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Abstract

Background: Pulmonary hypertension is a rare and fatal disease and several methods are available for its risk stratification. Right
heart catheterization is gold standard tool for this target but this method is invasive and expensive. Serum uric acid level is a con-
troversial method for this aim.
Objectives: This paper aims to discover a correlation between serum uric acid level and severity of pulmonary hypertension based
on right heart catheterization.
Methods: Uric acid level was measured in 128 pulmonary hypertension patients who had undergone right heart catheterization.
Then, the correlations between uric acid level and right heart catheterization findings as well as pulmonary hypertension severity
were assessed.
Results: The correlations between serum uric acid level and CI (P = 0.019), DAP (P = 0.032), MAP (P = 0.027), RAP (P = 0.002), SPAP
(P = 0.015), MPAP (P = 0.035), PPPA (P = 0.011), SO2S (P = 0.005), MVO2S (P = 0.004) are significant. A positive correlation was found
between serum uric acid level and pulmonary hypertension risk based on RAP (P = 0.006) and MVO2S (P = 0.022).
Conclusions: It was found that the serum uric acid level is significantly correlated with some parameters of right heart catheteri-
zation including CI, DAP, MAP, SPAP, MPAP, PPPA, especially RAP, SO2S and MVO2S. Also uric acid level is significantly correlated with
severity of pulmonary hypertension based on RAP and MVO2S and the level is increased in high risk ranked patients.

Keywords: Uric Acid, Pulmonary Hypertension, Right Heart Catheterization, Prognosis

1. Background

Pulmonary hypertension has been known as a rare but
fatal disease which is defined by mean pulmonary artery
pressure greater than 20 mmHg based on the right heart
catheterization (1). Several methods are used for risk strat-
ification of pulmonary hypertension including history,
physical examination, BNP (brain natriuretic peptide), pro-
BNP, six-minute walk test (6MWT), echocardiography, car-
diac MRI (magnetic resonance imaging), cardiopulmonary
exercise test and right heart catheterization. Right heart
catheterization is known as a gold standard method for
diagnosis and evaluation of pulmonary hypertension but
this method is invasive and expensive (2). Therefore, there
is a need for novel methods to overcome the shortcomings
of right heart catheterization.

Serum uric acid, which is the final oxidation product
of the purine metabolism, protects cells from the damage
induced by reactive oxygen species and reactive nitrogen
species (3). Uric acid is known as a prognostic factor in

heart failure (4-6), congenial heart disease (7) and obstruc-
tive pulmonary disease (8). Allopurinol, a drug for reduc-
ing level of uric acid, may be helpful for patients with se-
vere left ventricular systolic dysfunction (9).

Several studies have shown that serum uric acid level
rises in adult and pediatric pulmonary hypertension pa-
tients (10, 11). Several mechanisms may result in the high
uric acid level in pulmonary hypertension, but the exact
metabolic mechanism has not been clearly understood.
Lung tissue ischemia, impaired renal perfusion and uri-
nary excretion of uric acid may be the main factors for the
rise in the level of uric acid level in pulmonary hyperten-
sion patients (12).

In spite of specified correlation between serum uric
acid level and pulmonary hypertension, there is contro-
versial correlation between uric acid level and prognosis
of pulmonary hypertension. Voelkel et al. (10) in a study
on 92 cases demonstrated that uric acid was associated
with pulmonary artery pressure but it was not correlated
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to prognosis of pulmonary hypertension. Wensel et al. (13)
showed that serum uric acid level was correlated with sur-
vival of pulmonary hypertension patients. Bendayan et
al. (14) also confirmed the correlation between serum uric
acid and the survival of pulmonary hypertension patients.

In previous studies, the relationship between serum
uric acid level and severity of pulmonary hypertension has
been mainly assessed based on survival, NYHA functional
class and 6MWT while the use of right heart catheteriza-
tion for this assessment has not been comprehensively em-
ployed.

2. Objectives

This paper aims to study the correlation between
serum uric acid and right heart catheterization findings, as
well as, severity of pulmonary hypertension based on right
heart catheterization. To this end, the level of uric acid was
measured in 128 pulmonary hypertension patients and as-
sessed using the findings of right heart catheterization.

3. Methods

This paper is a retrospective study undertaken on pul-
monary hypertension patients from Shahid Rajaei Cardio-
vascular, Medical and Research Center, Tehran, Iran, for the
period of March 2013 to February 2018. Patients with con-
genital heart disease, reduced ejection fraction (< 45%) and
renal failure (Cr > 1.5 mg/dL) were removed from the anal-
ysis and 128 cases were used for this study. None of the
studied patients had leukemia or myeloproliferative dis-
ease. Serum uric acid level was measured by calorimet-
ric method, in the day that right heart catheterization was
performed. Right heart catheterization was performed via
different accesses involving femoral, brachial, jugular and
subclavian vein. In right heart catheterization, right atrial
pressure (RAP), systolic pulmonary artery pressure (SPAP),
diastolic pulmonary artery pressure (DPAP), wedge pres-
sure (W), mixed venous oxygen saturation (MVO2S) and
systemic oxygen saturation (SO2S) were measured. Then,
mean pulmonary artery pressure (MPAP), pulse pressure
of pulmonary artery (PPPA), cardiac output (CO) using Fick
method, cardiac index (CI), systemic vascular resistance
(SVR) and pulmonary vascular resistance (PVR) were calcu-
lated from these measurements. Systolic aortic pressure
(SAP), diastolic aortic pressure (DAP) and mean aortic pres-
sure (MAP) were recorded. The correlation between serum
uric acid level and right heart catheterization data was
evaluated. Also, the correlation between serum uric acid
level and risk of pulmonary hypertension based on right
heart catheterization was evaluated according to Table 1.

Table 1. Risk of Pulmonary Hypertension Based on the Right Heart Catheterization
(2)

Right Heart
Catheterization
Parameters

Low Risk
(1-Year

Mortality <
5%)

Moderate Risk
(1-Year Mortality

5 - 10%)

High risk
(1-Year

Mortality >
10%)

CI, L/min/m2 ≥ 2.5 2 - 2.5 < 2

RAP, mmHg < 8 8 - 14 > 14

MVO2S, % > 65 60 - 65 < 60

Patients were then divided into three groups based on
the severity of pulmonary hypertension risk: (1) high risk
patients who had at least two high risk items from three pa-
rameters; (2) low risk patients who were evaluated low risk
for all three items; (3) moderate risk patients who were not
included into the first and second groups. The correlation
between serum uric acid level and the categorized severity
of pulmonary hypertension risk was evaluated.

3.1. Statistical Analysis

Analyses were carried out using IBM SPSS statistics 19
for Windows (IBM Corp, Armonk, NY, USA) and normal-
ity of distributions for each variable was assessed using
one sample Kolmogorov - Smirnov test. Continuous vari-
ables with and without normal distribution are presented
as means ± standard deviation and median (interquar-
tile range; IQR). Categorical data are presented as numbers
and percentages. To compare the ordinal variables Kruskal
- Wallis test was used. Spearman’s rho correlation coeffi-
cient was used to test the correlations between uric acid
and right heart catheterization data. All reported proba-
bility values were two-tailed, and a P < 0.05 was considered
statistically significant.

4. Results

In the surveyed population (128 patients), 35.9% (46
patients) were male and 64.1% (82 patients) were female.
Among study subjects 3.9% of cases (5 patients) were us-
ing allopurinol and 21.1% of cases (27 patients) were receiv-
ing furosemide. Patients were categorized based on WHO
classification of pulmonary hypertension where 65.6% (84
patients) fell in group 1, 11.7% (15 patients) in group 2 (in-
clude preserved ejection fraction heart failure and restric-
tive cardiomyopathy), 4.7% (6 patients) in group 3, 16.4%
(21 patients) in group 4 and 1.6% (2 patients) were catego-
rized in mixed group. As the patients of group 5 were com-
bined with other groups, it was not considered as a sepa-
rate group in the analysis. The characteristics of patients
are presented in Table 2. Risk of pulmonary hypertension
for patients was evaluated based on RAP, CI and MVO2S and
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the results are summarized in Table 3. Among all, 28.9% (37
patients) based on RAP, 35.9% (46 patients) based on CI and
46.1% (59 patients) based on MVO2S were assessed as high
risk. The median of uric acid and right heart catheteriza-
tion data is listed in Table 4.

The results of the analyses show that the correlation
between serum uric acid level and CI (P = 0.019), DAP (P =
0.032), MAP (P = 0.027), RAP (P = 0.002), SPAP (P = 0.015),
MPAP (P = 0.035), PPPA (P = 0.011), SO2S (P = 0.005), MVO2S
(P = 0.004) is weak but significant and no correlation was
found between other parameters and serum uric acid. As
the uric acid level increases, the, RAP, SPAP, MPAP and PPPA
increase while it results in a decrease of CI, DAP, MAP, SO2S,
and MVO2S. The correlation is sharper for RAP, SO2S, and
MVO2S, as shown in Table 5. In addition, the relationship
between serum uric acid level and risk of pulmonary hy-
pertension based on RAP (P = 0.006) and MVO2S (P = 0.022)
are significant but the relationship between serum uric
acid level and risk of pulmonary hypertension based on CI
isn’t significant (P = 0.062). It was also found that the level
of uric acid for high risk patients’ category is significantly
elevated (P = 0.047).

Table 2. Patient’s Characteristics

Patient’s Characteristic N (%)

Gender

Female 82 (64.1)

Male 46 (35.9)

Drug usage

Allopurinol 5 (3.9)

furosemide 27 (21.1)

Pulmonary hypertension group

Group 1 84 (65.6)

Group 2 15 (11.7)

Group 3 6 (4.7)

Group 4 21 (16.4)

Mixed group 2 (1.6)

Table 3. Prevalence of Patients Were Categorized Based on Right Heart Catheteriza-
tion Risk Stratification

Low Risk, N
(%)

Moderate
Risk, N (%)

High Risk, N
(%)

Risk base on RAP 31 (24.2) 60 (46.9) 37 (28.9)

Risk based on CI 52 (40.6) 30 (23.4) 46 (35.9)

Risk based on MVO2S 42 (32.8) 27 (21.1) 59 (46.1)

Table 4. Median of Variables

Variable Median (IQR)

Uric acid 6.4 (4.9 - 8.3)

CO 4.1 (3.1 - 5.1)

CI 2.26 (1.8 - 2.89)

SAP 120 (110 - 135)

DAP 77 (69 - 85)

MAP 91 (83 - 101.66)

RAP 10 (8 - 15)

SPAP 84 (55 - 110)

DPAP 35 (25 - 40)

MPAP 51.66 (33.3 - 66)

PPPA 44 (30 - 60)

W 12 (11 - 18)

PVR 8.9 (3.5 - 15.3)

SVR 20.5 (15.4 - 26)

SO2S 93 (88 - 95)

MVO2S 62.5 (52 - 67)

Table 5. Correlation Between Serum Uric Acid Level and Right Heart Catheterization
Variables

Variable P Value Correlation Coefficient

CO 0.518 -0.058

CI 0.019 -0.207

SAP 0.058 -0.168

DAP 0.032 -0.189

MAP 0.027 -0.195

RAP 0.002 0.277

SPAP 0.015 0.214

DPAP 0.094 0.149

MPAP 0.035 0.187

PPPA 0.011 0.224

W 0.458 0.066

PVR 0.116 0.140

SVR 0.992 -0.001

SO2S 0.005 -0.249

MVO2S 0.004 -0.253

5. Discussion

A number of studies investigated the correlation of
serum uric acid level with hemodynamic data and most
of them are based on echocardiography while the use
of right heart catheterization for assessment of hemody-
namic were not fully studied.
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Nagaya et al. (15) found a correlation between the
serum uric acid level and cardiac output, as well as, pul-
monary resistance but the correlation with mean pul-
monary arterial pressure was not significant. Voelkel et al.
(10) found a positive correlation between serum uric acid
level and RAP elevation. Van Albada et al. (11) in a study on
the serum uric acid in pulmonary hypertension children
demonstrated that serum uric acid level correlates with
invasively recorded hemodynamic data. Zhang et al. (12)
observed uric acid level positively correlated with MPAP
in elevated uric acid level while level of serum uric acid
was negatively correlated with RVEF. Boyilla and Madas
(16) found an elevated level of uric acid in pulmonary hy-
pertension patients compared to healthy subjects and re-
ported positive correlation between uric acid level and
MPAP. Castillo-Martinez et al. (17), found high mean SPAP
in hyperuricemia patients after a 6-year follow-up period
in a study on systemic lupus erythematosus patients for
7 years. Suteu et al. (18) found that serum uric acid level
in pediatric pulmonary arterial hypertension patients was
higher than healthy subjects. Seyyedi et al. (19) reported
significant correlations between serum uric acid level and
SPAP and right ventricular dysfunction.

In this study, it was found that the serum uric acid level
is significantly correlated with some parameters of right
heart catheterization including CI, DAP, MAP, SPAP, MPAP,
PPPA, especially RAP, SO2S and MVO2S. The negative correla-
tion between uric acid level and CI was also observed in Na-
gaya et al. (15) study. Zhang et al. (12) also detected the cor-
relation between uric acid and MPAP but this correlation
was not significant in the Nagaya et al. (15) study. Castillo-
Martinez et al. (17) and Seyyedi et al. (19) showed that the
uric acid level was associated with SPAP as similar result
was found in this study while this correlation was not ob-
served in Njaman et al. (20) study. Voelkel et al. (10) also
presented positive correlation between RAP and uric acid
level.

Results of this study show that the uric acid level is sig-
nificantly correlated with severity of pulmonary hyperten-
sion based on RAP and MVO2S and the level is increased in
high risk ranked patients. In some of the previous studies,
the uric acid level has been assessed as prognostic factor in
pulmonary hypertension. However, the criterion of sever-
ity of pulmonary hypertension has been different in these
studies and included survival, NYHA functional class and
6MWT. Wensel et al. (13) followed up the serum uric acid
level in idiopathic pulmonary hypertension patients for 6
years and found independent correlation between serum
uric acid level and survival. Bendayan et al. (14) observed a
strong correlation between serum uric acid level and NYHA
functional class and mortality in pulmonary hypertension
patients. In their study, six of the eight hyperuricemia pa-

tients died and all patients in class IV of NYHA functional
class were hyperuricemic. Endothelin receptor antago-
nists are known as a standard treatment for pulmonary
hypertension and they reduce the level of serum uric acid
in these patients with both improving survival and longer
time to clinical worsening (21). Kang et al. (22) observed 19%
increment in the death risk for pulmonary hypertension
patients with hyperuricemia by meta-analysis of serum
uric acid in pulmonary hypertension patients. However,
Voelkel et al. (10) found no significant relationship be-
tween serum uric acid level and prognosis in contrast with
findings of previous investigations and this study.

5.1. Limitations

In this study, patients who received furosemide and al-
lopurinol were not removed from the analysis and their
underlying disease were not considered. It is recom-
mended for future studies to consider larger population in
which patients can be differentiated based on the drug us-
age and underlying disease.
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