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Abstract:
CONTEXT: Several international studies have described the epidemiology of pulmonary hypertension (PH). 
However, information about the incidence and prevalence of PH in Saudi Arabia is unknown.

AIMS: To report cases of PH and compare the demographic and clinical characteristics of PH due to various 
causes in a Saudi population.

METHODS: Newly diagnosed cases of PH [defined as mean pulmonary artery pressure > 25 mmHg at right heart 
cauterization (RHC)] were prospectively collected at a single tertiary care hospital from January 2009 and June 
2012. Detailed demographic and clinical data were collected at the time of diagnosis, along with hemodynamic 
parameters.

RESULTS: Of the total 264 patients who underwent RHC, 112 were identified as having PH. The mean age 
at diagnosis was 55.8 ± 15.8 years, and there was a female preponderance of 72.3%. About 88 (78.6%) of the 
PH patients were native Saudis and 24 (21.4%) had other origins. Twelve PH patients (10.7%) were classified 
in group 1 (pulmonary arterial hypertension), 7 (6.2%) in group 2 (PH due to left heart disease), 73 (65.2%) 
in group 3 (PH due to lung disease), 4 (3.6%) in group 4 (chronic thromboembolic PH), and 16 (14.3%) in 
group 5 (PH due to multifactorial mechanisms). PH associated with diastolic dysfunction was noted in 28.6% of 
group 2 patients, 31.5% of group 3 patients, and 25% of group 5 patients.

CONCLUSIONS: These results offer the first report of incident cases of PH across five groups in Saudi Arabia.

Key words:
Chronic thromboembolic pulmonary hypertension, interstitial lung disease, left heart disease, pulmonary arterial 
hypertension, sarcoidosis

Pulmonary hypertension (PH), which is defined 
as a mean pulmonary artery pressure (mPAP) 

≥25 mmHg at right heart catheterization (RHC), 
comprises a spectrum of diseases that are 
categorized into 5 groups: Group 1, pulmonary 
arterial hypertension (PAH); group 2, PH due 
to left heart disease (LHD); group 3, PH due to 
lung disease; group 4, chronic thromboembolic 
PH (CTEPH); and group 5, PH with unclear 
multifactorial mechanisms.[1]

Echocardiography is a useful tool for screening 
patients with PH. However, because of 
variability in echocardiographic assessments and 
significant limitations that may lead to over‑ or 
underestimation of systolic pulmonary artery 
pressure, RHC is the gold standard for confirming 
the diagnosis of PH.[2‑4] When seeking to measure 
the magnitude of this problem, such as in the 
context of healthcare plans for disease prevention 
and management, epidemiological studies on 
PH should only be based on gold standard 
measurements of pulmonary artery pressure. For 
more than two decades, the National Institutes of 
Health (NIH) registry has collected data on the 
epidemiologies of the idiopathic, familial, and 
anorexigen‑associated forms of PAH, providing 
important information on survival and prognostic 

markers among these patients.[5,6] In recent years, a 
number of registries across different countries have 
been implemented to describe the natural history 
of PH arising from various causes.[7‑15] Thanks to 
these registries, the worldwide awareness of PH 
has increased substantially.

The true burden of PH in Saudi Arabia remains 
unknown. In the present study, we described a 
prospectively collected cohort of patients newly 
diagnosed (incident cases) with PH based on 
RHC at a single tertiary care hospital in Saudi 
Arabia over 36 months.

Methods

The present work is a descriptive study of 
consecutive patients newly diagnosed with 
PH between January 2009 and June 2012. 
This study was approved by the Institutional 
Review Board/Ethics Committee of the College 
of Medicine, King Saud University, Riyadh, 
Saudi Arabia. All patients understood the 
procedures required to establish the diagnosis, 
and written informed consent was obtained from 
all participants. A standard form was used to 
collect clinical information, including symptoms, 
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smoking history, medication use, environmental history, 
occupational history, family history, and physical findings. 
Detailed blood testing, echocardiography, pulmonary function 
tests (PFTs), 6‑minute walk test (6MWT), polysomnography, 
isotope perfusion scanning, high‑resolution computed 
tomography (HRCT), and computed tomography pulmonary 
angiography were all included in the systemic diagnostic 
evaluation when PH was suspected.

PFTs (PFT Masterscreen; Jaeger, Hoechberg, Germany) were 
performed using standard methodologies, they included 
spirometry, plethysmography, and measurement of the 
diffusion capacity of the lung for carbon monoxide (DLCO).[16‑18] 
The 6MWT was conducted in accordance with ATS guidelines.[19] 
Heart rate, blood pressure, oxygen saturation (SpO2), and the 
Borg dyspnea index[20] were recorded at the beginning and end 
of a 6‑minute walk. At the end of the test, the total distance 
walked (in meters; 6MWD) was documented. The World 
Health Organization (WHO) functional class and data from 
the PFTs and 6MWT were obtained within 2 days of RHC. The 
remaining test results were obtained within 5 days, except for 
those of the polysomnography, which was performed within 
2 months of RHC.

RHC (n  =  264) was performed on resting patients using 
standard techniques[21] in the following cases: When PH 
was suspected on clinical examination, when a marked 
reduction in the predicted diffusion capacity of the lung 
for carbon monoxide (DLCO < 40%) was noted, when oxygen 
desaturation < 88% was evident during the 6MWT, or when 
indicated by the results of chest radiography, computed 
tomography, and/or echocardiography. Vasoreactivity 
testing with intravenous adenosine (in accordance with 
the current guidelines for the diagnosis and treatment of 
PH[4]) was used in group 1 patients; however, none had a 
positive test.

PH‑specific treatments [phosphodiesterase‑5 inhibitors 
(sildenafil), endothelin receptor antagonists (bosentan), and 
prostacyclin analog (nebulized iloprost)] were used alone 

or in combination, as clinically indicated. In addition, 
anticoagulants, diuretics, and oxygen therapy were used 
in accordance with the guidelines for the diagnosis and 
treatment of PH.[4]

Statistical analysis
Descriptive statistics (means, standard deviations, and 
percentages) were used to describe the quantitative and 
categorical study variables. One‑way analysis of variance was 
used for continuous measures. Kruskal–Wallis tests were used 
for nonparametric data. Chi‑square statistics and the Fisher’s 
exact test were used for categorical data. Student’s t test for 
independent samples was applied to compare mean values 
of continuous variables. A two‑sided P < 0.05 was considered 
statistically significant. SPSS version 18 (SPSS Inc., Chicago, 
IL, USA) was used for all analyses.

Results

A total of 264 consecutive patients underwent RHC for suspected 
PH, of which, 152 patients did not have PH, instead 107 of them 
were diagnosed with interstitial lung disease (ILD), 21 with 
sarcoidosis, 7 with connective tissue diseases (CTDs) without 
ILD, 4 with sleep disorders, 3 with pulmonary embolism, 3 
with bronchiectasis, 2 with chronic obstructive pulmonary 
disease (COPD), 2 with heart disease, and 1 each with hemolytic 
anemia, human immunodeficiency virus infection, and 
pulmonary Langerhans cell histocytosis. The cases of ILD without 
PH (n = 107) included 38 with idiopathic pulmonary fibrosis (IPF), 
35 with CTD‑associated usual interstitial pneumonia (UIP), 
16 with nonspecific interstitial pneumonia (NSIP), 8 with 
chronic hypersensitivity pneumonitis, 5 with respiratory 
bronchiolitis (RB)‑associated ILD, 4 with unclassified fibrosis, and 
1 with lymphocytic interstitial pneumonia (LIP).

In addition, 112 patients were identified as having PH and were 
divided into five groups according to the current classification 
of PH[1] [Figure 1]. Comparison of demographic characteristics, 
clinical characteristics, and hemodynamic data among the five 
groups at the time of diagnosis are shown in Table 1.

Patients who underwent RHC for suspected PH = 264

Without PH
n = 152

Incident cases of PH     n = 112

Idiopathic PAH     n = 6
CTD                      n = 5
Hemolytic             n = 1

Systolic LHD      n = 4 
Diastolic LHD    n = 2 
Valvular LHD     n = 1

COPD                  n = 5 
Bronchiectasis     n = 3 
ILD                      n = 61 
Sleep disorders    n = 2
CTD                     n = 2

Sarcoidosis    n = 15
Castleman’s   n = 1

Group 1
PAH
n = 12

Group 2
PH-LHD
n = 7

Group 3
PH-lung
n = 73

Group 4
CTEPH
n = 4

Group 5
PH-multifactorial
n = 16

Figure 1: The study cohort [RHC, right heart catheterization; PH, pulmonary hypertension; PAH, pulmonary arterial hypertension; LHD, left heart disease; CTEPH, chronic 
thromboembolic pulmonary hypertension; CTD, connective tissue disease; COPD, chronic obstructive lung disease; and ILD, interstitial lung disease]
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Overall, the mean age at diagnosis was 55.8  ± 15.8 years 
and there was a female preponderance of  72.3%. 
Eighty‑eight (78.6%) of the patients were native Saudis 
and 24 (21.4%) had other origins (Yemen = 6, Pakistan = 6, 
Sudan = 4, Egypt = 4, and 1 each from Syria, Jordan, India, 
and Nigeria). More than half (55.4%) of the patients had severe 
symptoms at presentation (WHO functional class III). A total 
of 36.7% patients received oral monotherapy (sildenafil or 
bosentan), 16.1% received oral combination therapy, and 
9% received a prostacyclin analog combination (nebulized 
iloprost with sildenafil and/or bosentan). At diagnosis, 
Doppler echocardiography was available for 92 of the 
112 patients (82%) with PH (group 1  =  12, group 2  =  7, 
group 3 = 57, group 4 = 4, and group 5 = 12). However, systolic 
pulmonary artery pressure values can only be measured in 
68 patients (group 1 = 10, group 2 = 6, group 3 = 39, group 4 = 4, 
and group 5 = 9).

In the PAH group (group 1), 6 patients were diagnosed 
with idiopathic PAH, 5 with CTDs [systemic lupus 
erythematosus (n = 3), polymyositis/dermatomyositis (n = 1), 
and undifferentiated CTD (n  =  1)] and 1 with hemolytic 
anemia. Characteristically, these patients were younger 
and had shorter symptom durations than the other groups. 
Moreover, their hemodynamic data differed markedly from 
those of the other groups.

The patients with PH associated with LHD (group 2) 
included 4 patients with systolic dysfunction, 2 with diastolic 
dysfunction, and 1 with valvular disease. In comparison with 
the other groups, they were significantly older and had a 
markedly reduced walking distance. As was expected in this 
group, their pulmonary capillary wedge pressure (PCWP) 
was markedly elevated. Five patients have elevated 
transpulmonary gradient (TPG: mPAP‑mPCWP) >15 mmHg.

Table 1: Demographic and clinical  characteristics among  the five groups with pulmonary hypertension
Variables Group 1 

PAH n=12
Group 2 
LHD n=7

Group 3 
Lung n=73

Group 4 
CTEPH n=4

Group 5 
Multifactorial  n=16

P value

Age, years 38.7±15.4 70.1±3.8 59.3±14.6 56.2±12.1 47.0±12.0 <0.0001
Female patients, n (%) 10 (83.3) 5 (71.4) 52 (71.2) 3 (75) 11 (68.7) 0.932
WHO FC: II/III/IV 1/11/0 1/6/0 34/36/3 2/2/0 6/7/3 0.039
Symptom duration, months  7.3±5.7 22.7±32.4 41.1±63.7 18.5±7.8 25.4±25.6 0.062
Ever smoker, n (%) 2 (16.7) 0 12 (16.7) 0 2 (11.8) 0.668
Baseline PFTs†

FVC, % 77.0±15.5 56.2±9.2 56.8±21.0 68.4±17.0 60.3±17.2 0.025
FEV1, % 74.8±15.5 59.2±10.4 62.2±22.4 69.4±10.8 60.4±17.7 0.130
FEV1/FVC, ratio 83.5±5.3 87.2±9.9 89.6±10.2 86.4±9.6 84.6±12.5 0.043
TLC, % 78.4±17.6 72.5±20.7 60.5±18.2 63.2±7.9 66.5±19.2 0.041
DLCO, % 59.6±16.2 75.5±48.1 37.1±20.9 62.1±9.8 41.6±15.7 0.001

Baseline 6MWT‡

Distance, m 338.8±97.7 245.1±103.0 270.2±122.7 328.3±151.2 269.9±147.6 0.404
Initial SpO2, % 98.0±1.9 96.4±2.8 94.9±3.2 95.0±0 93.5±4.1 0.003
Lowest SpO2, % 90.0±7.0 91.0±6.6 85.8±7.9 89.7±1.2 84.5±7.5 0.131
Initial borg score 0.5±0.9  0.9±1.2 0.9±1.5  1.0±1.0 0.7±1.0 0.913
Final borg score 4.5±2.8  3.8±2.3 4.2±2.9  4.0±1.0 3.7±2.8 0.922

Echocardiography¶ n=12 n=7 n=57 n=4 n=12
SPAP, mm Hg 74.8±28.1 62.3±19.3 57.7±24.6 69.2±23.1 59.5±22.7 0.312

Hemodynamic data
mPAP, mmHg 51.2±16.0 39.6±9.7 32.1±8.1 44.2±9.5 34.8±8.1 <0.0001
RAP, mmHg 11.1±4.2 10.7±1.6 6.9±3.9 11.8±6.8 7.5±5.1 0.002
sPAP, mmHg 76.8±26.5 59.6±16.1 48.4±13.9 71.0±22.1 51.2±13.7 <0.0001
PCWP, mmHg 11.0±2.6 21.0±7.7 13.3±5.8 14.5±11.6 13.2±6.3 0.079
PVR, Wood units 12.8±8.2 4.9±4.4 4.4±3.2 7.4±5.0 4.2±2.3 0.035
CO, L/min 4.3±2.9 4.3±1.1 5.1±1.5 4.4±1.2 5.6±1.4 0.046

Treatment, n (%)§

Oral monotherapy 5 (41.7) 0 29 (39.7) 1 (25) 6 (37.5) ‑
Oral combination 4 (33.3) 0 9 (12.3) 0 5 (31.3) ‑
Prostacyclin combination 2 (16.7) 0 7 (9.6) 0 1 (6.3) ‑

Data are presented as means±standard deviations or numbers (with percentages), Abbreviations: PAH = Pulmonary arterial hypertension; LHD = Left heart 
disease; CTEPH = Chronic thromboembolic pulmonary hypertension; WHO = World Health Organization; FC = Functional class; PFTs = Pulmonary function 
tests; FVC = Forced vital capacity; FEV1 = Forced expiratory volume in one second; TLC = Total lung capacity; DLCO=diffusion capacity of lung for carbon 
monoxide; 6MWT = Six‑minute walk test; SpO2 = oxygen saturation by pulse oximetry; SPAP = systolic pulmonary artery pressure by echocardiography; mPAP 
= Mean pulmonary artery pressure; RAP = Right arterial pressure; sPAP = Systolic pulmonary artery pressure; PCWP = Pulmonary capillary wedge pressure; 
PVR = Pulmonary vascular resistance; and CO = Cardiac output, †One patient each from group 1, group 3, and group 4 could not perform the pulmonary function 
tests, and 1 patient in group 1, 13 patients in group 3, 1 patient in group 4, and 2 patients in group 5 could not perform the DLCO test, ‡One patient in group 1, 
2 patients in group 3, and 1 in group 4 could not perform the 6MWT. ¶Two patients in group 1, 1 patient in group 2, 18 patients in group 3, and 3 patients in group 5 
systolic pulmonary artery pressure could not be measured, §Including phosphodiesterase‑5 inhibitors (sildenafil), endothelin receptor antagonists (bosentan), and 
prostacyclin analog (nebulized iloprost)
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Almost half (49.3%) of the patients with PH due to lung 
disease (group 3) presented with severe dyspnea (WHO 
functional class III). Their average symptom duration was 
41 months, which was longer than that of any other group. As 
83.6% of the patients in group 3 were diagnosed with ILD, it is 
not surprising that a restrictive ventilatory detect with a marked 
decrease in DLCO was the predominant physiological pattern 
observed in this group. In addition, the walking distance was 
markedly reduced and significant oxygen desaturation was 
noted during the walking test. The ILDs observed in this group 
included 21 patients with IPF, 21 with CTD‑associated UIP, 
13 with NSIP, 4 with chronic hypersensitivity pneumonitis, 
and 1 each with LIP and RB‑associated ILD. Post‑capillary 
PH (defined as mPAP > 25 mmHg and PCWP > 15 mmHg) was 
noted in 23 patients (3 with COPD, 19 with ILDs, and 1 with 
sleep disorder). Forty‑two patients with ILD were identified 
as having pre‑capillary PH (defined as mPAP  > 25 mmHg 
and PCWP < 15 mmHg). Comparisons of demographic and 
clinical characteristics among ILD patients with pre‑capillary 
PH and those without PH are shown in Table 2. No difference 
in age, gender, functional class, or disease duration was noted 
between those with and without pre‑capillary PH. However, 
ILD patients with pre‑capillary PH showed significant 
reductions in DLCO and walking distance as compared to 
those without PH. Sildenafil therapy was given to patients 
with IPF and chronic hypersensitivity pneumonitis, whereas 
sildenafil, bosentan, and nebulized iloprost were offered to 
patients with CTD‑associated ILD, either as a monotherapy 
or in combination, as clinically indicated.

The patients with CTEPH (group 4) represented the 
smallest number of patients with PH. Their baseline 
PFTs, 6MWT, and hemodynamic data resembled those of 
group 1 patients [Table 1]. One patient was a candidate for 
pulmonary endarterectomy, but was lost to follow‑up. Another 
patient had an operable distribution, but did not undergo 
surgery due to significant underlying comorbidities. The 
remaining two cases had inoperable CTEPH.

The  cases  o f  PH assoc ia ted  wi th  mul t i fac tor ia l 
mechanisms (group 5) comprised 15 patients with sarcoidosis 
and 1 with Castleman’s disease. Physiological impairments 
in the lung (i.e., restrictive ventilatory defects with decreases 
in DLCO) were noted, but this was not unexpected given that 
all of our sarcoidosis patients had associated parenchymal 
lung involvements. Post‑capillary PH was noted in 4 (26.7%) 
of the sarcoidosis patients (1 with stage II disease and 3 
with stage IV, as assessed using the modified Scadding[22] 
classification system). Comparisons of demographic and clinical 
characteristics among sarcoid patients with pre‑capillary PH 
and those without PH are shown in Table 3. No between‑group 
difference was observed in age, gender, or functional class. 
However, sarcoid patients with PH tended to have a longer 
duration of symptoms as compared to sarcoid patients without 
PH (P  = 0.07). Stage IV disease was more frequent among 
patients with PH as compared to without PH. However, 
no significant difference was noted in the distribution of 
sarcoidosis stage among sarcoid patients with and without PH. 
The walking distance and oxygen saturation were markedly 
reduced among the sarcoid patients with PH as compared to 
non‑PH patients.

During the study period, 13 patients with PH died [2 in 
group 1 (CTD associated PAH), 9 in group 3, and 2 in group 5] 
and 24 patients were lost to follow‑up (1 in group 1 (idiopathic 
PAH), 5 in group 2, 14 in group 3, 1 in group 4, and 3 in 
group 5). Survival analysis was not performed due to the small 
sample size and the low numbers of deaths in each group.

Discussion

The present study is the first to report incident cases of 
PH (diagnosed based on RHC) across five classification 
groups in a Saudi Arabian population. This study represents 
the experience of a single center, whereas the previously 
reported international registries[7‑15] are multicenter, and there 
are differences in the numbers of cases and study durations. 
Nonetheless, some important extrapolations can be made.

PAH is a rare disease comprising of a group of heterogeneous 
disorders that share similar pathological changes (vascular 
proliferation and remodeling of small pulmonary arteries) 

Table 2: Comparison of demographic and clinical 
characteristics among  interstitial  lung disease 
patients with pre‑capillary pulmonary hypertension 
and  those without pulmonary hypertension
Variables Without PH* 

n=102
With PH*  

n=42
P value

Age, years 57.8±14.1 59.4±15.4 0.435
Female patients, n (%) 61 (59.8) 30 (71.4) 0.254
WHO FC: II/III/IV 54/46/2 23/18/1 0.962
Symptom duration, 
months

36.2±37.6 39.4±56.6 0.933

Ever smoker, n (%) 25 (24.5) 9 (21.4) 0.830
Baseline PFTs†

FVC, % 64.4±18.7 59.3±20.5 0.143
FEV1, % 69.8±18.8 64.5±21.7 0.077
FEV1/FVC, ratio 88.9±9.2 89.8±6 0.431
TLC, % 64.8±19.2 59.0±16.0 0.080
DLCO, % 45.4±7 36.8±19.2 0.014

Baseline 6MWT‡

Distance, m 329.5±120.3 281.1±113.1 0.011
Initial SpO2, % 96.1±2.8 95.0±3.4 0.078
Lowest SpO2, % 87.8±6.3 85.3±8.1 0.132
Initial Borg score 0.9±1.6 0.9±1.5 0.998
Final Borg score 4.0±3.0 4.4±3.0 0.493

Hemodynamic data
mPAP, mmHg 18.9±3.8 31.7±8.1 <0.0001
RAP, mmHg 4.4±3.0 6.2±3.3 0.002
sPAP, mmHg 29.8±5.9 47.6±14.7 <0.0001
PCWP, mmHg 7.9±3.0 10.0±3.4 0.001
PVR, Wood units 2.6±1.2 5.4±3.7 <0.0001
CO, L/min 4.9±1.1 4.7±1.2 0.326

Data are presented as means±standard deviations or numbers (with 
percentages), See the legend to Table 1 for an explanation of the 
abbreviations that are not listed below, Abbreviations: PH = Pulmonary 
hypertension, *Nineteen patients in the pre‑capillary PH group and 5 patients 
in the without‑PH group were not included because their PCWP was>15 
mmHg, †One patient in the PH group could not perform the pulmonary function 
tests, and 7 patients in the without‑PH group and 8 patients in the PH group 
could not perform the DLCO test, ‡ Three patients in the without‑PH group could 
not perform the 6MWT. 
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and result in progressive dyspnea, right ventricular failure, 
and death.[1,23,24] Worldwide, up to 70% of group 1 PAH 
cases have been attributed to idiopathic and PAH‑associated 
CTD.[7,10,14,15] In the present study, although group 1 contained 
a relatively small number of cases, almost all of them were 
related to idiopathic and PAH‑associated CTD. Moreover, 
in agreement with the other registries,[7,8,10] our PAH patients 
were predominantly women, younger, and showed severe 
functional classes at presentation. Interestingly, the interval 
between symptom onset and diagnosis among the PAH 
patients in our study (average, 7 months) was markedly 
shorter compared to that in the other registries (average, 
24 months).[7,10,11] One possible explanation for this is that our 
patients lacked the factors that reportedly contribute to delayed 
diagnosis recognition, such as symptom onset < 36 years of age, 
history of obstructive airways disease, sleep apnea, walking 
distance < 250 meters, mean right atrial pressure < 10 mmHg, 
or pulmonary vascular resistance (PVR) <10 Wood units.[25] Sex, 
race/ethnicity, and geographic region were not associated with 
delayed PAH recognition.[25] During the study period, 2 of the 
PAH‑associated CTD patients died; due to the limited number 
of patients, however, survival analysis could not be performed.

PH due to LHD (group 2) is one of the most common causes 
of PH. It can be caused by left ventricular (LV) systolic or 
diastolic dysfunction, or by valvular disease (predominantly 
mitral valve disorders). Echocardiographic identification of 
patients with an LV ejection fraction (EF) <50% or left‑sided 
valvular disease as a cause of PH is usually straightforward. 
However, a subgroup of patients with diastolic heart failure 
may present with progressive dyspnea, peripheral edema, and 
pulmonary congestion, and the ejection fraction obtained by 
echocardiography is well preserved in these patients.[26] This 
frequently occurs in older patients with comorbidities, such 
as obesity, hypertension, diabetes mellitus, atrial fibrillation, 
and/or coronary artery disease.[27,28] Such patients may 
require invasive testing, including RHC and/or left heart 
catheterization; these can provide measurements of PCWP, 
PVR, and LV end‑diastolic pressure, particularly when the 
pretest probability of heart failure with preserved ejection 
fraction is intermediate.[4,29] Other reports have indicated that 
an elevated TPG (>12 mmHg) suggests intrinsic changes in 
pulmonary circulation that are termed as “reactive PH.”[4] In the 
present study, 71% of our PH‑LHD patients were found to have 
elevated TPG > 15 mmHg, PCWP > 15 mmHg, and PVR > 3 
Wood units, suggesting a mixed pattern of pre‑capillary PH 
with diastolic dysfunction. Presently, there is no established 
treatment protocol for group 2 PH. Thus, large‑scale studies are 
needed to determine the best therapeutic modality to prevent 
the development or progression of pulmonary vascular disease, 
hopefully leading to improvements in the quality of life and 
survival rate among PH‑LHD patients.

In the present study, the largest cohort of PH patients 
distributed to group 3 (PH‑lung). Notably, our center 
devotes significant time and resources to the study of diffuse 
parenchymal lung disorders. Thus, our data are clearly skewed 
by the number of ILD cases (83.5%), and patients suffering 
from PH associated with other respiratory diseases may have 
been missed. ILD is a heterogeneous group of disorders with 
similar clinical, radiological, and physiological aberrations that 
diffusely affect the lung parenchyma. Although ILD comprises 
of more than 100 distinct entities, the majority of ILD cases 
come from idiopathic interstitial pneumonias, CTD‑associated 
ILD, sarcoidosis, and hypersensitivity pneumonitis. However, 
because of the plethora of possible mechanisms, PH related to 
sarcoidosis falls into group 5 (the multifactorial category, see 
below).[1] PH in the context of ILD is associated with significant 
morbidity and mortality. As such, it is essential that we 
understand the changes that occur in the pulmonary vascular 
structure and function, leading to PH via various forms of ILD. 
The pathogenesis of ILD‑associated PH is complex; it may 
include vascular remodeling due to chronic hypoxia, fibrotic 
destruction of the pulmonary vasculature, inflammation, 
thrombotic angiopathy, oxidant‑antioxidant imbalance, 
cytokines, growth factors, and others.[30,31] Diagnosing PH in 
the setting of ILD can be very challenging, as manifestations 
are subtle and commonly share similar symptoms until signs 
of right heart failure develop.[30] This may explain why half 
of our group 3 patients presented with severe functional 
classes (III–IV). However, we do not know when the PH 
developed in our patients, as ILD and PH were simultaneously 
diagnosed in the same setting. This could explain why group 3 
had the longest symptom durations as compared to the other 
groups. The baseline PFTs, 6MWT, and hemodynamic data 

Table 3: Comparison of demographic and clinical 
characteristics among sarcoid patients with 
pre‑capillary pulmonary hypertension and  those 
without pulmonary hypertension
Variables Without PH 

n=21
With PH*  

n=11
P value

Age, years 48.7±13.2 47.8±1 0.619
Female patients, n (%) 12 (57.1) 9 (81.8) 0.163
WHO FC: II/III/IV 9/12/0 7/3/1 0.142
Symptom duration, months 25.0±60.4 29.3±26.7 0.070
Ever smoker, n (%) 5 (23.8) 0 (0) 0.078
Sarcoidosis stage: II/III/IV 16/1/4 5/0/6 0.107
Baseline PFTs†

FVC, % 71.6±13.7 67.5±15.1 0.606
FEV1, % 70.8±13.2 67.1±14.6 0.351
FEV1/FVC, ratio 82.5±7.9 84.9±10.0 0.204
TLC, % 74.0±18.0 66.9±19.4 0.137
DLCO, % 47.6±18.4 42.6±15.1 0.333

Baseline 6MWT
Distance, m 408.4±107.8 313.4±112.7 0.028
Initial SpO2, % 96.6±2.1 93.4±4.1 0.013
Lowest SpO2, % 87.7±13.3 85.6±8.0 0.142
Initial Borg score 1.2±1.8 0.4±0.5 0.546
Final Borg score 3.5±2.6 3.4±2.6 0.857

Hemodynamic data
mPAP, mmHg 19.4±3.7 34.1±5.1 <0.0001
RAP, mmHg 4.6±2.8 6.0±4.1 0.359
sPAP, mmHg 28.9±5.4 49.9±9.4 <0.0001
PCWP, mmHg 7.7±3.9 9.6±3.6 0.120
PVR, Wood units 2.5±0.7 4.8±2.5 0.002
CO, L/min 4.9±1.2 5.8±1.5 0.128

Data are presented as means±standard deviations or numbers (with 
percentages), See the legends to Tables 1 and 2 for an explanation of the 
abbreviations, *Four patients in the pre‑capillary PH group were not included 
because their PCWP was>15 mmHg, †One patient each in the with‑ and 
without‑PH groups could not perform the DLCO test.
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in group 3 resembled those of group 5, largely because the 
majority of group 5 patients were diagnosed with parenchymal 
sarcoidosis. When ILD patients with pre‑capillary PH were 
compared to ILD patients without PH, no difference in age, 
gender distribution, functional class, or symptoms duration 
was noted. In the PH group, the DLCO and the walking distance 
were significantly reduced as compared to those in patients 
without PH, but neither of these physiological variables was 
sensitive or specific enough to predict PH in the context of ILD.

Post‑capillary PH was noted in 31.5% of the group 3 patients, 
two‑third of whom had been diagnosed with ILD; this 
underscores the importance of detecting diastolic dysfunction 
as a possible cause of worsening dyspnea, particularly when 
there is no significant change in the physiological parameters 
that would suggest an alternative diagnosis. On the other 
hand, the presence of normal PCWP among ILD patients with 
pre‑capillary PH does not necessarily exclude LV diastolic 
dysfunction. Exercise, volume challenge with saline, and 
vasodilation therapy has been suggested for the diagnosis of 
occult diastolic dysfunction in PH‑LHD, but these options are 
limited by the lack of standardization and limited knowledge 
regarding abnormal responses to these tests.[29,32] Thus, the 
value of these tests in the context of ILD is yet unclear, and 
future studies will be needed to explore the incidence of occult 
LV dysfunction and whether it has prognostic implications 
among ILD patients.

Despite the similarity in clinical manifestations and pathogenic 
mechanisms between PAH and PH associated with ILD, 
PH‑specific therapy has not been shown to improve exercise 
capacity in IPF or systemic sclerosis patients with ILD 
complicated by PH.[33,34] Nonetheless, there may be a subset 
of patients who could benefit from PH‑targeting therapy, 
and future studies will be needed to determine that group of 
patients (if any) should be treated.

Information about the incidence and prevalence of 
CTEPH (group 4) is unknown. Recently, the Spanish registry 
reported an estimated incidence and prevalence of 0.9 and 
3.2 cases per million adult inhabitants, respectively.[10] In the 
present study, the CTEPH patients represented a minority 
group as compared to the others, either because they were 
substantially misdiagnosed or because they were not referred 
for consideration of pulmonary endarterectomy, which is the 
only curative treatment currently established for this group. The 
required surgical intervention is not available in our center, but 
in the absence of significant comorbidities, candidate patients are 
referred to other centers with considerable surgical experience. 
The potential benefit of treating CTEPH patients with PH‑specific 
therapy has not been clearly established, but published studies 
suggest that these therapies may benefit inoperable patients and 
those with persistent PH after endarterectomy.[35‑38]

In group 5, multifactorial PH associated with sarcoidosis was 
the most common disease. The incidence and prevalence of 
PH in sarcoidosis patients has range of 5.7‑73.8%, depending 
on the definition of PH, diagnostic methodology, patient 
ethnicity, institution, and world region.[39‑46] In the present 
study, the incidence of PH (both pre‑ and post‑capillary) 
among patients newly diagnosed with sarcoidosis was 41.7%. 
Although PH associated with sarcoidosis commonly occurs in 

advanced stage IV disease, previous study from this region[46] 
as well as the present report, shows that sarcoidosis can occur 
even in stage II disease. Furthermore, apart from the marked 
reduction in walking distance noted in our sarcoidosis patients 
with PH, the other physiological variables failed to show any 
significant difference as compared to sarcoidosis patients 
without PH. Similar findings were noted in (group 3) ILD 
patients, emphasizing that the clinical suspicion of PH should 
be high particularly in the context of diffuse parenchymal 
lung disorders. Treatment of sarcoid patients with PH with 
PH‑specific agents has not been clearly established, but 
retrospective analyses and small case series[47‑50] have suggested 
that there may be potential benefits in some patients. Future 
studies will be needed to determine that sarcoidosis patients 
would be most likely to respond to these agents.

In conclusion, we herein described a cohort of patients 
diagnosed with PH based on RHC at a single center in Saudi 
Arabia. The small size of the study population limited the 
study and prevented us from determining survival rates for 
the different groups of PH. However, we hope that the present 
data will improve awareness of this devastating condition and 
potentially motivate other centers to actively participate in a 
multicenter national registry.

Acknowledgments

The authors thank the patients who participated in the study, and 
are grateful to Professor Mohammed S. Al‑Hajjaj, Professor Feisal A. 
Al‑Kassimi, Professor Abdulaziz H. Alzeer, DrHadil A. Al‑Otair, and 
DrAbdalla Ibrahim for providing patients for this study; to respiratory 
technicians Rowena Dugena and RofelSulam for performing various 
physiological studies; to research assistants Ayan Ibrahim and 
ZeilaZabala for their excellent monitoring of patient data; and to Mimi S. 
Gurrea‑Villamil for assistance in preparing the manuscript. The authors 
also thank Actelion Pharmaceuticals, Ltd. (Riyadh, Saudi Arabia) for 
partial funding of our research assistants in the interstitial lung disease 
and pulmonary hypertension center at King Khalid University Hospital, 
College of Medicine, King Saud University, Riyadh, Saudi Arabia.

References

1. Simonneau G, Robbins IM, Beghetti M, Channick RN, Delcroix M, 
Denton CP, et al. Updated clinical classification of pulmonary 
hypertension. J Am Coll Cardiol 2009;54:S43‑54.

2. Arcasoy SM, Christie JD, Ferrari VA, Sutton MS, Zisman DA, 
Blumenthal NP, et al. Echocardiographic assessment of pulmonary 
hypertension in patients with advanced lung disease. Am J Respir 
Crit Care Med 2003;167:735‑40.

3. Hachulla E, Gressin V, Guillevin L, Carpentier P, Diot E, Sibilia J, 
et al. Early detection of pulmonary arterial hypertension in 
systemic sclerosis: A French nationwide prospective multicenter 
study. Arthritis Rheum 2005;52:3792‑800.

4. Galie N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, 
Barbera JA, et al. Guidelines for the diagnosis and treatment of 
pulmonary hypertension: The Task Force for the Diagnosis and 
Treatment of Pulmonary Hypertension of the European Society 
of Cardiology (ESC) and the European Respiratory Society (ERS), 
endorsed by the International Society of Heart and Lung 
Transplantation (ISHLT). Eur Heart J 2009;30:2493‑537.

5. Rich S, Dantzker DR, Ayres SM, Bergofsky EH, Brundage BH, 
Detre KM, et al. Primary pulmonary hypertension. A national 
prospective study. Annals of internal medicine 1987; 107:216‑23.

6. D’Alonzo GE, Barst RJ, Ayres SM, Bergofsky EH, Brundage BH, 
Detre KM, et al. Survival in patients with primary pulmonary 



Alhamad, et al.: Pulmonary hypertension in Saudi Arabia

84 Annals of Thoracic Medicine - Vol 8, Issue 2, April-June 2013

hypertension. Results from a national prospective registry. Ann 
Intern Med 1991;115:343‑9.

7. Humbert M, Sitbon O, Chaouat A, Bertocchi M, Habib G, 
Gressin V, et al. Pulmonary arterial hypertension in France: 
Results from a national registry. Am J Respir Crit Care Med 
2006;173:1023‑30.

8. Jing ZC, Xu XQ, Han ZY, Wu Y, Deng KW, Wang H, et al. Registry 
and survival study in chinese patients with idiopathic and familial 
pulmonary arterial hypertension. Chest 2007;132:373‑9.

9. Peacock AJ, Murphy NF, McMurray JJ, Caballero L, Stewart S. 
An epidemiological study of pulmonary arterial hypertension. 
Eur Respir J 2007;30:104‑9.

10. Escribano‑Subias P, Blanco I, Lopez‑Meseguer M, Lopez‑Guarch CJ, 
Roman A, Morales P, et al. Survival in pulmonary hypertension 
in Spain: Insights from the Spanish registry. Eur Respir J 
2012;40:596‑603.

11. Badesch DB, Raskob GE, Elliott CG, Krichman AM, Farber HW, 
Frost AE, et al. Pulmonary arterial hypertension: Baseline 
characteristics from the REVEAL Registry. Chest 2010;137:376‑87.

12. Benza RL, Miller DP, Gomberg‑Maitland M, Frantz RP, 
Foreman AJ, Coffey CS, et al. Predicting survival in pulmonary 
arterial hypertension: Insights from the Registry to Evaluate 
Early and Long‑Term Pulmonary Arterial Hypertension Disease 
Management (REVEAL). Circulation 2010;122:164‑72.

13. Humbert M, Sitbon O, Yaici A, Montani D, O’Callaghan DS, Jais X, 
et al. Survival in incident and prevalent cohorts of patients with 
pulmonary arterial hypertension. Eur Respir J 2010;36:549‑55.

14. Hurdman J, Condliffe R, Elliot CA, Davies C, Hill C, Wild JM, 
et al. ASPIRE registry: Assessing the Spectrum of Pulmonary 
hypertension Identified at a Referral centre. Eur Respir J 
2012;39:945‑55.

15. McGoon MD, Miller DP. REVEAL: A contemporary US pulmonary 
arterial hypertension registry. Eur Respir Rev 2012;21:8‑18.

16. Macintyre N, Crapo RO, Viegi G, Johnson DC, van der 
Grinten CP, Brusasco V, et al. Standardisation of the single‑breath 
determination of carbon monoxide uptake in the lung. Eur Respir 
J 2005;26:720‑35.

17. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, 
Coates A, et al. Standardisation of spirometry. ERJ 2005;26:319‑38.

18. Wanger J, Clausen JL, Coates A, Pedersen OF, Brusasco V, 
Burgos F, et al. Standardisation of the measurement of lung 
volumes. Eur Respir J 2005;26:511‑22.

19. ATS Committee on Proficiency Standards for Clinical Pulmonary 
Function Laboratories. ATS statement: Guidelines for the 
six‑minute walk test. Am J Respir Crit Care Med 2002;166:111‑7.

20. Borg GA. Psychophysical bases of perceived exertion. Med Sci 
Sports Exerc 1982;14:377‑81.

21. Cook LB, Morgan M. Pulmonary artery catheterisation. Ann Acad 
Med Singapore 1994;23:519‑30.

22. Scadding JG. Prognosis of intrathoracic sarcoidosis in England. 
A review of 136 cases after five years’ observation. Br Med J 
1961;2:1165‑72.

23. Rubin LJ. Primary pulmonary hypertension. N Engl J Med 
1997;336:111‑7.

24. Runo JR, Loyd JE. Primary pulmonary hypertension. Lancet 
2003;361:1533‑44.

25. Brown LM, Chen H, Halpern S, Taichman D, McGoon MD, 
Farber HW, et al. Delay in recognition of pulmonary arterial 
hypertension: Factors identified from the REVEAL Registry. Chest 
2011;140:19‑26.

26. Lam CS, Roger VL, Rodeheffer RJ, Borlaug BA, Enders FT, 
Redfield MM. Pulmonary hypertension in heart failure with 
preserved ejection fraction: A community‑based study. J Am Coll 
Cardiol 2009;53:1119‑26.

27. Robbins IM, Newman JH, Johnson RF, Hemnes AR, Fremont RD, 
Piana RN, et al. Association of the metabolic syndrome with 
pulmonary venous hypertension. Chest 2009;136:31‑6.

28. Thenappan T, Shah SJ, Gomberg‑Maitland M, Collander B, 
Vallakati A, Shroff P, et al. Clinical characteristics of pulmonary 
hypertension in patients with heart failure and preserved ejection 
fraction. Circ Heart Fail 2011;4:257‑65.

29. Guazzi M, Borlaug BA. Pulmonary hypertension due to left heart 
disease. Circulation 2012;126:975‑90.

30. Behr J, Ryu JH. Pulmonary hypertension in interstitial lung 
disease. Eur Respir J 2008;31:1357‑67.

31. Patel NM, Lederer DJ, Borczuk AC, Kawut SM. Pulmonary 
hypertension in idiopathic pulmonary fibrosis. Chest 
2007;132:998‑1006.

32. Hoeper MM, Barbera JA, Channick RN, Hassoun PM, Lang IM, 
Manes A, et al. Diagnosis, assessment, and treatment of 
non‑pulmonary arterial hypertension pulmonary hypertension. 
J Am Coll Cardiol 2009;54:S85‑96.

33. Le Pavec J, Girgis RE, Lechtzin N, Mathai SC, Launay D, 
Hummers LK, et al. Systemic sclerosis related pulmonary 
hypertension associated with interstitial lung disease: Impact 
of pulmonary arterial hypertension therapies. Arthritis Rheum 
2011;63:2456‑64.

34. Zisman DA, Schwarz M, Anstrom KJ, Collard HR, Flaherty KR, 
Hunninghake GW. A controlled trial of sildenafil in advanced 
idiopathic pulmonary fibrosis. N Engl J Med 2010;363:620‑8.

35. Reichenberger F, Voswinckel R, Enke B, Rutsch M, El Fechtali E, 
Schmehl T, et al. Long‑term treatment with sildenafil in chronic 
thromboembolic pulmonary hypertension. Eur Respir J 
2007;30:922‑7.

36. Cabrol S, Souza R, Jais X, Fadel E, Ali RH, Humbert M, 
et al .  Intravenous epoprostenol in inoperable chronic 
thromboembolic pulmonary hypertension. J Heart Lung 
Transplant 2007;26:357‑62.

37. Jais X, D’Armini AM, Jansa P, Torbicki A, Delcroix M, 
Ghofrani HA, et al. Bosentan for treatment of inoperable chronic 
thromboembolic pulmonary hypertension: BENEFiT (Bosentan 
Effects in iNopErable Forms of chronIc Thromboembolic 
pulmonary hypertension), a randomized, placebo‑controlled trial. 
J Am Coll Cardiol 2008;52:2127‑34.

38. Hughes RJ, Jais X, Bonderman D, Suntharalingam J, Humbert M, 
Lang I, et al. The efficacy of bosentan in inoperable chronic 
thromboembolic pulmonary hypertension: A 1‑year follow‑up 
study. Eur Respir J 2006;28:138‑43.

39. Arcasoy SM, Christie JD, Pochettino A, Rosengard BR, 
Blumenthal NP, Bavaria JE, et al. Characteristics and outcomes 
of patients with sarcoidosis listed for lung transplantation. Chest 
2001;120:873‑80.

40. Baughman RP, Engel PJ, Meyer CA, Barrett AB, Lower EE. 
Pulmonary hypertension in sarcoidosis. Sarcoidosis Vasc Diffuse 
Lung Dis 2006;23:108‑16.

41. Bourbonnais JM, Samavati L. Clinical predictors of pulmonary 
hypertension in sarcoidosis. Eur Respir J 2008;32:296‑302.

42. Handa T, Nagai S, Miki S, Fushimi Y, Ohta K, Mishima M, et al. 
Incidence of pulmonary hypertension and its clinical relevance 
in patients with sarcoidosis. Chest 2006;129:1246‑52.

43. Nunes H, Humbert M, Capron F, Brauner M, Sitbon O, 
Battesti JP, et al. Pulmonary hypertension associated with 
sarcoidosis: Mechanisms, haemodynamics and prognosis. 
Thorax 2006;61:68‑74.

44. Shorr AF, Helman DL, Davies DB, Nathan SD. Pulmonary 
hypertension in advanced sarcoidosis: Epidemiology and clinical 
characteristics. Eur Respir J 2005;25:783‑8.

45. Sulica R, Teirstein AS, Kakarla S, Nemani N, Behnegar A, 
Padilla ML. Distinctive clinical, radiographic, and functional 
characteristics of patients with sarcoidosis‑related pulmonary 
hypertension. Chest 2005;128:1483‑9.

46. Alhamad EH, Idrees MM, Alanezi MO, Alboukai AA, Shaik SA. 
Sarcoidosis‑associated pulmonary hypertension: Clinical features 
and outcomes in Arab patients. Ann Thorac Med 2010;5:86‑91.



Alhamad, et al.: Pulmonary hypertension in Saudi Arabia

Annals of Thoracic Medicine - Vol 8, Issue 2, April-June 2013 85

47. Fisher KA, Serlin DM, Wilson KC, Walter RE, Berman JS, 
Farber HW. Sarcoidosis‑associated pulmonary hypertension: 
Outcome with long‑term epoprostenol treatment. Chest 
2006;130:1481‑8.

48. Milman N, Burton CM, Iversen M, Videbaek R, Jensen CV, 
Carlsen J. Pulmonary hypertension in end‑stage pulmonary 
sarcoidosis: Therapeutic effect of sildenafil? J Heart Lung 
Transplant 2008;27:329‑34.

49. Barnett CF, Bonura EJ, Nathan SD, Ahmad S, Shlobin OA, 
Osei K, et al. Treatment of sarcoidosis‑associated pulmonary 

hypertension. A two‑center experience. Chest 2009;135:1455‑61.
50. Baughman RP, Judson MA, Lower EE, Highland K, Kwon S, 

Craft N, et al. Inhaled iloprost for sarcoidosis associated 
pulmonary hypertension. Sarcoidosis Vasc Diffuse Lung Dis 
2009;26:110‑20.

How to cite this article: Alhamad EH, Cal JG, Alfaleh HF, Alshamiri 
MQ, AlBoukai AA, AlHomida SA. Pulmonary hypertension in Saudi 
Arabia: A single center experience. Ann Thorac Med 2013;8:78-85.
Source of Support: Nil, Conflict of Interest: None declared.

ERRATUM

Annals of Thoracic Medicine January-March 2013; Vol 8; Issue 1

Page No. 38-45.

Title: Multiplex protein profiling of bronchoalveolar lavage in idiopathic pulmonary fibrosis 
and hypersensitivity pneumonitis

Authors:
Willems Stijn, E Verleden Stijn, M Vanaudenaerde Bart, Wynants Marijke, Dooms Christophe, 
Yserbyt Jonas, Somers Jana, K Verbeken Eric1, M Verleden Geert, A Wuyts Wim
Departments of Pathophysiology and 1Histology Kahtolieke Universiteit Leuven and University  
Hospital Gasthuisberg, Leuven, Belgium

Should read as
Authors:
Stijn Willems, Stijn E Verleden, Bart M Vanaudenaerde, Marijke Wynants, Christophe Dooms, 
Jonas Yserbyt, Jana Somers, Eric K Verbeken1, Geert M Verleden, Wim A Wuyts
Departments of Pathophysiology and 1Histology Kahtolieke Universiteit Leuven and University  
Hospital Gasthuisberg, Leuven, Belgium

The error is regretted
- Chief Editor, ATM

Avinash
Rectangle


