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BACKGROUND: Pulmonary hypertension (PH) is an idiopathic or sec-
ondary disorder associated with many systemic illnesses. Long-term 
survival in PH depends on the severity and functional class. Several 
new drugs are now available to treat PH, but their impact on clinical 
outcome and survival are not well established.
OBJECTIVES: Evaluate severity parameters and the impact of current 
recommended therapy on survival in PH.
DESIGN: Cross-sectional.
SETTINGS: Tertiary care center.
PATIENTS AND METHODS: The study included adult patients who 
had undergone right heart catheterization since 2012 and were di-
agnosed with pulmonary hypertension. Survival was recorded after 6 
years, at the end of the study. Nine severity variables for PH were as-
sessed including right ventricular size by echocardiogram and pulmo-
nary artery diameter (PA diameter) and the ratio of pulmonary artery 
diameter to ascending aorta diameter (PA/Ao ratio) by CT. 
MAIN OUTCOME MEASURES: Evaluation of severity parameters.
SAMPLE SIZE: 30 patients. 
RESULTS: Twenty-five patients were positive for 8/9 severity parame-
ters. Eight of 30 (26.6%) patients died. In nonsurvivors, right ventricular 
size was increased by 25% (P=.427), pulmonary vascular resistance in-
creased by 29.4% in nonsurvivors (P=.302), the 6-minute walk distance 
decreased by 21% (P=.875), median brain natriuretic peptide increased 
by 96% (P=.890), median GGT and alkaline phosphatase were 3 times 
higher in nonsurvivors (P=.893 and P=.047, respectively) and PA/Ao 
was nonsignificantly decreased in nonsurvivors (P=.373), Survival was 
decreased by a median of 2.3 years in nonsurvivors.
CONCLUSION: Our study identified a subgroup of PH patients with 
NYHA functional class III and above with worsening severity indicators 
who were labeled as a high-risk group. These patients showed continu-
ous deterioration in their clinical status despite escalation of therapy 
with current guidelines. We recommend these high-risk group patients 
be referred for early lung transplantation. 
LIMITATIONS: Low sample size and only a single center. Needs confir-
mation with a larger multicenter trial. 
CONFLICT OF INTEREST: None.
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Pulmonary hypertension (PH) may present as 
a primary idiopathic disorder or as a second-
ary disorder associated with many systemic ill-

nesses.1 Current guidelines define PH as an increase in 
mean pulmonary arterial pressure (mPAP) >25 mm Hg 
at rest as assessed by right heart catheterization (RHC).1 
The clinical classification of PH defines five groups ac-
cording to clinical presentation, pathological findings, 
hemodynamic characteristics and treatment strategy. 
Comparative epidemiological data on the prevalence 
of the different groups of PH are not widely available. 
A group of risk factors have been described including 
genetic mutations (e.g. bone morphogenetic protein 
receptor 2, eukaryotic translation initiation factor 2 al-
pha kinase 4 and potassium channel subfamily K mem-
ber 3), drugs and medical conditions (e.g. heart failure, 
lung diseases and chronic thromboembolic pul monary 
hypertension). RHC is the standard diagnostic tool, but 
a diagnostic algorithm (including echocardiography, 
radiological assessments and blood tests) are recom-
mended before proceeding to RHC. Risk stratification 
of patients with PH includes several parameters (includ-
ing signs of right heart failure, a history of syncope, NT 
(N-terminal) proBNP (brain natriuretic peptide) plasma 
levels, New York Heart Association (NYHA) classification 
and the 6-minute walk distance. The NYHA classification 
provides a simple way of classifying the extent of PH, 
based on their limitations during physical activity from 
I-IV, class IV being the worst.1,2

Factors that may influence long-term survival in PH 
are not well established despite progress in diagnosis 
and management.3-10 Radiological findings of enlarged 
pulmonary artery size on computed tomography (CT) 
of the chest may correlate with the presence of PH but 
does not predict severity.12-16 

In patients with advanced disease NYHA class III 
and above the impact of escalating therapy with cur-
rent guidelines is not well established, several new drugs 
have recently been introduced with claims of significant 
benefit with a huge cost to the health care system, NYHA 
III and above, increased proBNP and dilated right ven-
tricle with increased right ventricular pressure have been 
reported as indicators of poor prognosis. But impact of 
current therapy in reversing the parameters or improv-
ing clinical status not well established.11 In this study, we 
evaluated nine severity parameters of PH and the impact 
of current therapy on these severity parameters and the 
impact on long-term survival in a high-risk group. 

PATIENTS AND METHODS 
The patients were registered in 2012 and treated at King 
Faisal Specialist Hospital and Research Centre (KFSHRC), 

a tertiary care hospital in Riyadh. The enrollment includ-
ed adult patient (>18 years old) who underwent RHC 
and were diagnosed with PH. There were no exclusion 
criteria. Postregistration follow up lasted until 2018, after 
6 years. All of the five PH subgoups were represented 
among the patients.

All patients received treatment for PH that included 
sildenafil, bosentan or macitentan, systemic or inhaled 
prostanoids and anticoagulation, following the standard 
guidelines for management of PH.1 Right-sided cardiac 
catheterization was used to measure mean pulmonary ar-
tery systolic pressure (mPAP, mm Hg), systolic pulmonary 
artery pressure (sPAP, mm Hg), mean pulmonary vascular 
resistance (PVR, Wood units) and left ventricular ejection 
fraction (LVEF, %). Right ventricular size was measured 
by echocardiogram. Pulmonary artery diameter (PA di-
ameter) and the ratio of pulmonary artery diameter to 
ascending aorta diameter (PA/Ao ratio) was measured 
by CT of the chest (Figure 1). Physical assessment in-
cluded the 6-minute walk distance (6MWD). Laboratory 
measurements included Pro-BNP and liver function tests.

The main pulmonary artery (PA) size is typically taken 
at the level of the bifurcation of the main pulmonary ar-
tery perpendicular to the vessel wall. The aortic dimen-
sion of the ascending aorta is taken at the same level 
to calculate the PA to the aortic diameter (PA/Ao) ratio. 
The diameter is determined using the internal diameter 
in the contrast-enhanced image.

Survival was calculated from the time of registry until 
either death of the patient or the end of the study. The 
impact of escalating treatment with recommended cur-
rent guidelines on survival was recorded. 

For statistical data analysis we used SAS version 9.4 
(SAS institute Inc. Cary, NC, USA). Descriptive statistics 
for the continuous variables are reported median and 

Figure 1. Measurement of the main pulmonary artery and ascending aorta at 
the level of bifurcation.
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Figure 2. Age distribution of the study population (n=30).

Table 1. Distribution of patients into five pulmonary 
hypertension groups (n=30).

Pulmonary arterial hypertension 5 (16.6)

   Idiopathic pulmonary artery 
   hypertension 3 (1.0)

   Congenital heart disease (ASD) 1 (3.3)

   Pulmonary capillary 
hemangiomatosis 1 (3.3)

Pulmonary hypertension due to 
left heart disease 0 (0)

Pulmonary hypertension due to 
lung diseases and/or hypoxia 18 (60.0)

   COPD (emphysema) 1 (3.3)

   Bronchiectasis 4 (13.3)

   Interstitial lung fibrosis  13 (43.3)

Chronic thromboembolic 
pulmonary hypertension 1 (3.3)

Pulmonary hypertension with 
unclear and/or multifactorial 
mechanisms

6 (20.0)

   Systemic disorders (Sarcoidosis) 4 (13.3)

   Hematological disorders (Beta 
   thalassemia and sickle cell 
   disease)

2 (6.7)

Data are number (percentage). ASD: atrial septal defect, COPD: chronic 
obstructive pulmonary disease. Based on guidelines of European Respiratory 
Society and American Thoracic Society.

interquartile range (with the exception of age, which 
was normally distributed) and categorical variables are 
summarized as frequencies and percentages. Severity 
variables were correlated with mPAP by the Pearson 
test. Normality was tested using the Shapiro-Wilks test. 
The nonparametric Mann-Whitney U test or the t test 
was used as appropriate to compare variables between 
those who lived and died. The level of statistical signifi-
cance was set at P<.05. 

RESULTS
The mean (SD) age of the 30 patients was 40.4 (12.3) 
years. Males (n=12) were older (n-12, mean [SD], 44.2 
(12.4) years) than females (n=18, mean [SD], 37.9 (11.9) 
years) (Figure 2). Most of the patients had advanced 
disease (8 of 9 positive parameters). A patient with ad-
vanced disease had high risk mortality parameters, in-
cluding mean pulmonary artery pressure >35 mmHg, 
functional class III-IV.  A positive parameter is any pa-
rameter above normal range. The 8 patients (26.6%) 
who died were labelled the high-risk group.

Patients were classified into five groups by type of 
lung disease (Table 1). Patients with pulmonary arte-
rial hypertension (PAH) and chronic thromboembolic 
pulmonary hypertension of groups I and IV were on 
combination therapy, while other patients were initially 
treated with one agent (either sildenafil or macitentan), 
but did not tolerate therapy.

During the follow up the nonsurvivors showed 
significant worsening of 6 parameters despite esca-
lating treatment with current therapeutic guidelines. 
Although differences between survivors and nonsurvi-
vors were not statistically significant, the differences in-
dicated a worsening condition despite escalating treat-
ment according to current guidelines (Figure 3). The 
PA/Ao ratio was higher in survivors but the difference 
was not statistically significant. In 22 patients in whom 
it was measured, LVEF was >55 in 16 survivors and in 
4 who died. In nonsurvivors, right ventricular size was 
increased by 25% (P=.427). The 6-minute walk distance 
was reduced by 21% (299.0 meters in survivors patients 
vs 247 meters in nonsurvivors, P=.875). Differences in 
the 6-minute walk test were not statistically significant 
(Figure 4). Figure 5 shows differences in laboratory val-
ues. While proBNP was 96% higher in nonsurvivors, the 
difference was not statistically significant (P=.890). The 
median value for alkaline phosphatase was three times 
higher in the patients nonsurvivors (Figure 5, P=.047). 
Median survival was 2.3 years less in nonsurvivors com-
pared with survivors despite escalation of therapeutic 
measures. Interstitial lung diseases were present in 13 
patients (Table 2).
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Figure 3. Cardiovascular factors in survivors (n=22) and 
nonsurvivors (n=8) (median, interquartile range, maximum 
and minimum).

DISCUSSION 
Due to the rapid development of new treatment strat-
egies for PH, it has become difficult to assess long-
term survival in these patients. Claims of performance 
and survival benefits are minimal with a huge cost to 
the healthcare system and the individual patients.16-19 

Timely interventions like lung transplant may be de-
layed because of the false security of potential ben-
efits from new treatment strategies.20,21 In our study, we 
found indications of worsening in patients with NYHA 

functional class III and above that might be confirmed 
by a larger sample. Average survival in the high-risk 
subgroup (nonsurvivors) was less than 2.3 years. The 
high-risk patients required frequent hospitalizations and 
escalating treatment interventions but did not derive 
significant benefit in terms of longer survival.

Most of the therapeutic interventions seek to im-
prove the 6MWD, which may show some variation or 
positive response but not have an impact on patient 
survival.22-26 CT chest findings of pulmonary artery size 
are not helpful in assessing severity of PH, but an in-
crease in the PA/Ao ratio has a positive correlation with 
the severity of the disease and poor correlation with 
survival.12-16 Increased PA/Po ratio was probably due to 
a decrease in left ventricular end-diastolic volume and 
stroke volume with increasing PAP that lead to the de-
crease in the aortic diameter hence causing an increase 
in PA/Ao ratio, suggesting an increased severity of the 
illness. The patients who died also had an increased IVC 
diameter and an increased left main bronchus diameter 
of the left main PA branch diameter ratio.
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Figure 4. Six-minute walk test in survivors (n=22) and 
nonsurvivors (n=8) (median, interquartile range, maximum 
and minimum).

Table 2. Interstitial lung diseases among 13 patients.

Idiopathic pulmonary fibrosis 6 (20)

Interstitial lung fibrosis 2nd to 
dermatomyositis 1 (3.3)

Interstitial lung fibrosis 2nd to 
scleroderma 1 (3.3)

Interstitial lung fibrosis 2nd to systemic 
lupus erythematosus 3 (10)

Interstitial lung fibrosis 2nd  Sjogren 
syndrome 1 (3.3)

Interstitial lung fibrosis 2nd  Mixed 
connective tissue disease 1 (3.3)

Data are number (%)

Patients in the high-risk group did not show any sig-
nificant change in clinical status or reversibility in their 
parameters despite escalating the standard therapy, as 
mentioned above. We have a newly developed lung 
transplant program and most of our patients with PH 
are referred out of Saudi Arabia for lung transplanta-
tion because organ availability is sparse. The delay in 
referral for lung transplantation in the high-risk group 
and a false expectation of possible positive outcome 
with newer costly drugs for pulmonary hypertension 
may deny them a chance of a timely lung transplan-
tation. In our opinion, high-risk patients should be 
referred for lung transplantation when a deteriorat-
ing trend in severity parameters is noticed. Escalating 

medical therapy and waiting for a possible beneficial 
outcome carries a huge cost to the healthcare system 
and the patient, while survival is unpredictable. 

The limitations of our study were the low num-
ber of patients and the lack of a control group. The 
results needs to be further substantiated in a larger 
multicenter study. However, our study identified a sub-
group of PH patients with NYHA functional class III and 
above with worsening severity indicators who were 
identified as being at high risk. These patients showed 
continuous deterioration in their clinical status and 
poor survival despite escalation of therapy per current 
guidelines. We recommend that patients in this high-
risk group be referred for an early lung transplantation.
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Figure 5. Laboratory measures  in  survivors (n=22) and nonsurvivors (n=8) (median, interquartile range, maximum and 
minimum).
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