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Abstract
Background and objective: Pulmonary hypertension is an assorted state that encompasses a spectrum of diseases
and is categorized into five groups. The registries are necessary for the identification of risk factors, progression of the
disease, outcomes, and effect of treatment strategies on the progression of the disease. The aim of this work was to
identify different groups of PH identified at an Egyptian referral center and to compare the demographic and clinical
characteristics of each group.
Patients and methods: This study included 132 patients who were diagnosed with a right heart catheter in the
Chest Department, Kasr El-Aini Hospital, Faculty of Medicine, Cairo University, in the period from January 2017 to January 2019. Patients were classified into different groups, then received medical treatment accordingly. Demographic
and clinical data were documented. Arterial blood gases, spirometry, and 6-minute walk test (6MWT) were performed.
Results: The mean age of cases was (43.9±13.69) years; the majority of them were females (72.7%). More than half of
the patients (57.5%) had pulmonary artery hypertension (PAH), while 22.7% and 18.3% had pulmonary hypertension
due to chronic thrombo-embolic cause and lung cause respectively. The 1-year survival rate was 81.8%.
Conclusions: The results of the study showed female predominance, the PAH type was the commonest, and the
overall 1-year survival rate was 81.8%.
Keywords: Pulmonary hypertension, Pulmonary arterial hypertension, Registry, Survival rate
Background
The definition of pulmonary hypertension (PH) is elevated mean pulmonary artery pressure (mPAP) more
than 25mmHg at right heart catheterization (RHC). It is
classified into five different 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].
It is a severe, progressive disease associated with significant morbidity and mortality [2]. However, it is a rare
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disease; the registries are necessary for the identification
of risk factors, progression of the disease, outcomes, and
effect of treatment strategies on the progression of the
disease.
For more than two decades, the National Institutes
of Health (NIH) registry has collected data on the
epidemiology of the idiopathic, familial, and anorexigen-associated forms of PAH, providing important
information on survival and prognostic markers among
these patients [3].
In recent years, some registries put into practice the
description of the natural history of PH, raising the
awareness of that silent disease and promoting more
and more options for its discovery and treatment. From
that point of view; the current study brings to light the
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Egyptian experience of a single pulmonary hypertension
center, identifying the demographic and clinical characteristics of different PH groups.

Subjects and methods
Study design and population

A descriptive retrospective study was conducted in the
Chest Department, Kasr El-Aini Hospital, Faculty of
Medicine, Cairo University, in the period from January
2017 to January 2019. It involved 132 cases with pulmonary hypertension. Informed written consent was
obtained from all participants. The ethical committee of
the Faculty of Medicine, Cairo University, approved the
study.
Inclusion criteria

• All patients who were diagnosed by right heart catheter (RHC) to have mean pulmonary artery pressure
(mPAP) ≥25mmHg.
Exclusion criteria

• Patients refusing the procedure of RHC.
Preparation and laboratory evaluation

All patients were subjected to complete history tacking and clinical evaluation, the dyspnea scale according to NYHA association, complete blood picture,
arterial blood gases, spirometry, and 6-minute walk test
(6MWT).
Radiological evaluation

All patients underwent chest high-resolution computerized tomography (HRCT) or CT pulmonary angiography
(CTPA), abdominal ultrasound, and echocardiography
and ventilation/perfusion (VQ) scan.
Right heart catheter

Swan-Ganz catheter (TriOxTM PA Catheter, 8F, 110cm,
J-tip, Heparin coated) was used. In addition to the balloon at the tip for flotation, it consists of an endhole port,
a side-hole port 30 cm from the catheter tip. The pressure
transducer was set to zero level at the mid-thoracic line
with the patient in a supine position, halfway between
the anterior sternum and bed surface, which represents
the level of the left atrium [4].
Under visualization by ultrasound, Swan-Ganz catheter was introduced through the internal jugular vein to
obtain pressure measurements in the right atrium, right
ventricle, pulmonary artery, pulmonary artery wedge
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position. To obtain measurements of pulmonary artery
wedge pressure (PAWP), the balloon was inflated in the
right atrium, from where the catheter was advanced until
it reaches the PAWP position [5].
Repeated inflations and deflations in the wedge position were avoided to avoid pulmonary artery rupture.
Mixed venous oxygen saturation (SvO2) was measured
while the tip of the catheter was in the pulmonary artery,
whereas systemic oxygen saturation was acquired noninvasively by oximetry [6]. Cardiac output was calculated
by the Fick method:
Cardiac output (l∕ min) = oxygen consumption (ml∕ min)
(
(
)
)
∕ ΔA − V O2 × 1.36 × Hemoglobin mg∕dL × 10

where ΔA-V O2 is the arterial-venous oxygen saturation difference and the constant 1.36 is the oxygen-carrying capacity of hemoglobin (expressed in mL O
 2/g Hgb).
In addition to the evaluation of cardiac output, the cardiac index was calculated as the ratio of cardiac output to
body surface area. Pulmonary vascular resistance (PVR)
was calculated as: PVR = mPAP–mean PAWP)/cardiac
output [7]. Pulmonary vascular resistance index (PVRI)
was calculated as the ratio of PVR to body surface area.
Statistical analysis

All statistical calculations were done using computer
programs Microsoft Excel 2003 (Microsoft Corporation,
NY, USA) and SPSS version 17 statistical program (Statistical Package for the Social Science; SPSS Inc., Chicago,
IL, USA). A probability value (p value) less than 0.05 was
considered statistically significant.
All comparisons between two groups were performed
using Student’s t test. P value <0.05 was considered statistically significant.

Results
Patient’s characteristics

This study included 132 patients diagnosed by RHC as
having pulmonary hypertension, most of them were
females (72.7%). The mean age was 43.9±13.69 years
(Table 1). The youngest patients were present in groups 2
and 3 PHT, hence the mean age in these two groups was
28 and 33 years respectively.
Clinical and laboratory evaluation in different groups

In the current study; the most common group was PAH
(57.5%, n=76), followed by CTEPH (22.7%, n=30), group
3 (18.3%, n=24), then group 2 PH due to left ventricular dysfunction (1.5%, n=2) (Table 1). The mean distance
in performing 6MWT was 209±120m. The majority of
cases presented by grade III of dyspnea (60.6%, n=80),
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Table 1 Patients’ characteristics (n=132)
Age (years)

Table 3 Hemodynamic parameters of PAH and CTEPH groups
PAH (n=76)

43.9±13.69

Sex distribution
Female

96 (72.7%)

Male

36 (27.3%)

PHT groups

CTEPH (n=30)

sRAP

13.1±5.5

15.6±7

dRAP

3.6±3.9

5.07±4

mRAP

7.5±5

9.93±5.5

sRVP

85.8±23

81.6±27

Group 1

76 (57.5%)

Group 2

2 (1.5%)

Group 3

24 (18.3%)

Group 4

30 (22.7%)

mPAP

54.29±14.2

50.13±11

PAWP

8.3±2.5

7.87±3.48

Group 1

74%

SvO2%

60.25±12.3

61±12.7

Group 2

100%

CO

4.34±2

4.47±1.68

Group 3

83%

Group 4

60%

Females

Age (years)
Group 1

42.5

Group 2

33

Group 3

23

Group 4

42

Continuous data expressed as mean ± standard deviation
PHT pulmonary hypertension

and the rest of them were grades II and IV (28.7%, n=38
and 10.7%, n=14, respectively) (Table 2).
General and hemodynamic characteristics in PAH
and CTEPH groups and its correlation with survival

The hemodynamic parameters of the two biggest groups
are summarized in (Table 3).
Mean 6MWT distance was 209m±120m. After 1 year,
the mean distance was 244m±127m.
After 1 year follow-up, the overall survival rate in
all cases was 81.8%. All patients (n=2) in group 2 were
still alive, while survival in groups 1, 3, and 4 was 89.4%,
66.6%, and 73.3%, respectively (Table 4). The present
study found the mean age of survivors to be 42.4±14.3
years in PAH and 40.2±9.8 years in CTEPH, while
in the non-survivors, it was 40.7±12.5 years in PAH
(p>0.05) and 47±20.7 years in CTEPH (p>0.05). Moreover, in PAH, the mean 6MWT distance in survivors was
Table 2 Patients’ clinical evaluation (n=132)

dRVP

3.2±4

2.4±3.1

mRVP

38.2±12

33.2±16.8

CI

2.37±1

2.37±0.8

PVR

13.1±8

9.3±4.37

PVRI

7.6±5.5

4.89±2.3

Pressures in mmHg. CO in liters/minute. CI in liters/minute/meter2. PVR in Wood
units. PVRI in Wood units.meter2
Continuous data expressed as mean ± standard deviation

PAH pulmonary arterial hypertension, CTEPH chronic thrombo-embolic
pulmonary hypertension, sRAP systolic right atrial pressure, dRAP diastolic right
atrial pressure, mRAP mean right atrial pressure, sRVP systolic right ventricular
pressure, dRVP diastolic right ventricular pressure, mRVP mean right ventricular
pressure, mPAP mean pulmonary artery pressure, PAWP pulmonary artery wedge
pressure, SvO2 systemic mixed venous oxygen saturation, CO cardiac output,
CI cardiac index, PVR pulmonary vascular resistance, PVRI pulmonary vascular
resistance index

232.9±113.6m while it was 131.2±123m in non-survivors
(p>0.05). On the other hand, the mean 6MWT distance
in survivors with CTEPH was 238.5±100.5m while it was
141±128.4m in non-survivors (p>0.05). Hence, there was
an insignificant role of age and 6MWT in predicting the
survival in each group.
Moreover, considering the relation between survival
and patients’ hemodynamic parameters, we found no statistically significant differences (p>0.05) between survivors and non-survivors (Table 5).

Discussion
Pulmonary hypertension is defined as an increase in
mean pulmonary arterial pressure (mPAP) ≥25 mmHg
at rest as assessed by right heart catheterization (RHC)
[8]. Although 5 PH groups are recognized, the majority of
studies in PH have focused on PAH and CTEPH. The aim
Table 4 Survival rate in 1-year follow-up

NYHA score

PHT groups

Survival

Mortality

II

38 (28.7%)

III

80 (60.6%)

Group 1

89.4%

10.6%

IV

14 (10.7%)

Group 2

100%

0%

6MWD (meters)
Continuous data expressed as mean ± standard deviation
6MWD 6-minute walk distance

209±120

Group 3

66.6%

33.4%

Group 4

73.3%

26.7%

PHT pulmonary hypertension
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Table 5 Comparison between survivors and non-survivors of PAH and CTEPH groups
Parameter

PAH (n=76)

CTEPH (n=30)

Survivors

Non-survivors

p

Survivors

Non-survivors

p

Age

42.4±14.3

40.7±12.5

0.81

40.2±9.8

47±20.7

0.46

6MWD

232.9±113.6

131.2±123

0.116

238.5±100.5

141±128.4

0.139

mPAP

54.35±14.7

53.75±10.6

0.962

50.1±11.39

50.2±13.2

0.951

mRAP

6.9±4.6

12.5±6.9

0.73

8.8±5.1

12.2±6.3

0.21

mRVP

38±12.4

40.2±11.4

0.739

30.5±19.5

38.6±8.6

0.42

PAWP

8.15±2.4

9.7±3.5

0.278

9.2±2.9

5.2±3.1

0.054

SvO2%

60.05±12.2

62±15.2

0.66

63.9±11.5

55.2±14.5

0.32

CI

2.32±1.04

2.9±0.4

0.08

2.4±0.8

2.3±1.03

0.53

PVR

13.7±8.2

7.9±2.7

0.199

8.9±5.1

9.9±3.06

0.94

2

2

Age in years. Distance in meters. Pressures in mmHg. CI in liters/minute/meter . PVRI in Wood units.meter
Continuous data expressed as mean ± standard deviation

PAH pulmonary arterial hypertension, CTEPH chronic thrombo-embolic pulmonary hypertension, 6MWD 6-minute walk distance, mPAP mean pulmonary artery
pressure, mRAP mean right atrial pressure, mRVP mean right ventricular pressure, PAWP pulmonary artery wedge pressure, SvO2 systemic mixed venous oxygen
saturation, CI cardiac index, PVR pulmonary vascular resistance

of this study was to identify different groups of PH and
assess the survival among its different groups.
As mentioned before, the most common group was
PAH (57.5%, n=76), followed by CTEPH (22.7%, n=30),
then group 3 (18.3%, n=24). The least cases were those
of group 2 PH due to left ventricular dysfunction (1.5%,
n=2) because those patients are usually diagnosed and
managed by cardiologists and are not referred to our
center. Group 1 (PAH) had a lower share than in COMPERA (Comparative, Prospective Registry of Newly
Initiated Therapies for Pulmonary Hypertension), a prospective European registry in 28 centers in 6 countries,
in which 71% of all patients had PAH and 29% had nonPAH-PH [8]. On the other hand, in ASPIRE registry that
enrolled 1344 patients, the commonest group was PAH
(49.62%), followed by CTEPH (20%), group 3 (14.7%),
group 2 (12.98%), and the least common was group 5
(2.6%) [9].
Furthermore, the Giessen Pulmonary Hypertension
Registry enrolled 2067 patients; 33.1% had PAH, 14.9%
had PH due to left heart disease, 26.4% had PH due to
lung disease, 22.2% had CTEPH, and 3.4% had group 5
PH [10]. The percentage of PAH in this study was higher
than those of ASPIRE registry and Giessen registry, but
lower than that of COMPERA, which may be due to different sample sizes in each study.
Female predominance was reported in the current
work; 72.7% of the cases were females while 27.3% were
males. That came in accordance with ASPIRE registry, in
which female predominance of 62% was also reported [9].
Moreover, in the Giessen Pulmonary Hypertension Registry, the female percentage was 58.94% with a female-tomale ratio of 1.24:1 [10].

In the same line, the National Registry evaluating the
characterization of Primary Pulmonary Hypertension
(US-NIH) which enrolled 187 PAH patients from 32
centers, women were more frequently affected, with a
female predominance of 63% [3]. Another French registry enrolled 674 PAH cases; females were 65% [11].
In addition, REVEAL registry showed marked female
predominance (80% of PAH) [12]. There was a female
predominance in all registries of PAH, and this can be
explained by the role for hormonal influences (particularly estrogen) in the pathogenesis of PAH, as estrogen
may promote cellular proliferation [13].
Considering the age of patients with PH, the mean age
of all patients in this study was 43±13.69 years which was
lower than that of ASPIRE registry and Giessen registry,
in which the mean age at diagnosis was 59±17 years and
59.6 years respectively [9, 10]. In the same line, French
and REVEAL registries reported higher age of patients,
with a mean age of 50±15 years and 53±14 years, respectively [11, 12].
On the other hand; the mean age of PAH was lower
than the current study, as it was 36±15 and 36±9 years
in US-NIH and Saudi registry respectively [3, 14]. This
could be explained by different demographics and
awareness.
In the present work, 28.7% of cases presented with
grade II dyspnea, 60.6% with grade III dyspnea, and
10.7% with grade IV dyspnea. That came in harmony
with ASPIRE and Giessen registry: dyspnea grade III
counted for 65% of cases in both registries, while grade
IV was 16% and 22%, respectively [9, 10]. Moreover, in
the REVEAL registry, dyspnea grade III was 50% and
grade IV was 5.6% [12]. These differences may be due to a
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lack of awareness and the vague symptoms of PH, which
may delay seeking medical advice.
In the present work, 1-year survival rate in all cases was
81.8%. However, the ratio was different among the different groups; 89.4% in group 1, 100% in group 2, 66.6% in
group 3 and 73.3% in group 4. That came in agreement
with ASPIRE registry, in which the 1-year survival rate
was 88% for group 1, 90% for group 2, 65% for group 3,
89% for group 4, and 84% for group 5 [9].
In the Giessen registry, the 1-year survival rate was
85.5%, with 1-year survival rate of 88.2% for those with
PAH, 86.7% for group 2, 79.5% for patients with group
3, and 89.2% for group 4 [10]. Moreover, in US-NIH and
French registry, the 1-year survival rate was 68% and
89.3%, respectively [3, 11]. The lower rate of survival in
our study could be explained by the presence of advanced
management in the developed countries rather than the
developing countries and delayed seeking of medical
advice in the developing countries. On the other hand,
the higher rate of survival in comparison with US-NIH
was attributed to the fact that that registry was in the era
before the development of specific therapy.
Regarding the hemodynamics, the mean mPAP was
54.29±14.2 mmHg in PAH and 50.13±11 mmHg in
CTEPH. This was similar to other registries [9, 10, 12].
In the present study, there were insignificant roles of
age and 6MWT in predicting the survival in each group,
which came in contrast with the Giessen registry which
stated that the age less than 50 years and 6MWT distance
more than 390 m were predictive of survival [10].

Limitations
The present is study is limited by the small number of
patients in group 2 (PH due to left heart disease). However, as mentioned before, those patients are usually
diagnosed and managed by cardiologists and are not routinely referred to our center.
Conclusions
We concluded that there is a female predominance in
patients diagnosed with PH, the mean age was 43.9±13.6
years, PAH was the most common group (57.5%) and
group 2 PH was the least common (1.5%). Moreover, the
overall 1-year survival rate was 81.8%. Age, 6MWT, and
hemodynamic parameters did not have a significant role
in predicting survival in our study.
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