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ABSTRACT
OBJECTIVES: The aim of this study was to analyse survival of patients with pulmonary arterial hypertension 
(PAH) and chronic thromboembolic pulmonary hypertension (CTEPH) hospitalized due to an acute right heart 
failure (ARHF) with emphasis on risk factors and effectiveness of treatment following current guidelines.
METHODS: We retrospectively analysed 117 hospitalizations of 70 patients (59 PAH patients; 11 CTEPH 
patients, mean age 53.1 ± 16.77 years, 54 % females) between 2004 and 2013. 
RESULTS: 96 cases were hospitalized at cardiology wards (CW) while 21 at intensive care unit (ICU). The 
overall hospital mortality was 12.8 %, CW mortality was 4 %, and ICU mortality was 52.4 %. Higher risk of 
in-hospital mortality was associated with younger age, lower sodium levels, severe forms of PAH (heritable 
PAH, CTD-PAH) and need of PAH combination treatment. The one-year survival from the fi rst ARHF 
hospitalization was 67.6 % (95 % CI 57.1–80 %), the two-year survival was 41.9 % (95 % CI 30.8–56.9 %). 
The presence of ascites was a predictor of long-term mortality.
CONCLUSIONS: Mortality in patients with PH and ARHF remains very high. Identifi cation of its risk factors 
could be used as basis of risk-adapted therapy (Tab. 5, Fig. 2, Ref. 14). Text in PDF www.elis.sk.
KEY WORDS: acute right hear failure, pulmonary arterial hypertension, chronic thromboembolic pulmonary 
hypertension, mortality.
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Introduction

Acute right heart failure (ARHF) is a leading cause of mor-
bidity and mortality in patients with pulmonary arterial hyperten-
sion (PAH) and chronic thromboembolic pulmonary hypertension 
(CTEPH) ( 1 ) . The latest published data on causes of ARHF in 
those patients originate from data on patients treated by 2009 ( 2 ,  
3).  However, the last decade was characterised by the availabil-
ity of advanced PAH treatment (both oral and parenteral specifi c 
vasodilation treatment, both individually and combined, that de-
monstrably affects both symptoms and prognosis of the patients 
( 4 ,  5))  as well as CTEPH treatment (causal treatment by surgical 
pulmonary endarterectomy, PEA, with a signifi cant effect on pa-
tients’ outlook, as well as pulmonary hypertension-specifi c phar-

macotherapy in patients with inoperable disease or with residual 
pulmonary hypertension after surgical treatment). In addition, 
signifi cant advances in intensive care and heart failure treatment 
were made ( 1 , 6, 7, 8).  

The aim of our retrospective study was to analyse the outcome 
of patients with PAH and CTEPH treated in accordance with the 
current guidelines in departments where all of the recommended 
treatment options were available between 2004 and 2013. The pre-
sented study builds on data collected at the centre for Pulmonary 
Hypertension at the General University Hospital in Prague and 
at the Department of Cardiology and Angiology, Slovak Medi-
cal University and National Institute of Cardiovascular Diseases, 
Bratislava, Slovakia (Centre for CTEPH). 

Patients and methods

Patient population
We performed a retrospective analysis of medical records of 

117 hospitalizations for ARHF in 70 patients with chronic PH (59 
patients with PAH and 11 patients with CTEPH, mean age 53.1 
± 16.77 years; 46 % male). The diagnosis of PAH and CTEPH, 
hospital care and subsequent follow-up on outpatient basis were 
performed according to current guidelines .  The defi nite diagnosis 
was made by right heart catheterization with haemodynamic evi-
dence of precapillary pulmonary hypertension with a pulmonary 
artery mean pressure (PAMP) ≥ 25 mm Hg, pulmonary capillary 
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wedge pressure (PCWP) ≤ 15 mm Hg and pulmonary vascular 
resistance (PVR) ≥ 3 Wood Units. CTEPH diagnosis was based 
on the same criteria combined with a corresponding fi nding by at 
least two imaging methods (CT angiography, V/Q scintigraphy, 
pulmonary angiography) (9). 

O n   admission for ARHF, all patients have undergone a com-
plete routine baseline work-up in accordance with contemporary 
standards including assessment of medical history, concomitant 
diseases, full laboratory tests and/or other noninvasive methods. 
Data on the ward of hospitalization (ICU/cardiology ward) and 
method of treatment (pharmacotherapy, organ support...) were 
recorded, as well as available data on the triggering factors of the 
ARHF and on mortality during hospitalization. Surviving patients 
were regularly followed up at specialized pulmonary hypertension 
outpatient clinics of both participating hospitals. Data on survival 
up to 31.12.2014 were recorded and association of the individual 
parameters with in-hospital and long-term mortality were analysed. 
We have also focused on the differences between ARHF treatment 
at ICU and cardiology wards. 

Statistical analysis
Statistical analysis was performed using R-project, version 

3.2.3. Results are expressed as mean, median and standard de-
viation for continuous variables or as the number of cases and 
percentages for categorical variables. T-test was used for com-
parison of normally distributed variables and Mann–Whitney test 
for comparison of abnormally distributed variables. Categorical 
variables were compared using Fisher’s exact test. Logistic regres-
sion was used to evaluate in-hospital mortality. Generalized esti-
mating equations were used to account for repeated measurements.
Cox proportional hazard model and log-rank test were used to 
assess the effect of covariates on the survival; p < 0.05 was con-
sidered statistically signifi cant.

The study was conducted in accordance with the principles 
laid down in the 18th World Medical Assembly (Helsinki, 1964), 
including all subsequent amendments, and in compliance with all 
local laws and regulations. The approval of the study was provided 
by the institutional ethics committee. 

Results

Patient characteristics
In total, 70 patients with 117 admissions for ARHF were in-

cluded in the study. 21 admissions were hospitalized in ICU (17.9 
%). Hemodynamic instability and/or multiorgan failure were indi-
cations for ICU hospitalization. 96 admissions were hospitalized at 
cardiology wards (72.1 %). 42 patients were hospitalized with a di-
agnosis of idiopathic PAH (60 %), 4 patients with heritable PAH (6 
%), 8 patients with connective tissue disease-associated PAH (CTD-
PAH 12 %), 5 patients with congenital heart disease associated 
PAH (CHD-PAH 7 %) and 11 patients with CTEPH (15 %) (Fig. 1). 
The median duration of a hospital stay was 13.0 days (1–288 days). 

Haemodynamic data from all patients at the time of diagno-
sis along with basic demographic parameters are summarized in 
Table 1.

Laboratory and clinical presentation on admission for ARHF
Hyponatremia (natrium ≤ 136 mmol/L) on admission was pres-

ent in 63 (53.3 %) hospitalizations, severe hyponatremia (with na-
trium ≤ 130 mmol/L) was recorded in 21 (17.9 %) hospitalizations. 

On admission, mean creatinine level in patients admitted to 
CW was 127.9 ± 46.91 umol/L; in patients admitted to ICU, the 
mean value was 153.9 ± 74.21 umol/L, the difference was not sta-

Fig. 1. Aetiology of pulmonary hypertension in patients hospitalized 
for ARHF.

Population
Subjects (n) 70
ARHF hospitalizations (n) 117
Age at fi rst admission (years) 53.1±16.77 
Female (n; %) 38 (54%)
Height (cm) 168.8±9.3
Weight (kg) 81.1±20.4
BMI (kg/m2) 28.3±6

Type of pulmonary hypertension (n, %) 
IPAH 42 (60%)
HPAH 4 (6%)
CTD 8 (12%)
CHD 5 (7%)
CTEPH 11 (15%)

Right heart catheterisation at diagnosis
RA 12.5±6.4 mmHg
PAMP 55.1±14.1 mmHg
PCWP 10.7±3.1 mmHg
CO 4.0±0.9 l/min
PVR 11.6±4.6 W.U.

Pulmonary hypertension vasodilatory treatment:
without specifi c therapy 7 (10%)
sildenafi l 39 (56%)
endothelin receptor antagonist 19 (27%)
riociguat 5 (7%)
prostanoids 29 (41%)
combined therapy 28 (40%)

IPAH – idiopathic PAH, HPAH – heritable PAH, CTD – connective tissue disease 
PAH, CHD – congenital heart disease PAH, CTEPH – chronic thromboembolic pul-
monary hypertension, RA – right atrium, PAMP – pulmonary artery mean pressure, 
PCWP – pulmonary capillary wedge pressure, CO – cardiac output, PVR – pulmonary 
vascular resistance, Continuous parameters are described by mean±SD. Categorical 
parameters are described using absolute (relative) frequency, relative frequencies are 
only calculated from known data

Tab. 1. Overall baseline characteristics of patients.
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tistically signifi cant. 23 patients had hypotension (systolic blood 
pressure ≤ 90 mm Hg) and 7 patients were anemic (HB below 
pod 100 g/L). All cases were in NYHA III/IV class on admission. 
Clinically manifest ascites was present in 41 cases (35 %). As-

cites paracentesis was performed in 27 cases due to a suspected 
tension ascites. High incidence of spontaneous bacterial perito-
nitis (SBP) was detected in these patients (40.7 %). Among ICU 
patients treated with paracentesis, the incidence of SBP was as 
high as 66.7 % (Tab. 2).

Triggering factors for right heart failure decompensation
Triggering factors of ARHF were identifi ed in 40 cases (34 % of 

all hospitalizations) and included infection in 21 patients (17.9 %), 
supraventricular tachycardia in 10 patients (8.5 %), anemia in 7 pa-
tients (5.9 %). In 77 patients, however, the reason remained unknown 
(66 %). Identifi cation of the cause of heart failure was however not 
associated with better prognosis (odds ratio 1.04, p = NS) (Tab. 3). 

Specifi c treatment of pulmonary hypertension
All patients with PAH were treated with PAH-specifi c vasodi-

lation therapy – sildenafi l (56 %), endothelin receptor antagonists 
(27 %), prostanoids (41 %), riociguat (1.4 %), combination therapy 
(40 %). 5 out of 11 patients with CTEPH had a history of PEA. 4 
patients were using riociguat; in 3 cases, the reason was residual 
PH following PEA and in one case, it was due to inoperability. 

Treatment during the hospitalization for right heart failure and 
in-hospital mortality

During hospitalization for ARHF, patients were treated accord-
ing to the severity of their clinical status. All patients were treated 
with diuretics. In 38.5 % of patients, bolus diuretic administration 
was suffi cient but, in most cases (61.5 %), diuretics had to be ad-
ministered continuously. 

Inotropic therapy was initiated in the absence of diuresis and/or 
where evidence of low cardiac output or systemic hypotension was 
present. Dobutamine was used as a drug of choice in 31.6 % of cas-
es. Where the effect was insuffi cient, levosimendan (4.3 %) and nor-
epinefrine (5.1 %) were added. Continuous veno-venous hemofi l-
tration (CVVH) for acute kidney failure was used in 5 cases (4.3 %). 

Non-invasive pulmonary ventilation (NIV) was initiated in 10 
cases with signifi cant respiratory failure due to ventilation-perfu-
sion mismatch. Invasive mechanical ventilation (IMV) was used 
in 1 patient. Extracorporeal Membrane Oxygenotherapy (ECMO) 
was used in two cases. An overview of treatment methods and the 
comparison between ICU and CW are given in Table 4.

Risk factors of in-hospital mortality were calculated based on 
all 117 admissions of 70 patients with ARHF. 

In-hospital mortality was 12.8 %. On CW, the mortality rate 
was very low (4 %); however, the mortality of patients admitted to 
ICU was 52.4 %. Therapy in ICU in survivors and non-survivors 
is described in Table 5. 

Using univariate analysis, a higher risk of in-hospital mortal-
ity was associated with lower sodium level (OR 2.1 per 5 mmol/L 
decrease, CI 1.1–4.1, p = 0.03), severe forms of PAH – heritable 
PAH, CTD-PAH (OR 4.5, CI 1.6–12.7, p = 0.005) and PAH treated 
with combination specifi c therapy (OR 3.1, CI 1.0–9.5, p = 0.047). 
Surprisingly, the association between mortality and increasing 
age revealed a reduced odds ratio (OR 0.66 per 10 years increase, 
CI 0.50–0.88, p = 0.004), meaning that in-hospital mortality was 

 Total ICU Cardiology 
ward

N of cases 117 21 96
Hyponatremia (N of cases) 63 15 48
Creatinine (mean±SD) 133±53 154±74 128±47
Systolic blood pressure (mean±SD) 108±17 102±16 109±17
Anemia <Hb 100 g/l (N of cases) 7 3 4
Haemoglobin (g/L; mean±SD) 133±24 127±28 134±23
Ascites (N of cases) 41 7 34
Paracentesis (N of cases) 27 6 21
SBP (N of cases) 11 4 7
SBP – spontaneous bacterial peritonitis

Tab. 2. Baseline characteristics of patients at ICU and Cardiology 
wards.

Triggering factor n (% of total)
infections 21 (17.9 %)
supraventricular arrhythmia 10 (8.5 %)
anaemia 7 (5.9 %)
activation of systemic lupus erythematosus 1 (0.9%)
non-compliance 1 (0.9%)
unknown 77 (66 %)

Tab. 3. Triggering factors for acute right heart failure.

(n)
Hospitalizations

All 
(n=117)

Cardiology ward  
(n=96)

ICU
(n=21)

Mortality (n) 15 (13%) 4 (4%) 11 (52%)
bolus diuretics 45 (38%) 43 (45%) 2 (10%)
continuous diuretics 72 (62%) 53 (55%) 19 (91%)
dobutamine 37 (32%) 19 (20%) 17 (81%)
norepinephrine 6 (5%) - 6 (29%)
levosimendan 5 (4%) - 5 (24%)
CVVH 5 (4%) - 5 (24%)
NIV 10 (9%) - 10 (48%)
IMV 1 (1%) - 1 (5%)
ECMO 2 (2%) - 2 (10%)
CVVH – Continuous veno-venous hemofi ltration, NIV – non- invasive ventilation, 
IMV – invasive mechanic ventilation, ECMO – Extracorporeal Membrane Oxy-
genotherapy

Tab. 4. Treatment of acute right heart failure in our patient group.

 All 
(n=21)

Survivors 
(n=10)

Non-survivors 
(n=11)

dobutamine 18 7 (39 %) 11 (61 %)
norepinephrine 6 0 (0 %) 6 (100 %)
levosimendan 5 2 (40 %) 3 (60 %)
NIV 10 4 (40%) 6 (60 %)
IMV 1 0 (0 %) 1 (100 %)
CVVH 5 2 (40 %) 3 (60 %)
ECMO 2 1 (50 %) 1 (50 %)
CVVH – Continuous veno-venous hemofi ltration, NIV – non-invasive ventilation, 
IMV – invasive mechanic ventilation, ECMO – Extracorporeal Membrane Oxy-
genotherapy

Tab. 5. Treatment comparison in patients who survived or died during 
ICU treatment. Percentages show the fractions of patients who died or 
survived when the particular treatment was administered.
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higher in younger patients. Sex, presence of ascites, time from diag-
nosis, serum levels of BUN, potassium, creatinine and identifi able 
triggering factor of ARHF did not predict in-hospital mortality.

Long-term survival
One-year survival after the fi rst hospitalization (in patients who 

survived the fi rst hospitalization) was 67.6 % (95 % CI 57.1–80 
%); two years after the fi rst hospitalization, it was 41.9 % (95 % 
CI 30.8–56.9 %) (Fig. 2). In univariate analysis, the presence of 
ascites (p < 0.02) and elevated BUN (p < 0.009) on admission 
were associated with long-term mortality. A trend of higher mor-
tality in patients with low blood pressure at the time of admission 
was also observed, however it was not statistically signifi cant (p 
= 0.07). Age, sex, identifi able cause of ARHF and haemodynamic 
profi le at diagnosis were not signifi cantly associated with long-
term mortality after the fi rst admission.

Age, presence of ascites, BUN level, sodium level, and blood 
pressure at the time of admission were included in the multivariate 
model. The choice of variables was guided by both clinical and 
statistical signifi cance. In the multivariate analysis, only BUN was 
independently associated with the outcome. 

Discussion

In our study, we focused on the description of risk factors and 
analysis of predictors of both hospital and long-term mortality. In 
addition, we also analysed the options of ARHF treatment. Neither 
the conclusions from the 6th World Symposium on Pulmonary 
Hypertension 2018 in Nice (1) nor the valid E S C  Guidelines for 
the diagnosis and treatment of acute and chronic heart failure from 
2016 (10) are dealing wi t h  the therapy of ARHF patients who are 
hemodynamically stable without clear clinical or laboratory indi-
cators of low cardiac output or multiorgan failure and can there-

fore be treated in standard cardiology wards. Besides targeting the 
underlying cause, a standard diuretic treatment is recommended 
(both bolus or continuous applications) as well as administration 
of spironolactone, oxygen therapy, low dose dobutamine (below 
5 μg/kg/min) and symptomatic therapy. The in-hospital mortality 
of patients who required only this kind of treatment was relatively 
low (4 %). This result, however, cannot be reliably compared to 
previous studies on ARHF as none of those reported mortality sepa-
rately for patients treated in cardiology ward (2, 3, 11). The over a l l 
in-hos pital mortality in our study was 12.8%, which was caused 
by a high mortality of patients admitted to ICU (52.4 %). Similar 
results were reported by Campo et al (2) who reported 205   h o spi-
talizations for ARHF in 90 patients, 16.1 % of whom needed ICU 
treatment. The overall hospital mortality in their study was 8.8 % 
and the ICU mortality was 48 %. In cases hospitalized at ICU who 
developed respiratory failure and invasive mechanic ventilation 
(IMV) was necessary (n = 9), the mortality was 100 %. Their work 
however did not specify whether or not non-invasive ventilation 
(NIV) was used in any patient (ventilation support was initiated 
in nine patients, however, the type of support was not reported). 

In our patient group, the hospital mortality of patients treated 
at ICU who needed NIV due to respiratory failure was 60 % (n 
= 10; 48 % of ICU-treated patients). In one case, the ventilation 
support had to be changed to IMV, the patient however died. The 
indications for initiation of IMV and NIV are of course not in-
terchangeable; however, where the patient’s condition and ICU 
equipment allow a choice between IMV and NIV, it appears rea-
sonable to begin with NIV and only if this approach fails, IMV 
and/or ECMO should be considered. 

In patients hospitalized at ICU due to low cardiac output 
(LCO) accompanying right ventricular failure, inotropic support 
is administered, initially typically dobutamine. At doses < 5 μg/kg/
min, dobutamine increases cardiac output and reduces PVR ( 1 2 ). 
Higher doses however often cause unwanted sinus tachycardia or 
development of arrhythmia and doses over 10 μg/kg/min may lead 
to progression of systemic hypotension (1 2 )  as well as increased 
myocardial oxygen consumption. 

If LCO symptoms and/or multiorgan failure persist, adminis-
tration of levosimendan may be benefi cial. Systemic hypotension 
often represents a limitation. When the systolic blood pressure is 
over 90 mmHg, it may be more benefi cial to administer levosi-
mendan than norepinephrine type vasopressors for increasing the 
cardiac output. In our study, 5 patients were treated in this way 
and the mortality was relatively high, i.e., 60 %. However, where 
the patients’ conditions required administration of norepinephrine, 
the mortality was 100 % (which is most likely associated with the 
generally extremely serious condition of those patients). Still, it is 
necessary to point out that norepinephrine acts as a strong vaso-
constrictor both in the systemic and pulmonary vascular bed while 
levosimendan acts as a vasodilation agent in the pulmonary vas-
cular bed. Hence, it is possible that administration of norepineph-
rine can possibly even worsen the prognosis of such critically ill 
patients and that levosimendan might indeed be the better choice. 

As far as risk factors are concerned, our results are in accor-
dance with those of previous works by Campo (2 ) ,   Sztrymf (1 3 )  

Fig. 2. Long-term survival of patients after the fi rst admission for 
ARHF (only patients who were released from hospital care).



Bratisl Med J 2020; 121 (3)

230 – 234

234

and Kurzyna (1 1 ) .  Lower sodium levels on admission and severe 
forms of PAH (HPAH, CTD-PAH) were statistically signifi cant 
predictors for in-hospital mortality. 

An interesting and previously unpublished observation was 
the relationship between in-hospital mortality and patient´s age. 
Curiously enough, the in-hospital mortality in younger patients is 
higher than in older patients, which is probably associated with a 
higher risk profi le of PH (PAH, especially CTD-PAH and heritable 
PAH, necessity of PAH combination treatment) in younger patients.

Long-term mortality (Fig. 2) after the fi rst hospitalization due 
to ARHF (32.4 % after 12 months and 58.1 % after 24 months) 
very well corresponds with the results published by Campo (2)  
 ( 3 5 % at month 12, mortality at month 24 is not reported) despite 
the fact that the spectrum of patients differs (in Campo’s paper, 
there was a high representation of patients with CTD-PAH while 
no patients with CTEPH were included). 

The presence of ascites turned out to be a predictor of long-
term mortality, which can be explained by the well-known fact 
that ascites is a sign of very advanced disease. Besides, a high 
percentage of SBP found in patients with ascites that is correctly 
treated with antibiotics during the hospitalization but not in a long 
term after the release from the hospital (which is recommended 
when the aetiology of ascites is cirrhosis) (14 ) may be the reason 
for such worsening of the long-term outlook. 

Limitations of this study include especially relatively small 
number of patients, which prevents us from providing a proper 
statistical analysis and only allows a description of the results, a 
relatively high heterogeneity of the patient group (various forms 
of PAH, CTEPH) and an absence of data from the right heart cath-
eterization at the time of hospitalization. 

Conclusions

In-hospital mortality of patients with pulmonary hyperten-
sion and ARHF is high, and signifi cantly higher when patients 
need treatment in intensive care units. Higher risk of in-hospital 
mortality was associated with younger age, lower sodium levels, 
severe forms of PAH (heritable PAH, CTD-PAH) and need of PAH 
combination treatment. The presence of ascites and BUN levels 
were the most important predictors of long-term mortality. This 
mortality could be also infl uenced by high prevalence of SBP in 
patients with ascites, which was treated with antibiotics only dur-
ing the in-hospital stay, but not in the long term as is recommended 
in patients with cirrhosis ascites. 

Learning points

• Mortality in patients with PH and ARHF remains very high.
• A higher risk of in-hospital mortality of patients with ARHF 

and pulmonary hypertension was found in patients with younger 
age, lower sodium levels, severe forms of PAH (heritable PAH, 
CTD-PAH) and patients requiring PAH combination treatment.

• The presence of ascites was not associated with a higher hospital 
mortality but was a predictor of long-term mortality.

• If ventilation is needed in these patients, it appears reasonable to 

begin with non-invasive ventilation and only where this approach 
fails, IMV and/or ECMO should be considered.

• Identifi cation of mortality risk factors could be used as basis of 
risk-adapted therapy. 
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