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Abstract
Pulmonary hypertension (PH) is a prevalent complication among patients with
chronic kidney disease (CKD). In these patients, pulmonary vasodilators may be use-
ful but are underused. We describe a group of patients with precapillary PH and
advanced CKD treated with pulmonary vasodilators. This was a case series of patients
with CKD stage 4 and 5 and precapillary PH (isolated or combined) based on right
heart catheterization (RHC) treated with pulmonary vasodilators from 2018 to 2023.
Of 263 patients with isolated precapillary or combined PH and advanced CKD, only
17 (6%) were treated with pulmonary vasodilators; 53% (n = 9) with precapillary PH
and 47% (n = 8) with combined PH. Most patients (94%, n = 16) received
phosphodiesterase-5 antagonists, while 12% (n = 2) received endothelin receptor
antagonists. Adverse clinical outcomes were seen in 35% of patients within a year. The
use of pulmonary vasodilator did not prevent adverse outcomes in patients with pre-
capillary PH and advanced CKD.
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INTRODUCTION

Pulmonary hypertension (PH) is a prevalent complication
among patients with chronic kidney disease (CKD) that
affects approximately 20%–50% of patients.1,2 PH-CKD is
classified as group 5 PH given the several pathophysiologic
mechanisms involved, leading to isolated precapillary, post-
capillary, and combined PH.3

CKD can develop as a complication of precapillary
PH and RV failure owing to chronic renal venous con-
gestion and neurohormonal dysregulation.4 Meanwhile,
precapillary PH can occur as a consequence of CKD
complications as well, including pulmonary artery stiff-
ening (owing to secondary hyperparathyroidism and

metastatic calcification), vasoconstriction (owing to an
imbalance of vasoactive mediators such as nitric oxide),
and vessel remodelling (owing to chronic inflammation
and hyperdynamic circulation due anaemia or arteriove-
nous fistula).5–7

Although precapillary PH (isolated and combined) has
been associated with an increased risk of morbidity and
mortality in CKD patients, there is limited evidence sup-
porting the safety and efficacy of pulmonary vasodilators in
these patients.3,8 There have been small single-center studies
showing improvement in World Health Organization func-
tional class as well as exercise tolerance.9–11 Unfortunately,
CKD patients have been underrepresented in a variety of
cardiovascular clinical trials.12

We aim to describe the clinical characteristics, hemody-
namic parameters, and outcomes of patients with CKDRaul Leguizamon and Ian McLaren have contributed equally to this work.
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stages 4 or 5 with isolated precapillary or combined PH trea-
ted with pulmonary vasodilators.

CASE SERIES

Methods and statistical analysis

This was a single-center case series of patients older than
18 years with stage 4 or 5 CKD and evidence of isolated pre-
capillary or combined PH confirmed by right heart catheter-
ization (RHC) who were treated with pulmonary vasodilator
therapies from 2018 to 2023. Patients with CKD4 had a
baseline estimated glomerular filtration rate (eGFR) of
15–29 mL/min, whereas those with CKD5 had an eGFR of
<15 mL/min or were on dialysis.13

We defined pulmonary hypertension (PH) as a median
pulmonary artery pressure (mPAP) of >20 mmHg.14 Iso-
lated precapillary PH was defined as pulmonary vascular
resistance (PVR) of >3 wood units and pulmonary arterial
wedge pressure (PAWP) of ≤15 mmHg, whereas combined
PH was defined as PVR of >3 wood units (or with a trans-
pulmonary gradient (TPG) of >12 mmHg) and PAWP of
>15 mmHg.7,15 Severe PH was defined as mPAP of
≥35 mmHg or mPAP of ≥25 mmHg with a cardiac index
(CI) of <2 L/min/m.16

The initiation of pulmonary vasodilator therapy was
recorded based on hospital discharge or outpatient follow-
up documentation within a month after the RHC date.
Based on chart review, we collected clinical information,
CKD characteristics, RHC and transthoracic echocardiogra-
phy (TTE) data, pulmonary vasodilator therapy features
(including medication class, dose, and frequency), and clini-
cal outcomes, including cardiovascular (CV) outcomes or
all-cause mortality within 1 year of follow-up.

Continuous variables were presented as medians or
ranges and interquartile ranges (IQR) when appropriate.
Categorical variables were presented in frequencies and per-
centages or fractions when appropriate. Our study was
approved by the Jefferson Institutional Review Board (iRI-
SID-2023-2277).

RESULTS

Of 263 patients with advanced CKD precapillary-PH or
combined-PH confirmed by RHC, only 17 (6%) were treated
with pulmonary vasodilators after RHC. Their median age
was 60 years (range 39–75), 47% (n = 8) were females, and
88% (n = 15) were African Americans. Most had CKD5
(76%, n = 13), and more than half were on haemodialysis
(59%, n = 10). Their baseline comorbidities are presented in
Table 1.

Based on RHC evaluation, 53% (n = 9) had isolated
precapillary-PH, and 47% (n = 8) had combined-PH. Most
patients were classified as having severe PH (82%, n = 14).
Regarding echocardiography findings, the median left

ventricular ejection fraction was normal (55%, IQR 40–60),
whereas all patients had right-sided abnormalities suggestive
of PH. Among patients with isolated precapillary-PH, 8/9
had diastolic dysfunction on TTE. Complete RHC and TTE
data are presented in Tables 1 and 2.

In terms of treatments, 94% (n = 16) of patients
received phosphodiesterase-5 (PDE5) antagonists, mainly
sildenafil (n = 15), except one who received tadalafil. Two
patients (12%) received the endothelin receptor antagonist
(ERA) ambrisentan, one in combination with sildenafil and
one as a single agent. Forty-seven percent (n = 8) of patients
were simultaneously on calcium channel blocker (CCB)
therapy. Their individualized dosage and frequency are pre-
sented in Table 2.

Within a year after RHC, 35% (n = 6) of patients had
adverse clinical outcomes; 4/6 with isolated precapillary-PH,
and 2/6 with combined-PH. 4/6 developed CV-related out-
comes (mainly heart failure [HF] exacerbation), whereas 3/6
died within a year. 5/6 of these patients already had severe
PH at baseline.

Only 4 patients had repeated hemodynamic assessments
within a median of 5 months (range 2–10); three had
improved hemodynamics (decreased mPAP and PVR),
whereas one patient (subject 1) had worsened hemodynam-
ics (increased mPAP and PVR and decreased CI)
(Figure 1A,B). Of the three subjects with improved hemody-
namics, one was admitted to the Hospital for HF exacerba-
tion 77 days after the index RHC. The only subject with
worsened hemodynamics was non-adherent to medications,
developed a stroke, and died 222 days after the RHC date.

DISCUSSION

We described a case series of 17 patients with CKD stages
4 or 5 and precapillary-PH or combined-PH confirmed by
RHC treated with pulmonary vasodilators. Although the
use of pulmonary vasodilator therapy is a potential thera-
peutic option for CKD patients with precapillary PH, the
safety and efficacy of these medications have yet to be
established in these patients and tend to be underutilized.
Indeed, in our study population, only 6% of patients with
a precapillary component of PH were treated with pulmo-
nary vasodilators.

In the present study, despite the use of vasodilator ther-
apy, more than one-third (35%) of patients still developed
adverse clinical outcomes. Certainly, several possible reasons
exist for the elevated morbidity and mortality among PH-
CKD patients treated with pulmonary vasodilators.

First, patients who developed adverse clinical outcomes
were sick at baseline, including 5/6 patients with severe PH
and 4/6 with end-stage kidney disease requiring dialysis.
The median one-year survival time of dialysis patients is
about 80%, and similar survival rates have been reported
among PH-CKD patients.3,17 Therefore, adverse outcomes
in PH-CKD patients are expected even if pulmonary vasodi-
lator therapy does offer some benefit.
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Second, HF with preserved ejection fraction (HFpEF) is
prevalent among CKD patients, and pulmonary vasodilators
are likely to trigger HF decompensation in these patients.
Although 2/3 episodes of HF exacerbations occurred among
patients with isolated precapillary-PH, both had diastolic dys-
function on TTE suggestive of occult HFpEF. This represents a
major limitation that must be acknowledge in future potential
trials of pulmonary vasodilators in this population. Of note,
PDE-5 antagonists, the most used vasodilators in our study,
have been associated with encouraging outcomes in patients
with combined-PH owing to their ability to improve LV relax-
ation in addition to vasodilating the pulmonary vessels.18

Third, although 3/4 of patients showed improved
hemodynamics upon repeated RHC, one subject still
developed HF exacerbation and required hospitalization.
Indeed, better pulmonary hemodynamics (lower mPAP,
PVR, and higher CI) do not necessarily translate into clin-
ical benefit in PH-CKD patients. For instance, comorbid
conditions such as chronic lung diseases, present in 35%
of our patients, may worsen with the use of systemic pul-
monary vasodilators.19

Our study had several limitations, including its single-
center and retrospective design. We included only a small
number of patients who met the study criteria, which was
expected as patients with PH-CKD usually do not receive
pulmonary vasodilator therapy. We used RHC hemody-
namic assessment to classify their hemodynamic pheno-
type (isolated precapillary-PH vs. combined-PH). We
recognize this is only a snapshot of their underlying
hemodynamic and prone to misclassification. Hence, we
documented diastolic dysfunction on TTE as a surrogate
of occult HFpEF. Due to the retrospective nature of the
study, we could not ascertain whether the simultaneous
use of other medications or poor treatment adherence
also impacted our patients’ outcomes. Future studies of
vasodilator therapy in PH-CKD patients must be prospec-
tive, use a strict selection criterion (excluding patients
with combined-PH and occult HFpEF), and use a control

T A B L E 1 Clinical data of patients with pre-capillary or combined PH
and advanced kidney disease on pulmonary vasodilator therapies.

Variables Total n = 17

Age in years—Median (range) 60 (39–75)

Female sex—n (%) 8 (47)

Race—n (%)

African American 15 (88)

Caucasian 1 (6)

Asian 1 (6)

Body Mass Index—Median (IQR) 26 (22–32)

Kidney disease features—n (%)

CKD stage 4 4 (24)

CKD stage 5 13 (76)

On haemodialysis 10 (59)

Median time on dialysis in years (range) 6 (2–11)

Baseline comorbidities—n (%)

Hypertension 16 (94)

Diabetes mellitus 8 (47)

Hyperlipidemia 9 (53)

Heart failure 10 (59)

Chronic lung disease 6 (35)

Obstructive sleep apnea 2 (12)

History of venous thromboembolism None

Connective tissue disease None

History of cancer 1 (6)

Chronic anaemia 14 (82)

PH features—n (%)

Precapillary PH 9 (53)

Combined PH 8 (47)

Severe PH 14 (82)

Non-severe PH 3 (18)

RHC data—median (IQR)

Mean RA pressure (mmHg) 16 (9–19)

Mean PA pressure (mmHg) 45 (35–50)

PA wedge pressure (mmHg) 13 (6–24)

Transpulmonary gradient (mmHg) 26 (21–32)

Pulmonary vascular resistance (Woods) 5 (3.3–6.2)

Cardiac output (L/min) 5.1 (4.4–7)

Cardiac index (L/min/m2) 3 (2.4–3.9)

Echocardiography data—n (%)

LVEF in %—median (IQR) 55 (40–60)

LV diastolic dysfunction (n = 13) 10 (77)

PASP in mmHg—median (IQR) 61 (45–73)

TRV in m/sec—median (IQR) 3.3 (3.1–3.7)

RV strain 11 (65)

RV dilation 14 (82)

RA dilation 16 (94)

IVC diameter of >2.1 cm 12 (71)

IVC inspiratory collapse of <50% 11 (65)

(Continues)

TAB L E 1 (Continued)

Variables Total n = 17

Pulmonary vasodilator therapies

PDE5 antagonists 16 (94)

Endothelin receptor antagonists 2 (12)

Calcium channel blockers 8 (47)

Single therapy 9 (53)

Combination therapy 8 (47)

Outcomes (1 year follow-up)

Mortality 3 (18)

Cardiovascular outcomes 4 (24)

Abbreviations: CKD, chronic kidney disease; IVC, inferior vena cava; LVEF, left
ventricular ejection fraction; PA, pulmonary artery; PASP, pulmonary artery systemic
pressure; PDE5, phosphodiesterase 5; PH, pulmonary hypertension; RA, right atrium;
RV, right ventricle; TRV, tricuspid regurgitation velocity.
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group as comparison. Future research will likely require look-
ing at surrogate outcomes similar to PAH studies, such as
improvement in exercise capacity, impact in quality of life, or
measurement of clinically relevant biomarkers.20

In summary, among advanced CKD patients with preca-
pillary or combined PH, the use of pulmonary vasodilators
was uncommon and did not prevent adverse clinical out-
comes within a year of follow-up. Given the high prevalence
of CKD patients with a precapillary component of PH, fur-
ther research into the use of pulmonary vasodilators in this
specific subset of patients is warranted.
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