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ABSTRACT

Data about pulmonary arterial hypertension (PAH) patients living in low- and middle-income countries remain scarce. This
study assessed prognostic factors associated with time to clinical worsening (CW) or death of a cohort of PAH patients in Minas
Gerais, Brazil. This retrospective cohort study describes baseline clinical variables by PAH etiology and estimates time from
diagnosis to CW [all-cause death, any-cause hospitalization, or disease progression (decrease of > 15% in 6MWD and need for
additional PAH therapy or worsening of functional class (FC)] and time to death. 79 out of 102 participants developed CW and
38 died while under follow-up. The most prevalent etiologies were PAH associated with schistosomiasis (PAH-Sch), idiopathic
(IPAH), with congenital heart disease (PAH-CHD), and with connective tissue disease (PAH-CTD). The overall median event-
free time to CW was 3.3 (95% CI, 2.3-4.6) years, which was similar across etiologies (log-rank test: p = 0.12). WHO FC III-IV,
DLCO < 70%, heart rate recovery in 1 min after the 6-min walk test (HRR1) < 18 beats/minute, and baseline mPAP > 50 mmHg
were predictive of CW-free time. The median time to all-cause mortality was 10.2 (95% CI, 6.8 — > 10) years and varied among
etiologies (log-rank test: p < 0.001). Time to CW was statistically independent of PAH etiology but depended on baseline WHO
FC, DLCO, HRR, and mPAP. After CW events, PAH-Sch and PAH-CTD survived less on average than IPAH and PAH-CHD
participants.

0.1.1 | Introduction prevalence is estimated to be 15-50 persons per million in the
USA and Europe [1-4], but the diagnosis is still delayed [2, 5],
Knowledge about epidemiology, pathophysiology, and thera- the prognosis has improved but remains poor, and the disease

peutic targets for pulmonary arterial hypertension (PAH) has leads to high rates of disability and premature death from right
evolved considerably over the past three decades [1-3]. PAH heart failure [1, 3].

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited and is not used for commercial purposes.

© 2025 The Authors. Pulmonary Circulation published by Wiley Periodicals LLC on behalf of the Pulmonary Vascular Research Institute.

Pulmonary Circulation, 2025; 15:€70086 1of 13
https://doi.org/10.1002/pul2.70086


https://doi.org/10.1002/pul2.70086
http://orcid.org/0000-0003-1779-0443
http://orcid.org/0000-0001-7541-2585
mailto:racorrea9@gmail.com
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1002/pul2.70086

The first USA registry of primary pulmonary hypertension
showed a median survival of 2.8 years [6, 7] and enabled the
development of the first predictive equation for PAH based on
clinical and hemodynamic variables [6, 7]. The huge advance in
the therapy—with the launching of target pulmonary
vasodilators—together with publication of national registries
has led to the development of morbidity and mortality risk
prediction scores that has been supporting the current PAH
management [8-12]. Therefore, a median survival of 7-9 years
[2-4, 12-14] has been reported in the last decades. For example,
in France, 1- and 3-year survival rates of 87% and 67%,
respectively, were reported [13, 14]. The large North American
REVEAL registry showed 1-, 3-, 5- and 7-year survival of 85%,
68%, 57% and 49%, respectively [15-17].

Little is known about outcomes of PAH patients in Brazil and
other low-to-middle-income countries. A study of Brazilian
cohort of 178 PAH patients with predominantly idiopathic PAH
(IPAH; 28.7%) and PAH associated with schistosomiasis (PAH-
Sch; 19.7%) reported the survival was 92.7% and 73.9% at 1- and
3 years, respectively [18]. It should be mentioned that these
registries differ from each other by the duration of follow-up,
study design, the inclusion of incident as well as prevalent pa-
tients, the etiology of PAH and demographic characteristics, all
of which may explain differences other than geographic sce-
narios [2-4, 19-21].

In the current study, we aimed to assess the event-free time to
PAH clinical worsening (CW) or death from the PAH diagnosis
of a Brazilian cohort of patients. Secondarily, we sought to
determine the potential factors associated with CW-free survival
and the interval from CW event to mortality.

1 | Methods

1.1 | Study Design and Population

This is a retrospective longitudinal cohort study of newly
diagnosed PAH patients recruited from the Pulmonary Vas-
cular Disease Unit of Hospital das Clinicas of the Federal
University of Minas Gerais (HC/UFMG), in Belo Horizonte/
MG—a city located in a region where Schistosoma mansoni is
endemic in Brazil—consecutively admitted between Septem-
ber 2004 to April 2020 and followed up until April 2021 when
the study was closed. Patients who were admitted during the
study period were invited to participate. The date of diagnosis
was at the first right heart catheterization (RHC) at HC/
UFMGQG, that is, patients were enrolled before the beginning of
any PAH-target therapy, and they were managed according to
the guidelines available at the time of diagnosis [1, 22]. PAH
medications were provided by the Ministry of Health of Brazil.
Adjuvant PAH therapies followed the local protocol for all
patients, i.e., use of diuretics, supplementary oxygen, and
treatment of comorbidities. Typically, participants were fol-
lowed up every 3-6 months, according to individual classifi-
cation of risk, and had their medical status recorded in a
standardized form used in the clinic. There was no loss to
follow up. The study was approved by the UFMG Ethics
Committee (ETIC Nr. 1.057.219/2015), and all patients signed
an individual informed consent form.

Participants had to have PAH confirmed by RHC, a follow-up visit
at least 1 year after the diagnosis, start of target medication, and
had to be aged 18 years or more. Patients were not eligible if they
had used PAH-specific therapy before diagnostic RHC, had other
causes of PH, or were pregnant. PAH was defined by RHC metrics
as the presence of a mean pulmonary artery pressure
(mPAP) > 25 mmHg, pulmonary capillary wedge (PCWP) or left
atrial or an end-diastolic left ventricle of <15mmHg, and pulmo-
nary vascular resistance (PVR) > 3 WU, according to the ESC/ERS
PAH guidelines [1]. Based on clinical, laboratory and imaging tests
[1, 2], eligible patients were classified into PAH etiologic groups.

1.2 | Variables and Outcomes Measures

Clinical variables collected upon diagnosis were age, sex, body
mass index (BMI), comorbidities, initial PAH-targeted medica-
tions and adjuvant therapies, time elapsed between the begin-
ning of symptoms and PAH diagnosis, World Health
Organization functional class (WHO FC), and laboratory tests
such as arterial blood gases, N-terminal cerebral natriuretic
peptide (NT-proBNP), when available, and glomerular filtration
rate estimated by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula. Additionally, variables from
pulmonary function tests [spirometry, absolute lung volumes
and carbon monoxide diffusion (DLCO)], 6-min walk test
(6MWT) variables including distance (6MWD) and heart rate
recovery in 1min after the end of the 6MWT (HRR1), were
recorded as well as echocardiographic and hemodynamic
parameters at baseline. The COMPERA 3-level risk score was
calculated at admission [11], adapted from the risk assessment
instrument from the 2015 ESC/ERS guidelines [1].

During follow-up, PAH-specific treatment adjustments and
outcomes were recorded. The time from diagnosis to the first
CW event was recorded. This composite outcome was defined
as an occurrence of death due to any cause; the first any-cause
hospitalization; or disease progression (defined as a decrease of
>15% in 6MWD from baseline AND need to add a new PAH
medication OR worsening of WHO FC). According to this
definition no participant who died was classified as CW-free.
These data were recorded by the associated health assistants at
the PAH Clinic at HC/UFMG in parallel with the follow-up of
the participants during the study period. The vital status of the
participants was ascertained by telephone calls (CFR) at the
time of closure of data collection.

1.3 | Statistical Analysis

Shapiro-Wilk test was used to classify the nature of data distribu-
tion. Accordingly, data were reported as frequency and percentage,
mean (standard deviation) or median (interquartile range). ANOVA
or Kruskal-Wallis and Pearson's chi-squared test or Fisher's exact
test were used as appropriate to compare continuous and categor-
ical variables, respectively. The categories of associated variables
were identified by the adjusted residual value > 1.96.

We used the Kaplan-Meier method to estimate the median event-
free time to CW and probability of remaining CW-free for 5 years
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Excluded:
- PAH pre-treated before RHC: 3
- Prevalent cases: 3
- Another PHgroup:1
PAH-Sch IPAH PAH-CHD PAH-CTD PoPH PAH-HIV
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FIGURE1 |
with congenital heart disease; PAH-CTD: Pulmonary arterial hypertension associated with connective tissue disease; PAH-HIV: Pulmonary arterial

Flowchart of the study. IPAH: Idiopathic pulmonary arterial hypertension; PAH-CHD: Pulmonary arterial hypertension associated

hypertension associated with human immunodeficiency virus; PoPH: Pulmonary arterial hypertension associated with portal hypertension; PAH-

Sch: Pulmonary arterial hypertension associated with schistosomiasis.

TABLE 1 | Hemodynamic data of the cohort at diagnosis.

Overall PAH- PAH- PAH-
Variables at diagnosis (n=102) Sch (n=30) IPAH (n=24) CHD (n=21) CTD (n=16)
RHC - SPAP, mmHg, 86 93.5 91 97 70
median (IQR) (70-105) (72.8-119.8) (72.8-112.5) (73-111) (54.8-81.5)"
mPAP, mmHg, 51 53 54 58 45.5
median (IQR) (42-62.5) (44-70.3) (46.3-70.5) (42.5-80.0) (31.8-48.0)"
RAP, mmHg, 8.5 7.5 10.0 9.0 10.0
median (IQR) (5-12) (4.0-10.0) (5.3-12.0) (5.0-12.0) (6.0-11.75)
PCWP, mmHg. 10 10.5 9.0 10.0 8.5
median (IQR) (7.8-12) (8.0-15.0) (7.0-13.8) (7.5-12.0) (5.8-12.0)
CL Lmin"'m™, 2.4 2.34 2.21 2.60 2.04
median, (IQR) (1.8-3.1) (1.69-3.16) (1.71-2.80) (2.13-3.29) (1.55-2.98)
PVR, dynes/sec/cm™, 980 930 1235 980 1091.5
median (IQR) (630-1394) (540-1817.5) (780-1952.5) (750-1192) (449.8-1320)
SvO,, %, mean (SD) 64.9 65.6 62.4 65.2 64.4

(7.4) (6.8) (8.2) (5.9) (8.5)

Note: Data are presented as mean (SD: standard deviation) or median (IQR: interquartile range).

Abbreviations: CI, cardiac index; mPAP, mean pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RHC, right
heart catheterization; RAP, right atrial pressure; sPAP, systolic pulmonary arterial pressure; SvO,, mixed venous oxygen saturation.

#Kruskal-Wallis p < 0.05 for comparison among PAH-Sch, IPAH, PAH-CHD and PAH-CTD.

after diagnosis, overall and by PAH etiologic group, and we used
the log-rank test to compare event-free times among the groups.
Overall survival times were analyzed analogously. We also used
Kaplan-Meier to estimate the median times from CW to death
among participants who had follow-up time after a CW event.

Univariate Cox's proportional hazards analysis was used to
identify potential association between time to clinical worsen-
ing following PAH diagnosis and clinical and laboratory vari-
ables, using cut-off points as stated by the 2015 ESC/ERS [1]
and COMPERA [11] risk stratification or a median value of
some of them as it was found in the analyses. Variables that had
a p-value of < 0.20 in the univariate analysis were included in a
forward stepwise multivariable Cox's proportional hazards

model to identify independent predictors of clinical worsening
in the cohort. The software packages SPSS V.23.0 and SAS v9.4
were used for statistical analysis. Values of p < 0.05 were con-
sidered significant.

2 | Results

2.1 | Relative Frequency of PAH Etiologic Groups
One-hundred and nine (109) PAH patients were admitted
during the study period, and 102 eligible participants were
diagnosed with PAH using RHC criteria and consecutively en-
rolled in the cohort. The most prevalent subgroups were PAH

30f 13



TABLE 2 | Baseline demographics, clinical, functional and laboratory characteristics of the cohort.”

Overall PAH- PAH- PAH-
Variables at diagnosis (n=102) Sch (n=30) IPAH (n=24) CHD (n=21) CTD (n=16)
Age, yr - mean(SD) 46 (12) 46 (13) 46 (16) 42 (18) 50 (15)
Female sex - n (%) 70 (68.6) 18 (60) 18 (75) 15 (71.4) 16 (100)*
WHO FC - n (%)
I 7 (6.9) 2 (6.7) 2 (8.3) 0 1(6.3)
II 42(41.2) 13 (43.3) 8 (33.3) 8 (38.1) 7 (43.8)
111 45 (44.1) 11 (36.7) 14 (58.8) 11 (52.4) 6 (37.5)
v 8 (7.8) 4(13.3) 0 2 (9.5) 2 (12.4)
Time from symptoms to 2 3 1.3 3 2.5
diagnosis, yr - median (IQR) (1-4.3) (2-6) (1-3.8)° (2-6) (1.5-3.8)
PaO,, mmHg - mean (SD) 71.8 75.5 69.3 64.7 75.3
(12.1) (12.5) (11.9) (9.3)* (12.9)
PaCO,, mmHg - mean (SD) 32.5 314 32.3 34.5 32.6
4.1) 4.4 4.1) (4.3) 3.1
eGFR by CKD-EPI - 91.4 92.7 84.2 95.2 93.6
mean (SD) (18.7) (15.03) (21.4) (22.8) (18.3)
PAH risk stratification at
diagnosis - n (%)
Low risk 32 (31.3) 8 (26.7) 7(29.2) 6 (28.6) 4 (25)
Intermediate risk 37 (36.3) 14 (46.6) 7(29.2) 10 (47.6) 3(18.8)
High risk 33 (32.4) 8 (26.7) 10 (41.6) 5(23.8) 9 (56.2)
Prior medications -n (%)
Oxygen 10 (9.8) 2 (6.6) 4 (16.7) 2 (9.5) 2 (12.5)
Diuretic 40 (39.2) 11 (36.7) 10 (41.7) 12 (57.1) 5 (31.3)
Comorbidities -n (%)
Ischemic heart disease 6 (5.8) 1(3.3) 2 (8.3) 1(4.8) 2(12.5)
Hypertension 22 (21.6) 3 (10) 9 (37.6) 4 (19.1) 3 (18.8)
Obesity 21 (20.6) 4(13.3) 8 (33.3) 4(19.1) 4 (25)
Atrial fibrillation 8 (7.8) 2 (6.7) 2 (8.3) 3(14.3) 1 (6.3)
Diabetes 8 (7.8) 1(3.3) 2(8.3) 2 (9.5) 1(6.3)
Hypothyroidism 11 (10.8) 3 (10) 5(20.8) 2 (9.5) 1 (6.3)
First-line treatment -n(%)
Mono + sequential 99 (97) 30 (100) 21 (87.5) 21 (100) 15 (93.8)
combination therapy®
Upfront combination 1) 0 1(4.2) 0 1(6.2)
therapy
CCB 2(2) 0 2 (8.3) 0 0
NT-proBNP (n =92), ng Lt 597 600 890 520 955
- median, (IQR) (280-1566) (265-1728) (275-2198) (285-1210) (330-1740)
Pulmonary function
% FVC (n=96) - mean (SD) 81.5 88.0 83.8 75.4 71.1
(16.4) (11.6) (15.3) (18.8) (18.7)
% FEV, (n=96) - mean (SD) 74.7 79.3 78,2 66.4 67.9
(15.0) 9.4) (16.1) (17.0)* (16.2)
(Continues)
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TABLE 2 | (Continued)

Overall PAH- PAH- PAH-
Variables at diagnosis (n=102) Sch (n=30) IPAH (n=24) CHD (n=21) CTD (n=16)
%TLC (n=47) - mean (SD) 90.8 98.3 90.9 88.4 63.8
(16.4) (12.8) (10.2) (14.6) (10.7)*
%DLCO (n = 84) - 70 70 72 78 58
median (IQR) (57.7-80) (62-82) (59-82) (60-81) (52-61)°
6MWT (m), median (IQR) 428.9 478.1 358.4 445.5 450.2
(316.8-510.7) (409.6-546.9) (213-475.2)° (317.1-474.6) (310-474.6)
HRRI, beats per minute, 18 18 17 18 14
median (IQR) (10-22) (11-24) (10-21) (13-20.0) (9-22)
TTE
SPAP, mmHg - 75 72.5 83.5 89.0 71.5
median (IQR) (60-94) (60.0-102.0) (71.8-96.3) (64.5-103.0) (52.5-83.5)
RAP, mmHg - median (IQR) 10 10.0 10.0 10.0 10.0
(10-15) (10.0-14.3) (10.0-15.0) (6.5-15.0) (10.0-15.0)
TRV, m/s - mean (SD) 4.04 (0.70) 4.1 (0.77) 4.22 (0.57) 4.22 (0.71) 3.65 (0.56)°
TAPSE (n = 96), mm, 14 14 14 14 14
median (IQR) (12.8-19.0) (12.3-18.3) (12-18) (12.5-16.5) (12.5-16.5)
Pericardial effusion(%) 14 (13.9%) 3 (10%) 4 (16.6%) 3 (14.3%) 4 (25%)*

Note: Data are presented as mean (SD: standard deviation) or median (IQR: interquartile range).

Abbreviations: 6MWD, 6-min walk distance; 6MWT, 6-min walk test; eGFR, estimated glomerular filtration rate; FC, functional class; %FEV;, forced expiratory volume in
1s; %FVC, % predicted forced vital capacity; #DLCO, % predicted diffusion capacity of carbon monoxide; HRR1, heart rate recovery at 1 min after 6MWT; NT-proBNP,
N-terminal pro-brain-type natriuretic peptide; PaCO,, arterial carbon dioxide pressure; PaO,, arterial oxygen pressure; SvO,, mixed venous oxygen saturation; TAPSE,
tricuspid annular plane systolic excursion; %TLC, % predicted total lung capacity; TRV, tricuspid regurgitation velocity; TTE, transthoracic echocardiogram; WHO, World
Health Organization.

#The four most prevalent subgroups were compared.

As in Reference No. 1.

“Followed by combination therapy as indicated.

Kruskal-Wallis p-value of < 0.05 for the comparison among PAH subgroups.

0,0 15,0 30,0 45,0 60,0 75,0 90,0 105,0
Percentage of patients in each category

B Low risk
O!ntermediate risk

WEHigh risk

FIGURE 2 | Risk stratification of the four most prevalent PAH etiologic groups upon diagnosis*. *According to the ESC/ERS guidelines'.
Numbers are percentages. IPAH: Idiopathic pulmonary arterial hypertension; PAH-CHD: Pulmonary arterial hypertension associated with con-
genital heart disease; PAH-CTD: Pulmonary arterial hypertension associated with connective tissue disease; PAH-Sch: Pulmonary arterial hyper-
tension associated with schistosomiasis.
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TABLE 3 | Outcomes related to clinical worsening and death.
Participants with
Outcome outcome n (% of 102)

Primary endpoint: clinical

worsening®
All events 79 (77.5%)
All-cause hospitalization 21 (20.6%)

Hospitalization for 13 (61.9%)°

worsening of PAH

Disease progression 57 (55.9%)
Death from any cause 1 (1%)
Secondary endpoint: all-
cause death

Death from any cause 38 (37.2%)

Death due to PAH 26 (68.4%)+

Abbreviation: PAH, pulmonary arterial hypertension.

#Clinical worsening was defined by first event of all-cause death or hospitalization
for any cause or disease progression (defined by decreased > 15% in 6-min walk
distance from baseline AND worsening WHO functional class OR need for
additional PAH therapy).

bof 21 hospitalizations; & of 38 deaths.

associated with schistosomiasis (PAH-Sch; 29.4%), IPAH
(23.5%), and PAH associated with congenital heart disease
(PAH-CHD; 20.6%), connective tissue disease (PAH-CTD;
15.7%), portal hypertension (PoPH; 6.9%), and HIV infection
(PAH-HIV; 3.9%) (Figure 1). Below, data from PoPH and PAH-
HIV participants are not included in group-specific analyses
due to their small sizes. Among the diagnostic hemodynamic
variables, the PAH-CTD subgroup had lower than average
mean sPAP (70 vs. 91 mmHg; p = 0.005 and mPAP levels (45.5
vs. 53 mmHg; p =0.004; Table 1). Of 16 patients with PAH-
CTD, eight had systemic sclerosis, six had systemic lupus ery-
thematosus and two had mixed-connective tissue disease.

2.2 | Patient Characteristics at the Time PAH
Diagnosis

Among clinical, laboratory, functional, and echocardiographic
features measured at PAH diagnosis, the overall mean age was
46 + 12 years (range, 18 to 79 years), most participants were
women (68.6%), and most had WHO FC II (41.2%) and III
(44.1%). Mean age, WHO FC and risk stratification at admission
were similar across etiologic subgroups (Table 2; Figure 2).
However, IPAH participants had a shorter duration of symp-
toms before diagnosis (1.3 vs. 2 years; p = 0.012), shorter 6MWD
(358 vs. 446 m; p=0.012), and 41.6% had a high risk-score for
mortality. PAH-CTD etiology had an absolute female predom-
inance (100% vs. 75%), was associated with lower %DLCO (58
vs. 70%; p = 0.01), and 56.2% had a high risk-score for mortality.

2.3 | Overall Event-Free Times

During a median of 5.7 years' on-study follow-up, 38 of the 102
study participants died, 41 survived with CW, and 23 survived
CW-free. Disease progression and hospitalization accounted for

98.7% of the 79 clinical worsening events (Table 3). Complica-
tions associated with PAH and/or right heart failure were re-
ported as the primary cause of the first hospitalization among
61.9% of 21 patients hospitalized and as the primary cause of
death among 68.4% of 38 who died. The second most common
cause of death was sepsis (15.8%).

The median clinical worsening-free time was 3.3 (95% CI,
2.3-4.6) years, and the event-free percentages at 1-, 3-, 5-, 7- and
10 years after diagnosis were 78.4%, 51.9%, 35.5%, 26.8%, and
10.8%. The median overall survival time was 10.2 (95% CI, 6.8 -
> 10) years, and the event-free percentages were 95.1%, 83.4%,
64.5%, 59.0% and 48.3% at 1-, 3-, 5, 7- and 10 years, respectively.
Among 77 participants with follow-up time after a CW event,
the Kaplan-Meier estimate of overall median time from CW to
death was 3.3 years. There were two participants affected by
COVID-19, one of whom died, but there was no impact on the
rate of clinical worsening events in the cohort when compared
to the period before the pandemic.

2.4 | Risk Factors Associated With the Clinical
Worsening-Free Time

In univariate analyses, 16 variables were associated with the
composite primary endpoint, but in the multivariable analysis,
only WHO FC III and IV (p = 0.013), DLCO < 70% (p = 0.026),
HRR1 < 18 beats per minute (bpm; p=0.001) and mPAP
>50mmHg (p=0.007) were independently associated with
clinical worsening-free time (Table 4). In the univariate model,
the ranking of etiologic groups by risk of CW was PAH-
CTD > IPAH > PAH-Sch > PAH-CHD, which is illustrated by
median time to CW and 5-year CW-free estimates shown in
Figure 3.

2.5 | Interval From Initial Clinical Worsening
Event to Death

Although times to clinical worsening did not vary statistically
significantly among the PAH subgroups (logrank: p =0.116),
IPAH and PAH-CHD etiologies had longer median survival
times on average than their PAH-CTD and PAH-Sch counter-
parts (> 10 vs. 4.0-7.8 years; logrank test: p = 0.047; Figure 3).
These survival findings were observed despite the IPAH cohort
experiencing a relatively short time from diagnosis to CW,
similar to PAH-CTD, and despite PAH-Sch experiencing a rel-
atively long time to CW, similar to PAH-CHD. However, after
developing CW, IPAH and PAH-CHD etiologies also survived
longer on average than their PAH-Sch and PAH-CTD coun-
terparts (Figure 3 summary table).

3 | Discussion

The present study of consecutive patients with PAH diagnosed
at a university-affiliated PH-reference center in Brazil demon-
strated a low event-free time (3.1 years) to occurrence of the
composite outcome of hospitalization, disease progression and
all-cause death in a long-term follow-up. Furthermore, WHO
FC III or IV, DLCO < 70%, HRR1 < 18 bpm after 6MWT, and
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TABLE 4 | Univariate and multivariate Cox proportional hazards analysis in the pulmonary arterial hypertension cohort for the composite

outcome of clinical worsening.”

Univariate analysis

Multivariate analysis

Variables
HR (95% CI) p-value HR (95% CI) p-value
FC NYHA
Iand II (n=49) 1 (reference)
IIT and IV (n = 53) 1.89 0.007 1.96 0.013
(1.19-2.98) (1.15-3.34)
PAH subgroup
IPAH (n=24) 1 (reference) 1
PAH-Sch (n = 30) 0.76 0.378
(0.41-1.41)
PAH-CHD (n=21) 0.53 0.071 — —
(0.27-1.06)
PAH-CTD (n=16) 1.24 0.567
(0.60-2.53)
Heart rate at diagnosis
<96 bpm (n=82) 1 (reference) — —
> 96 bpm (n = 20) 1.48 0.146
(0.87-2.52)
PaCO,
<33mmHg (n=49) 1 (reference) — —
>33 bpm (n=53) 0.69 0.113
(0.44-1.09)
eGFR - CKD-EPI
> 60 mL min 1.73 m? (n =95) 1 (reference) — —
<60 mL min1.73m? (n=5) 0.37 0.053
(0.15-0.93)
PAH risk stratification
Low risk (n=32) 1 (reference) 1 —
Intermediate risk (n =37) 1.65 0.091
(0.93-2.95)
High risk (n =33) 2.51 0.003 —
(1.38-4.59)
Therapy changes during follow-up
No change (n =35) 1 (reference) 1 — —
Switch monotherapy (n = 5) 0.79 0.706
Combination therapy (n = 62) (0.23-2.68)
1.72 0.041
(1.02-2.89)
NT-proBNP
<300ngL™! (n=33) 1 (reference) 1 — —
300 - 1400 ng L™t (1 = 40) 1.75 0.057
>1400ng L' (n=29) (0.98-3.09)
2.37 0.005
(1.28-4.31)
(Continues)
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TABLE 4 | (Continued)

Variables Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value
DLCO (%)
>70% (n=48) 1 (reference)
<70% (n=46) 1.55 0.001 1.43 0.026
(1.28-1.72) (1.06-1.66)
6MWD
> 440 m (n=50) 1 (reference) 1
165-440 m (n = 44) 1.53 0.077 1.59
(0.96-2.45) (1.31-1.75)
<165m (n=38) 1.6 0.232
(0.74-3.48)
HRR1
> 18 bpm (n =52) 1 (reference)
<18 bpm (n = 50) 1.61 <0.001 0.001
(1.36-1.75)
Right heart catheterization
mPAP
<50 mmHg (n =52) 1 (reference)
> 50 mmHg (n = 50) 1.32 0.099 1.51 0.007
(0.93-1.57) (1.18-1.71)
RAP
<8mmHg (n=51) 1 (reference) 1
9-14 mmHg (n =41) 0.75 0.237
(0.46-0.1.21)
> 14 mmHg (n =10) 1.8 0.136
(0.82-3.86)
CI
>2.5Lmin"'m™ (n=52) 1 (reference)
<2.5Lmin"' m™2 (n = 50) 0.72 0.156
(0.46-1.13)
PVR
<980 dynes seccm™ (1 =49) 1 (reference)
>980 dynes sec cm ™ >(n = 53) 1.31 0.1
(0.92-1.56)
SvO,
> 65% (n=49) 1 (reference) 1
60%-65% (n=31) 1.33 0.366
(0.72-2.45)
<60% (n=22) 0.66 0.164
(0.37-1.19)

Abbreviations: 6MWD, 6-min walk distance; 6MWT, 6-min walk test; CHD, congenital heart disease; CI, cardiac index; CTD, connective tissue disease; eGFR CKD-EPI,
estimated glomerular filtration rate by Chronic Kidney Disease Epidemiology Collaboration; FC: WHO functional class for PAH; DLCO (%), % of predicted diffusion
capacity of carbon monoxide; HR, hazard rate; HRR1, heart rate recovery at 1 min after 6MWT; IPAH, idiopathic pulmonary arterial hypertension; mPAP, mean
pulmonary arterial pressure; NT-proBNP, N-terminal pro-brain-type natriuretic peptide PAH, pulmonary arterial hypertension; PaCO,, arterial carbon dioxide pressure;
PVR, pulmonary vascular resistance; PAH-CHD, PAH associated with congenital heart disease; PAH-CTD, PAH associated with connective tissue disease; PAH-Sch: PAH
associated with schistosomiasis; RAP, right atrial pressure; SvO,, mixed venous oxygen saturation; WHO, World Health Organization.

#Composite outcome refers to clinical worsening, defined by first event of hospitalization for any cause or disease progression (defined by decreased > 15% in 6MWD from
baseline AND worsening WHO functional class (FC) OR need for additional PAH therapy).
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*Total number at risk includes 11 PAH cases of other types; ' Participants with a CW event prior to death

FIGURE 3 |

Kaplan-Meier estimates of clinical worsening-free time (blue) and survival time (red) in the four most common PAH subgroups:

(A) PAH-Sch, (B) IPAH, (C) PAH-CHD, and (D) PAH-CTD. *Risks of clinical worsening were equal to or slightly above average for PAH-Sch and
PAH-CTD etiologies, and risks of mortality were above average for IPAH and PAH-CTD etiologies.
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one hemodynamic variable (mPAP > 50 mmHg) were highly
predictive of worse outcomes.

It is noteworthy that disease progression, instead of death, ac-
counted for most of the first occurrences of the composite end-
point. Events such as disease progression and hospitalization
have been reported as important predictors of mortality prog-
nosis. McLaughlin et al [23] reported that patients from two large
randomized clinical trials who experienced an event of morbidity
before pre-specified length of time after the inclusion had an
increased risk of death as compared to those who had not (HR of
3.39 and 4.48), highlighting the importance of preventing disease
progression in patients with PAH. Recent large PAH randomized
controlled trials [24-26] have used time to clinical worsening as
their primary outcome, defined as a composition of clinical
variables [27-30]. We recognize the quality-of-life burden to pa-
tients of living with a progressive disease. In this study, however,
among the subset of participants who experienced clinical wor-
sening on-study, the median time from CW to death was longer
in the IPAH cohort than in the PAH-Sch cohort (7.4 vs.
2.2 years), despite that the IPAH and PAH-Sch cohorts had
similar median times from diagnosis to CW (3.4 vs. 3.0 years).
We conjecture that specific disease mechanisms underlying
etiologies of PAH, including co-morbidities, differentially drive
the risks of CW and death and could in the future be addressed
by etiology-specific case management.

In the current era of PAH therapy, international guidelines rec-
ommend the use of pre-defined clinical and laboratory goals
before the initiation of therapy and to adjust it in short period
follow-up according to the patient's risk of death. The main
objective is to achieve and maintain a low-risk status, defined by
the presence of variables associated with better survival [8, 11, 12].
The current risk stratification scores are based on large PAH
registries from the USA and Europe that have a prevalence of
etiologies different from those in the southern hemisphere. As an
example, schistosomiasis is a relatively common PAH etiology in
Brazil [18]. Additionally, these scores have not been applied to
Brazilian patients. Although the clinical profile of PAH patients
varies throughout the world, the comparison of these risk scores
among different populations may give insights for better man-
agement of PAH patients.

In the present sample, median time from diagnosis until all-
cause mortality was 10.2 years resulting in a progressive decline
in the survival that was worse for PAH-CTD and PAH-Sch than
for IPAH and PAH-CHD. These results are somewhat like those
reported for PAH-CTD [15, 30, 31] and for PAH-Sch [18],
respectively. Overall, PAH survival was not different from the
contemporary registries [14, 15, 31-40]. It should be mentioned
that, although the study took place over 2 years of the recent
COVID-19 pandemic, we did not observe an increase in the rate
of CW events or deaths compared to the pre-pandemic period.

The present report is the first Brazilian PAH cohort study with a
follow-up period longer than 3 years to our knowledge. The
results confirm the existence of differences in the baseline
prevalence and disease course of the subgroups of PAH,
reflecting the local epidemiology and the larger period of
follow-up, and highlight the importance of national registries in
identifying regional characteristics of the disease [21].

PAH-Sch and IPAH were the most common etiologies in this
cohort, in distinction from the registries of countries of the
northern hemisphere, mainly due to the high prevalence of
schistosomiasis in Brazil, where Schistosoma species are en-
demic, notably in the state of Minas Gerais [41, 42]. In a study
conducted in 2008-2013 in Sdo Paulo where Schistosoma is not
endemic, IPAH and PAH-CTD cohorts were more common
than PAH-Sch and the other three etiologies we studied, and
the IPAH and PAH-Sch cohorts had similar survival that was
longer than in the PAH-CTD cohort [18]. In contrast, a new
finding of the present study was that PAH-Sch patients had a
worse survival rate after CW than IPAH and PAH-CHD. A
possible explanation for the similar survival of IPAH and PAH-
Sch in Sdo Paulo could be that PAH-Sch patients were infected
early in life in the endemic areas and relocated to non-endemic
areas, allowing the right ventricle to adapt to the progressive
and slow increase in pulmonary vascular resistance [43]. On the
other hand, the relationship between the impact of CW and
mortality afterwards was not evaluated there.

The average age and the female predominance were like pre-
vious reports from other countries [2, 4, 19, 44] suggesting that
these variables are not dependent on geographics. The median
time from symptoms until the diagnosis in the present series
was 2.0 years, being similar across the PAH subgroups.

Patients were more severe at diagnosis (WHO FC III: 44.1%),
with exception of PAH-Sch and PAH-CTD. Similarly to previ-
ous reports, there was a delayed PAH diagnosis that is a known
contributor to worse prognosis [4, 5, 19, 20].

In the current study functional capacity and autonomic dys-
function of the patients were evaluated through the 6 MWD and
HRRI, respectively. This cohort performed better on 6MWD
[median 428.9 m (IQR: 316.8-510.7 m)] as compared to other
series [4], despite having similar clinical severity at admission,
which again, demonstrates geographic heterogeneity in the
physical capacity of Brazilian patients to perform routine
activities [45, 46]. Patients with IPAH had a shorter median
6MWD [358.4 m (IQR: 213-475.2 m)], like other IPAH registries
[19]. HRR1 has been recently reported as a valuable dynamic
variable that reflects the impaired parasympathetic activity and
cardiac adaptation to the high pulmonary vascular resistance
presented in PH [47]. Regardless of 6MWD, HRR1 less than 18
beats at baseline was associated with a higher risk of occurrence
of all composite endpoints. HRR1 correlates with autonomic
dysfunction in various cardiovascular and respiratory condi-
tions [48]. Additionally, HRR1 is a biomarker that is easily ac-
cessed and is associated with morbidity [49, 50] and mortality
[51-53] in PAH and has a variable cut-off discriminative value
for prognosis variable ( < 16 beats [47, 48, 50, 52] and < 18 beats
[51, 53]).

Hemodynamic data were similar to previously reported inter-
national registries [16, 19]. Median CI (2.4 L min~' m~?), RAP
(8.5mmHg) and SvO, (64.9%) were compatible with the inter-
mediate risk status [1, 11, 12]. Despite this, the only invasive
data that was a significant predictor of clinical worsening was
mPAP >50mmHg [HR:1.51 (95% CIL:1.18-1.71); p =0.007].
High PVR in IPAH was not reflected by shorter times to death
but may have hastened their CW.
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Potential limitations of the present study should be taken into
consideration. Firstly, its unicentric nature and relatively
small sample size may be a source of bias that precludes
generalization of the results, especially regarding subgroup
analysis. Another issue to be taken into consideration is
that access to medication in Brazil differs from US and Europe
and varies from state-to-state and the current study reflects
the reality of Minas Gerais. [8]. However, patients in this
cohort were all submitted to the same diagnostic and treat-
ment procedures. Otherwise, due to the need for the rational
application of guideline recommendations, especially in
rare diseases [21], local data are important because they ex-
press regional clinical, functional, echocardiographic, and
hemodynamic characteristics, which may contribute to a
better application of knowledge and practices about the PAH
in Brazil.

Strengths of this study are that the cohort enrolled only incident
cases, i.e., patients hemodynamically diagnosed in the reference
center, and there was no loss to follow-up or missing data re-
garding the occurrence of events or clinical status.

In conclusion, in addition to some clinical and demographic
similarities and differences among PAH subgroups of the present
cohort, the rate of clinical worsening was similar and independent
of their etiology. WHO FC III or IV, DLCO < 70% and HRR1 < 18
beats in 6MWT, and mPAP > 50 mmHg as well as a first event of
clinical worsening were predictive of worse outcomes.
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