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Abstract

Pulmonary arterial hypertension (PAH) is a progressively life-threatening disease that causes right heart failure (RHF). Renal
dysfunction frequently complicates PAH with RHF and is associated with a worse prognosis. Renal replacement therapy
(RRT) may be a therapeutic option, although its efficacy and safety are unclear. We describe a 30-year-old male with severe
PAH who developed renal insufficiency and diuretic-refractory volume overload complicated with RHF but was successfully
managed with intermittent RRT via a subcutaneously fixed superficial artery for 4 years. RRT led to haemodynamic stability,
which enabled us to carefully de-titrate parenteral PAH drugs without worsening RHF. This case highlights that RRT may be
a potential alternative for haemodynamic and volume control of refractory fluid retention complicated with RHF in severe
PAH cases. Further studies are warranted to gain more insight into patient selection and the optimal timing of RRT in PAH
patients with deteriorating RHF.
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Introduction

Pulmonary arterial hypertension (PAH) is a progressive,
life-threatening disease affecting small pulmonary arteries
with proliferations of vascular endothelial and smooth mus-
cle cells, leading to elevated pulmonary arterial resistance
and right heart failure (RHF).1 Acute kidney injury (AKI) is a
frequent complication of PAH with RHF and is associated with
a worse prognosis.2 Proposed mechanisms of AKI include ve-
nous congestion, decreased cardiac output and subsequent
regional blood flow, and neurohormonal modifications.3

Moreover, even subtle renal deterioration can result in worse
haemodynamics and an increased risk of mortality.4 Renal re-
placement therapy (RRT) may be a considerable therapeutic
option for diuretic-refractory volume overload complicating
AKI and RHF; however, only a few reports support this strat-
egy for PAH patients.5,6 Here, we report a patient with severe

PAH who developed AKI and subsequent fluid retention asso-
ciated with RHF but was successfully managed with intermit-
tent RRT (IRRT) via a subcutaneously fixed superficial artery
for 4 years.

Case report

A 30-year-old male was diagnosed with idiopathic PAH in
2005 and referred to our institution for consideration for lung
transplantation (LT) in 2015. Before the referral, intravenous
epoprostenol (IV Epo; via a Hickman catheter) was started
5 years after initiating oral PAH drugs due to uncontrollable
haemodynamics. At that era, because higher dose IV Epo
was considered one of the few effective PAH drugs, the IV
Epo was up-titrated to a higher dose over time and improved
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his haemodynamics. He suffered from recurrent catheter in-
fections accompanied by RHF and transient renal dysfunc-
tion, but the IV Epo was continued for over 10 years while
adjusting oral drug doses.

On referral to our institution, he was classified as World
Health Organization functional class III and intermediate risk
according to the ESC/ERS guidelines under IV Epo (213 ng/
kg/min), riociguat (Rio) 7.5 mg, macitentan (Mac) 10 mg,
and diuretics (furosemide 80 mg and trichlormethiazide
1 mg). His blood pressure was 104/58 mmHg. Laboratory
data showed a plasma brain natriuretic peptide (BNP) level
of 173 pg/mL and serum creatinine (Cre) level of 0.89 mg/
dL [estimated glomerular filtration rate (eGFR) = 105 mL/
min/1.73 m2]. Transthoracic echocardiography showed a nor-
mal left ventricular ejection fraction and mild tricuspid regur-
gitation with tricuspid annular plane systolic excursion of
22 mm. Right heart catheterization (RHC) showed a mean
pulmonary arterial pressure (mPAP) of 34 mmHg, right atrial
pressure (RAP) of 9 mmHg, pulmonary artery pulsatility index
(PAPi: calculated by systolic PAP–diastolic PAP/RAP) of 3.6,
cardiac index obtained by thermodilution method (CI) of
8.0 L/min/m2, cardiac power index (CPI; calculated as the
mean arterial pressure × CO/451/body surface area) of
1.27, pulmonary arterial wedge pressure (PAWP) of 11 mmHg,
and pulmonary vascular resistance (PVR) of 170 dynes/s/cm5,
suggesting pre-capillary pulmonary hypertension with chronic
RHF and a hyperdynamic state.

After LT registration, the IV Epo was down-titrated to sup-
press his high output cardiac state, and tolvaptan was started
to reduce volume excess. However, he was readmitted for
RHF deterioration triggered by a catheter infection. His blood
pressure was 88/46 mmHg, while the heart rate was 76 b.p.
m., and the plasma BNP level was 273 pg/mL. Transthoracic
echocardiography showed severe tricuspid regurgitation with
tricuspid annular plane systolic excursion of 12 mm. After
hospitalization, increased diuretics and the addition of intra-
venous inotropes with dobutamine and dopamine did not im-
prove his haemodynamics or volume overload, resulting in
AKI (presumably due to renal congestion). The serum Cre
level increased from 0.67 to 2.41 mg/dL (eGFR 26 mL/min/
m2) over a few days, and he developed anuria, which exacer-
bated the excess fluid. RHC showed a RAP of 16 mmHg, mPAP
of 39 mmHg, PAPi of 1.8, PAWP of 18 mmHg, CI of 8.2 L/min/
m2, CPI of 0.98, and PVR of 128 dynes/s/cm5. Because of the
high PAWP and RAP with anuria, continuous RRT (CRRT) was
started for volume control. Fluid removal rate of CRRT was
initiated with 30 mL/h and gradually elevated to 80 mL/h
over a few days. After CRRT for 3 weeks with concomitant
medical treatment including inotropic agents with dobuta-
mine, dopamine, and noradrenaline, the mPAP decreased to
29 mmHg, and the PAWP (8 mmHg) and RAP (10 mmHg) also
decreased without haemodynamic collapse. However, de-
spite the decreased serum Cre level (to 0.47 mg/dL; eGFR
133 mL/min/m2), he needed regular RRT for volume control,

suggesting that he was at the irreversible renal insufficiency
stage due to RHF. Three months after, we decided to start
IRRT via a subcutaneously fixed superficial artery instead of
an arteriovenous shunt. This proved effective; there were
no adverse events and the optimal volume control for RHF
enabled us to switch from parenteral prostanoids to oral
selexipag (Sel). He was discharged without an intravenous
catheter 6 months after the IRRT was started. Although he
was removed from the LT patient register because of IRRT de-
pendence, RHC after 1 year revealed well-controlled haemo-
dynamics (mPAP = 29 mmHg, RAP = 16 mmHg, PAPi = 1.4,
PAWP = 10 mmHg, PVR = 195 dynes/s/cm5, CI = 4.0 L/min/
m2, CPI = 0.83) on treatment with oral Sel, Mac, Rio, and IRRT
(Figure 1). He did not deteriorate or require readmission fol-
lowing discharge, but died of sepsis complicated with pancre-
atitis 4 years after initiating IRRT, without marked RHF
deterioration.

Discussion

We described a PAH patient complicated with renal insuffi-
ciency and volume overload due to RHF, who underwent
RRT effectively and safely for 4 years, with simultaneous clin-
ical improvement of the PAH.

Right heart failure often causes cardiorenal syndrome, in-
cluding AKI, by causing venous congestion and reduced renal
perfusion pressure,3 which is a challenging and potentially fa-
tal complication. In RHF with PAH, the large increase in the
transpulmonary gradient due to fixed resistance in the pul-
monary vasculature complicates treatment regimens.7 One
of the treatment goals in RHF is to manage the right ventric-
ular preload appropriately and reduce systemic congestion.
Decongestion improves right ventricular decompression, ven-
tricular interdependence, left ventricular filling, and cardiac
output.6 Thus, fluid volume management in PAH patients is
crucial for preventing and managing RHF. Diuretics are the
main medication and effectively reduce right ventricular wall
stress; however, diuretic-refractory cases require RRT.6

Sztrymf et al. reported that RRT is feasible for AKI compli-
cated with RHF in PAH patients, although it is associated with
a poor prognosis. Moreover, the introduction of RRT in unsta-
ble PAH patients may be hazardous due to complications
such as hypotension. Their policy is to delay RRT in the ab-
sence of anuria, uremic complications, or intractable severe
acidosis or hyperkalemia.5

Our patient developed anuria and had volume overload
with elevated RAP, PAWP, and mPAP. Therefore, RRT was
considered unavoidable. However, no adverse events oc-
curred with careful management, including inotropes and
pulmonary vasodilators. Furthermore, improvement of right
ventricular decompression and ventricular interdependence
by decongestion with RRT might contribute to avoiding hae-
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modynamic deterioration. Although the serum Cre level im-
proved, diuretics could not control fluid retention. This sug-
gests that his renal insufficiency was relatively irreversible
and continuing RRT was necessary to control the volume
overload with RHF. In addition, high-dose IV Epo can cause
symptomatic high cardiac output failure and fluid retention,8

which plays a role for worsening RHF and renal
hypoperfusion.9 Reducing IV Epo to the optimal dose is one
way to solve this problem, although no criteria have been es-
tablished for de-escalation of IV Epo. Hence, it is often diffi-
cult to start reducing IV Epo, especially in severe PAH with
RHF. In our case, it highlights that volume management with
RRT could maintain the fluid balance, which helped us to
down-titrate the IV Epo carefully, ultimately to oral Sel with-
out haemodynamic worsening.

Conclusions

In conclusion, RRT may be a potential alternative for fluid
and haemodynamic control of AKI, and subsequent relative

renal insufficiency and volume expansion complicated
with RHF, in severe PAH cases. Further study is warranted
to gain more insight into patient selection and the optimal
timing of RRT in PAH patients with deteriorating RHF.
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Figure 1 Clinical course of biological and haemodynamic variables of the patient. BNP, plasma brain natriuretic peptide; BP, blood pressure; BSA, body
surface area; CPI, cardiac power index; CRRT, continuous renal replacement therapy; CO, cardiac output; dPAP, diastolic pulmonary arterial pressure;
Fc, functional class; IRRT, intermittent renal replacement therapy; IV, intravenous; LT, lung transplantation; mAP, mean arterial pressure; PAP, pulmo-
nary arterial pressure; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure; RHF, right heart fail-
ure; SC, subcutaneous; sPAP, systolic pulmonary arterial pressure; WHO, World Health Organization.
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