19 in
the PAH/CTEPH patients are presented in TABLE 2.

Eighty-five PAH/CTEPH patients (23%) suf-
fered from COVID-19 during 2 years of the pan-
demic. Thirty-two of these patients (38%) had
been ill before the vaccination program started, 53
(62%) when immunization was available, and 22
(26%) when the Omicron variant of SARS-CoV-2
appeared. In the period before the vaccination
program implementation, 41% of the patients
who contracted COVID-19 needed hospitalization,
while 22% needed intensive care. All the patients
in the intensive care died, whereas the mortali-
ty rate among the hospitalized individuals was
54%. After the commencement of the COVID-19
immunization program, 24.5% of the patients
needed hospitalization, no patient was referred
to the intensive care unit (ICU), and no patient
died due to SARS-CoV-2 infection. Two patients
contracted COVID-19 twice. The first time, both
were unvaccinated and needed hospitalization due
to pneumonia. They were both vaccinated the sec-
ond time; the effects of the disease were then
milder, and the patients were treated at home.
Since they were unvaccinated the first time, both
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TABLE 1 Baseline characteristics of patients with pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension included in
the study

Parameter Entire study group  Patients with Patients without P value (with
(n = 364) COVID-19 COVID-19 vs without
(n = 85) (n = 279) COVID-19)
Age, y, median (IQR) 61 (42-73) 57 (40-70) 62 (43-74) 0.09:
Female sex 232 (64) 57 (67) 175 (63) 0.46
Duration of PAH/CTEPH, y, median (IQR) 5.2(2.2-11.2) 6(2.2-14.2) 5.2 (2.2-10.2) 0.08:
Vaccinated against COVID-19 221 (61) 19 (22) 202 (73) <0.001
WHO FC Median, IQR 3(2-3) 3(2-3) 3(2-3) 0.23:
| 25(7) 3(3.5) 22 (8) -
Il 154 (42) 37(43.5) 117 (42)
1l 160 (44) 35(41) 125 (45)
[\ 25(7) 10 (12) 15 (5)
PAH Any type 242 (66) 63 (74) 179 (64) 0.08
Idiopathic or heritable PAH 119 (49) 27 (43) 92 (51) -
PAH associated with CHD 72 (30) 23 (37) 49 (27)
PAH associated with CTD 42 (17) 12 (19) 30(17)
Portopulmonary PAH 7(3) 1(2) 6 (3)
Drug-induced PAH 1(0.5) 0 1(0.5)
PAH associated with HIV 1(0.5) 0 1(0.5)
PAH monotherapy Any drug 76 (31) 18 (29) 58 (32) 0.66
PDE5-I 36 (15) 9(14) 27 (15) -
ERA 39(16) 9(14) 30(17)
Prostacyclin analogue 1(0.4) 0 1(0.5)
PAH double-combination Any combination 100 (41) 27 (43) 73 (41) 0.25
therapy PDE5-l + ERA 78 (32) 24 (38) 54 (30) -
PDE5-I + prostacyclin analogue 22 (9) 3(5) 19(11)
PAH triple-combination therapy® 66 (27) 18 (29) 48 (27) 0.65
CTEPH Any type 122 (33.5) 22 (26) 100 (36) 0.08
CTEPH-PEA 13 (11) 3(14) 10 (10) -
CTEPH-BPA 74 (61) 16 (73) 58 (58)
CTEPH-PEA and BPA 12 (10) 1(5) 11(11)
CTEPH monotherapy® 85 (70) 17 (77) 68 (68) -
CTEPH double-combination therapy? 2(2) 0 2(2) -
Anticoagulation 172 (47) 36 (42) 136 (49) 0.3
Comorbidities Any comorbidity 229 (63) 45 (53) 184 (66) 0.02
Arterial hypertension 164 (45) 33(39) 131 (47) 0.18
Diabetes 57 (16) 9(11) 48 (17) 0.14
COPD 42 (11.5) 4 (5) 38(14) 0.02
Coronary artery disease 57 (16) 11(13) 46 (16.5) 0.43
Neoplasm 48 (13) 8(9) 40 (14) 0.24
Obesity 94 (26) 21 (25) 73 (26) 0.78
Depression 45 (12) 14 (16.5) 31(11) 0.18

Data are shown as number (percentage) of patients unless indicated otherwise.
Differences were considered significant at P <0.05.

a Compared with the Mann—Whitney test

b PDE5-l + ERA + prostacyclin analogue

¢ Riociguat or sildenafil

d Riociguat/sildenafil and treprostinil

Abbreviations: BPA, balloon pulmonary angioplasty; COPD, chronic obstructive pulmonary disease; CTEPH, chronic thromboembolic pulmonary
hypertension; ERA, endothelin receptor antagonist; IPAH, idiopathic pulmonary arterial hypertension; PAH, pulmonary arterial hypertension; PAH-CHD,
pulmonary arterial hypertension related to congenital heart disease; PAH-CTD, pulmonary arterial hypertension associated with connective tissue
disease; PDE5-I, phosphodiesterase type 5 inhibitor; PEA, pulmonary endarterectomy; portopulmonary PAH, pulmonary arterial hypertension
associated with portal hypertension; WHO FC, World Health Organization functional class
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TABLE 2 Risk factors for contracting COVID-19 in the patients with pulmonary arterial
hypertension and chronic thromboembolic pulmonary hypertension (n = 364) in
the univariable and multivariable logistic regression analyses

Parameter Univariable model Multivariable model

OR (95% ClI) P value OR (95% ClI) P value
Age >65y 0.8 (0.4-1.2) 0.35 - -
Female sex 1.2 (0.7-2) 0.46 - -
Group of PH, PAH 1.6 (0.9-2.7) 0.09 - -
WHO FC 3 or 4 1.1(0.7-1.8) 0.65 - -
Comorbidities® 0.6 (0.4-0.9) 0.03 0.5 (0.2-0.8) 0.009
Vaccination 0.1 (0.06-0.1) <0.001 0.1(0.05-0.1)  <0.001
Anticoagulation 0.8 (0.4-1.2) 0.3 - -
Combination PAH 1.4 (0.7-3) 0.37 - -
therapy

Differences were considered significant at P <0.05.

a Arterial hypertension, diabetes, chronic obstructive pulmonary disease, coronary
artery disease, neoplasm, obesity, and depression

Abbreviations: OR, odds ratio; PH, pulmonary hypertension; others, see TABLE 1

were assigned to the unvaccinated group. Time
to COVID-19 infection in the vaccinated and un-
vaccinated PAH/CTEPH patients during 2 years
of the pandemic is presented in FIGURE 2.

By March 11, 2022, 281 (85%) out of the 332
surviving PAH/CTEPH patients had been ful-
ly vaccinated against COVID-19. The main rea-
son for refusing to get vaccinated was awareness
of the side effects of the vaccines. In the unvac-
cinated subgroup, 33% of the patients need-
ed hospitalization, while 11% needed intensive
care; all patients in the ICU eventually died. No
one in the vaccinated PAH/CTEPH group died

Time to COVID-19 infection in the entire study group and unvaccinated and vaccinated patients with pulmonary arterial hypertension or

of COVID-19; 21% of the patients needed hos-
pitalization but no one was referred to the ICU.
COVID-19 course in the entire group, as well as
the vaccinated and unvaccinated subgroups, is
presented in TABLE 3.

A severe course of COVID-19 that necessitat-
ed hospitalization was observed in 26 patients
(31%). Seven COVID-19 patients (8%) died, all
of them in the first year of the pandemic, be-
fore the vaccination program. Six patients died
in the hospital, and 1 a few weeks after discharge
from the hospital due to COVID-19 complica-
tions. The hospital mortality rate was 23%. All
the patients who died of COVID-19 were elderly,
aged from 66 to 90 years, with the WHO func-
tional class 3 or 4, and unvaccinated. About 85%
of these patients suffered from comorbidities.
Three of them had idiopathic PAH, 3 had PAH due
to connective tissue disease, and 1 had CTEPH.
FIGURE 3 shows the clinical course of COVID-19 in
the PAH/CTEPH patients.

Advanced age and severe PH were associated
with a more severe course of COVID-19 in the lo-
gistic regression model. No protective effect of an-
ticoagulation or PH type on the course of the dis-
ease was observed. Univariable and multivariable
analyses of the variables associated with a more
severe course of COVID-19 in the PAH/CTEPH
patients are presented in TABLE 4.

DISCUSSION This multicenter observation-
al study followed the incidence and outcomes
of COVID-19 among the PAH/CTEPH patients
during 2 years of the pandemic. The univariable
and multivariable analysis showed that the vac-
cinated patients were well protected against
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FIGURE 3 Clinical course of COVID-19 in patients with pulmonary arterial hypertension or chronic thromboembolic pulmonary hypertension during 2
years of the pandemic

TABLE 3 COVID-19 course in the vaccinated and unvaccinated patients with
pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension

Parameter

Total

CovID-19
(n = 85)

Vaccinated P value
COVID-19

(n=19)

Unvaccinated
COVID-19
(n = 66)

(unvaccinated
vs vaccinated)

population.'®'%17 Experts suggest prioritization
of vaccination for the patients with heart fail-
ure, including PAH and CTEPH, especially those
in the New York Heart Association (NYHA) func-
tional class 3 or 4, advanced in age, and with co-
morbidities."*'®'7 Our results confirm the valid-

38?;'%_(’#; 0 748) T 0 0.14 ity of these recommendations. The PAH/CTEPH
Hospitalization due 26 (31) 22(33) 4(21) 03 patients in the functional class 3 or 4 who were
to COVID-19 advanced in age (2 65 years) and had comorbid-
Cusdmisson 781 700 0 014 COVID 1 outeames, with a higher sk of hos
No ICU 19 (22) 15 (23) 4(21) 0.87 pitalization or death.’ 8
Home treatment 59 (69) 44 (67) 15(79) 03 Unexpectedly, the multivariate analysis showed
due to COVID-19 that not only vaccination but also the presence
Additional oxygen® 27 (32) 23 (35) 4(21) 0.25 of comorbidities reduced the risk of COVID-19 in
Pneumonia dueto 25 (29) 21(32) 4(21) 0.36 the study group. At first, we hypothesized that
Ccovip-19 the patients with comorbidities were most likely
Aggravation of 17 (20) 13 (20) 4(21) 0.89 to be vaccinated against COVID-19, because they
right HF due to were aware of the severe course of the disease due
CoviD-19 to comorbidities, but the subanalysis did not con-
Persistent 18(21) 17 (26) 1(5) 0.055 firm this hypothesis. There were no differences
gggrease of WHO in the vaccination rates in the PAH/CTEPH pa-
: tients with and without comorbidities. Currently,
E?EggHetlrgathﬁr\nl-(la/nt 8(3) 8(12) 0 0.11 there remains only 1 logical theoretical explana-

Data are shown as number (percentage) of patients.

a New oxygen or increase of the dosage of used oxygen

b More than 3 months after COVID-19 infection

Abbreviations: HF, heart failure; ICU, intensive care unit; others, see TABLE 1

COVID-19. A total of 85 PAH/CTEPH patients
(23%) contracted COVID-19 during the study pe-
riod. Of those, 32 individuals (38%) had contract-
ed COVID-19 before the vaccination program,
and 53 (62%) became ill when the immunization
was available. Vaccination against COVID-19 in
PAH/CTEPH patients is recommended based on
expert opinion and observations from the general

POLISH ARCHIVES OF INTERNAL MEDICINE  2023; 133 (5)

tion, which has been confirmed by clinical prac-
tice. The PAH/CTEPH patients with comorbidi-
ties have been educated on their condition and
are aware of the related risks, and they strictly
respect social distancing, sanitary regime, isola-
tion, and all other relevant instructions. A comor-
bid condition, chronic obstructive pulmonary dis-
ease (COPD), has been found to be associated with
a reduced risk of COVID-19 in the PAH/CTEPH
patients in the multivariate logistic regression
analyses. This is probably because the patients
with complex medical problems tended to adhere
to the principles of lockdown, isolation, and social
distancing more strictly. It may also justify a re-
duction in hospitalized COPD exacerbations dur-
ing COVID-19 in the general population.'® During



TABLE 4 Risk factors for hospitalization or death in the COVID-19 patients with
pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension
(n = 85) in the univariable and multivariable logistic regression analyses

Parameter Univariable model Multivariable model
OR (95% ClI) P value OR (95% Cl) P value

Age >65y 7.2(2.6-20.1)  <0.001 3.5(1.1-11) 0.03

Female sex 0.7 (0.3-1.8) 0.47 - -

PAH 0.5(0.2-1.5) 0.22 - -

WHO FC 3 or 4 2.9 (2-18.4) 0.001 3.8(1.1-12.9) 0.02

PAH combination therapy

0.7(1.2-3.2) 0.71 - -

Vaccination

0.5 (0.2-1.8) 0.31 - -

Anticoagulation

0.9 (0.3-2.5) 0.99 - -

Comorbidities

Any comorbidity 6.1 (2-16) 0.001 3.2(0.9-11.2) 0.06
Arterial hypertension 5.1(1.8-13.6)  0.001 - -
Diabetes 2(0.4-8) 0.34 - -
COoPD 2.4(0.3-17.8) 0.0 - -

Coronary artery disease

5(1.3-19.2) 0.01 - -

Neoplasm 2.5(0.6-10.9) 0.24 - -
Depression 1.8 (0.6-6.2) 0.18 - -
Obesity 2.7 (1-17.6) 0.055 - -
Vaccination 0.5(0.2-1.8) 0.31 - -

Anticoagulation

0.9 (0.3-2.5) 0.99 - -

Differences were considered significant at P <0.05.

Abbreviations: see TABLES 1 and 2

the restrictive lockdown, no cases of COVID-19
were reported in the patients with PAH/CTEPH.

In this study, 12% of the PAH/CTEPH patients
suffered from COVID-19 during the first year,
and 11% during the second year of the pandem-
ic. This percentage is extremely high, as compared
with other PAH/CTEPH surveys and the gener-
al population.’ In a survey by Lee et al,’ the in-
cidence of COVID-19 in the PAH and CTEPH pa-
tients in the United States was estimated at 2.9
cases per 1000 patients, which was similar to that
in the general population.'® Farmakis et al?° re-
ported a 3.6% incidence of COVID-19 in the pa-
tients with PH group 1 and 4 in Greece, which
was a little less than in the general population.
Montani et al'' reported that 2.9% of PH patients
with precapillary hypertension in France were
diagnosed with COVID-19, a figure higher than
the incidence in the general population. While we
observed our PAH/CTEPH patients for 2 years of
the pandemic, other authors collected data only
in the early months of the pandemic, or before
the vaccines rolled out.

The main reason for high incidence of
COVID-19 in our study might be low vaccina-
tion rate in both the PAH/CTEPH patients and
the general population of Poland. The Food and
Drug Administration first granted emergency use
authorization for the Pfizer-BioNTech vaccine
on December 10, 2020, and mass vaccinations in
the United States began 4 days later. In Poland,
first set of people to receive the vaccination were

medical professionals, on December 27, 2020, af-
ter which the vaccination for elderly people grad-
ually began. From May 10, 2021 all Polish adult
inhabitants were eligible for vaccination.'*'® By
the end of our observation, on March 11, 2022,
only 58.7% of the population of Poland had re-
ceived 2 doses of the vaccine, and the popula-
tion immunity had not been achieved.?' Around
the same time in Greece the corresponding fig-
ure was 70.6%, while in the USA and France it
reached 66.1% and 79.7%, respectively. In Po-
land, there was no vaccination prioritization for
the PAH/CTEPH patients, even if they were se-
riously ill, except for the patients waiting for
a lung transplant. At the end of our study, 85%
of the PAH/CTEPH patients had been vaccinat-
ed, but in mid-June 2021 the figure was only
43%.2% Some of the previously unvaccinated pa-
tients changed their minds after they contract-
ed COVID-19, and some as a result of informa-
tive campaigns organized at the study centers. In
our previous paper, we tried to identify clinical
and demographic factors that might have impact-
ed the vaccination decisions of the PAH/CTEPH
patients. Only age equal to or above 60 years in-
creased willingness to vaccinate against COVID-19
in these individuals.?? The vaccines are less effec-
tive against the Omicron variant of SARS-CoV-2.2
We did not examine the SARS-CoV-2 variant that
infected the patients in our study group, but 22
PAH/CTEPH patients (26%) were diagnosed with
COVID-19 when the Omicron variant was report-
ed in Poland. When we focused on morbidity due
to COVID-19 among the PAH/CTEPH patients, we
noted 2 waves of COVID-19. The first one occurred
before the vaccination program, and the second
coincided with the time the Omicron variant ap-
peared, and most of the patients needed an addi-
tional booster dose. In our study, data about pre-
ventive behaviors, such as using masks and phys-
ical distancing, that could have influenced the re-
sults, were not collected.

The mortality rate due to COVID-19 in
the PAH/CTEPH patients was 8% during 2 years
of the pandemic, 16.2% in the first year, and 0%
in the second year. The 2-year figure is much high-
er than the one in the general population of Po-
land, which was around 2%."° It was similar to
the mortality rate in a cohort of PAH/CTEPH pa-
tients in Spain (8%), but lower than in previous
reports on PAH/CTEPH patients in the United
States (12%), Europe (19%), France (24.6%), and
Greece (22%).°""2" The hospitalization rate due to
COVID-19 in our group was 31%, which was simi-
lar to the rate described in the United States sur-
vey (30%), but lower than the rates reported in
the surveys on the European (63%), French (60%),
Greek (44%), and Spanish (70%) patients.®-"-20.24
Several factors might have impacted our results.
We analyzed data from 2 years of the pandemic,
from before and during the vaccination program,
and when the Omicron SARS-CoV-2 variant ap-
peared. The Omicron variant is highly transmis-
sible but has significantly lower infection fatality
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rates than previous variants of SARS-CoV-2.23
The first case of the Omicron variant in Poland
was confirmed on December 16, 2021. None of
our PAH/CTEPH patients who were infected with
SARS-CoV-2 died after this date due to COVID-19.
Other studies on the incidence and outcomes of
COVID-19 in PAH/CTEPH patients focused only
on the first months of the pandemic before the
vaccination programs. Some authors underlined
that continuous expert care is crucial for good PH
control and that noncompliance with or delay in
elective hospital procedures might be harmful for
PH patients and worsen their prognosis. From
the beginning of the pandemic, the patients in
our centers could choose between a personal vis-
it to the referral center and teleconsultation. In
the first 3 months of the pandemic, 54% of the pa-
tients preferred telephone contact, but after this
period direct visits to centers were preferred. For
2 years of the pandemic, total mortality from all
causes in the study group was 12%. This implies
that 10% of the patients died from causes oth-
er than COVID-19, 5% each year. This mortality
rate did not differ significantly from that among
the PAH/CTEPH patients before the pandemic.

Risk factors for a severe course of COVID-19
were identified. A general risk factor of advanced
age identified the PAH/CTEPH patients with
a higher risk of hospitalization or death. Ad-
vanced age and presence of comorbidities de-
termined in-hospital mortality rate in the gen-
eral population.?>?® Similar observations were
published by Montani et al'' in a prospective
cohort study of PH patients with precapillary
hypertension, where in-hospital mortality due
to COVID-19 was determined by advanced age,
male sex, and comorbidities. Contrary to that,
we identified impaired WHO functional class 3
or 4 as a factor of severe COVID-19 outcome.
Advanced NYHA/WHO functional class 3 or 4
predicts poor survival in PAH/CTEPH patients
without COVID-19.7 The type of PH did not de-
termine the course of COVID-19 either in our or
study pr that by Montani et al''.

COVID-19 increases the risk of venous throm-
boembolism (VTE), pulmonary embolism and/ or
deep venous thrombosis.?® A meta-analysis dis-
closed around 15% rate of VTE events during
COVID-19.?° VTE worsens the prognosis of
COVID-19 patients.?®:3%:3" Some authors sug-
gested that anticoagulation before COVID-19 in-
fection and hospitalization may protect against
microthrombi and development of thromboem-
bolic diseases during COVID-19, and may de-
crease the risk of severe disease and death due
to COVID-19.32 Other studies did not confirm
this theory.**:** A therapeutic dose of anticoag-
ulation may improve the course of COVID-19 in
hospitalized patients, especially when there is no
need of ICU hospitalization.* We observed no
VTE cases being consequences of COVID-19 in
our PAH/CTEPH study group. However, not all
patients had computed angiography performed,
even if they were hospitalized, so the data could
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have been underestimated. About 47% of our
PAH/CTEPH patients, and 45% of those who suf-
fered from COVID-19, received anticoagulants
due to CTEPH, history of VTE, or atrial fibril-
lation. Only 2 of the 7 patients who died from
COVID-19 were taking anticoagulants. We found
no impact of anticoagulation on either morbidi-
ty or severe course of COVID-19. This is in accor-
dance with previous studies in the general pop-
ulation.?*** No thromboembolic events due to
COVID-19 were reported in the European pop-
ulation of PAH/CTEPH patients described by
Belge et al'’ or by Farmakis et al.?’ Montani et al'!
reported acute VTE in 4% of hospitalized PH pa-
tients. Anticoagulation was more frequently used
in the hospitalized patients who survived than in
those who died due to COVID-19 at the hospital,
but it had no impact on in-hospital mortality in
the multivariate regression model."

Study limitations The main limitation of our
study is its retrospective design. The examined
PAH/CTEPH group was relatively small, but
the patients were followed for 2 years of the pan-
demic. The patients were tested for SARS-CoV-2
infection before hospitalization, if they or their
relatives had symptoms suggesting COVID-19,
so asymptomatic patients could have been omit-
ted. The study survival analysis would be the best
type of analysis, but we decided to use logistic re-
gression model due to problems with assessing
the length of the follow-up (to compare the vac-
cinated and unvaccinated patients, the follow-
-up should start for the vaccinated individuals
at the date of achieving the fully vaccinated sta-
tus). The patients were vaccinated at different
times, so we could only analyze the incidence
of COVID-19 and the course of the disease be-
fore and after vaccination, not at a specific time
point for the entire study population. We includ-
ed 66 patients diagnosed with PH after the start
of the pandemic with negative COVID-19 histo-
ry. Negative COVID-19 history was confirmed by
the attending physician and checked in the central
register of COVID-19 cases of the Polish Minis-
try of Health. We assumed that the patients had
had PH before the pandemic, because it is known
from Polish and international registries that PH
is a heterogenous disease diagnosed with a long
delay. The median time from the onset of symp-
toms to diagnosis of PH is 12 to 14 months.?%%
In all 66 retrospectively enrolled PAH/CTEPH pa-
tients the first symptoms occurred several months
before the onset of the pandemic.

Conclusions  Our findings are important for
the PAH/CTEPH patients and their doctors in
the next stages of the pandemic. We confirmed
that the vaccinated PAH/CTEPH individuals
were well protected against COVID-19. The PH
patients had a higher mortality risk and hospi-
talization rate due to COVID-19 than the gener-
al population. The elderly patients in the func-
tional NYHA/WHO class 3 or 4, had the highest



risk of a severe course of COVID-19. They should
receive the greatest attention during PH center
visits. All efforts should be made to convince
the PAH/CTEPH patients to vaccinate against
COVID-19.
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