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Abstract
Background. The prevalence of primitive pulmonary arterial hypertension (PAH) in patients with human 
immunodeficiency virus infection (HIV) is estimated at approximately 0.5%, significantly higher than in the 
general population.

Objectives. This study aimed to assess the echocardiographic modifications in HIV-associated pulmonary 
arterial hypertension (PAH).

Material and methods. A group of 117 patients, aged under 16, with horizontally transmitted HIV staged 
according to the U.S. Center for Disease Control and Prevention criteria, were included in this prospective 
study, with echocardiographic abnormalities in 79 children. The study group consisted of 27 HIV-infected 
patients with PAH, while the control group consisted of 38 patients with normal ultrasound features. The 
diagnostic criterion for PAH was the presence of a  mean pulmonary artery pressure above 25 mm Hg, 
determined at 2 consecutive measurements having at least 6 months distance between them. All subjects 
underwent a  complex echocardiographic assessment, including assessment of left and right ventricular 
hypertrophy and evaluation of left ventricular function, associated with determination of the immunologi-
cal stage.

Results. We recorded the presence of PAH in 27 patients (23.08%), in whom an average value of  
31.48 mm Hg was recorded for pulmonary artery pressure. All patients had mild forms of PAH. Age, gender 
and immunological stage showed no significant differences in the PAH group compared to patients in the 
control group. Right ventricular hypertrophy was encountered in 95.23% and left ventricular hypertrophy in 
88.88% of the patients with PAH. Left ventricular dysfunction, a complication of pulmonary hypertension, 
was relatively rare (11.11%).

Conclusions. In children with HIV infection, PAH is present in a relatively mild form and does not correlate 
with the clinical and immunological stage of HIV infection, evolving as a seemingly primitive condition.
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Introduction

The prevalence of primitive pulmonary arterial hyper-
tension (PAH) in patients with human immunodeficiency 
virus infection (HIV) is estimated at approximately 0.5%, 
significantly higher than in the general population. The 
improvement in the survival rates of these patients, as 
a  result of the introduction of highly active antiretro-
viral treatment (HAART) and of a better control of infec-
tious intercurrences, increases the associated transmission  
risks and the importance of this pathology.1 Similarly to 
primitive pulmonary arterial hypertension, the condi-
tion associated with HIV infection has a  very complex 
pathogenesis, being characterized by abnormal vasomo-
tor response of the pulmonary vascular bed, pulmonary 
angiogenesis disorders and disorders of cellular ion chan-
nels.2 Restrictive and obstructive ventilatory dysfunction 
caused by recurrent pulmonary infections, hypoxia and 
secondary pulmonary hypertension, other viral infec-
tions, and cocaine and intravenous drug use can be added.3

According to European guidelines, PAH is defined as 
an increase in mean pulmonary arterial pressure above 
25 mm Hg at rest, as assessed by cardiac catheterization. 
The present guidelines of the European Society of Car-
diology indicate the invasive determination of pulmo-
nary artery pressure using right heart catheterization as 
the gold standard for establishing the diagnosis of PAH4 
However, we should not forget that cardiac catheteriza-
tion is associated with a significantly higher risk of HIV-
infection transmission in this population, therefore the 
routine use of this method, especially for those patients, 
should be avoided. Instead, echocardiography (a non-in-
vasive and repeatable method) presents numerous advan-
tages (safe, non-invasive, painless, inexpensive), becom-
ing an extremely useful tool not only for screening but 
also for monitoring the disease, while other non-invasive 
tests such as clinical examination, X-ray or ECG can only 
raise the suspicion of PAH. 

The objective of this study was to assess the echocardio-
graphic characteristics of PAH in children with horizon-
tally transmitted HIV.

Patients and methods

Our study is a  prospective, longitudinal and cohort 
study, conducted over a period of 5 years in the Infectious 
Diseases Clinic I, Tirgu Mures, Romania.

The study population was comprised of children with 
diagnosed HIV infection monitored by the aforemen-
tioned center. The inclusion criteria were the presence of 
HIV infection with documented horizontal transmission 
and age under 16 years. The exclusion criteria were the 
presence of congenital cardiac malformations, vertical 
transmission of the HIV infection and lack of coopera-
tion with ultrasound examination during the study. The 

patient population consisted of 117 HIV-infected children 
in whom cardiac ultrasound was performed at baseline 
and repeated during the 5-year follow-up (at 6-month in-
tervals), divided into 2 groups: 79 children with echocar-
diographic abnormalities and 38 children without echo- 
cardiographic abnormalities. The study group consisted 
of 27 HIV-infected patients with PAH, while the control 
group consisted of 38 patients with normal ultrasound 
features.

The PAH study group was defined taking into account 
the dominant PAH pathology. Cases where PAH was sec-
ondary to other cardiac pathology were excluded.

The diagnosis of the HIV infection was confirmed ba- 
sed upon 2 second generation ELISA tests for HIV1 and 
HIV2 antibodies and confirmed by Western Blot.

Clinical and immunological staging, needed for strati-
fication of the study population and for assessment of the 
correlations between the severity of cardiac involvement 
and the stage of the HIV infection, was done using the 
1993 CDC Centers for Disease Control and Prevention 
(CDC) Atlanta criteria.5

The echocardiographic examination was performed 
using M mode (mono-dimensional), 2D (2-dimensional), 
spectral Doppler and color Doppler echocardiography. 
The following parameters characterizing the ventricu-
lar function and structure were monitored: left and right 
ventricular mass, left ventricular ejection fraction and 
fractional shortening, presence and severity of valvular 
regurgitation at aortic, mitral, pulmonary and tricuspid 
levels, ventricular wall thickness (tricuspid annular plane 
systolic excursion – TAPSE). Pulmonary artery pressure 
measurements in the study group were performed us-
ing Bernoulli’s equation applied to the regurgitant flow 
across the tricuspid valve in systole. In the case of asso-
ciated pulmonary regurgitation, color Doppler measure-
ment of the regurgitant flow across the pulmonary valve 
made possible the assessment of diastolic pressure in the 
pulmonary artery. The ultrasound study of the pulmo-
nary valve sometimes made possible diagnosis of PAH.

The diagnostic criterion for PAH was the presence of 
a mean pulmonary artery pressure above 25 mm Hg at 
rest, determined at 2 consecutive measurements having 
at least 6 months distance between them.4

We considered the measurements performed in the 
absence of acute or chronic respiratory infections when 
the restrictive or obstructive dysfunction of the pulmo-
nary parenchyma may have led to hypoxia and changes 
in pulmonary vascular resistance. No adjustments were 
required for body weight criteria in children.6

Statistical analysis

Statistical analysis was performed with GraphPad In-
Stat 2003 software. The data was considered statistically 
significant for p < 0.05. Mean, minimum, and maximum 
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values, standard deviation and confidence intervals were 
calculated for all the parametric data samples. Gauss-
ian distribution was determined using the Kolmogorov-
Smirnov formula, the value obtained having to be higher 
than 0.10. If the obtained value was lower, we changed 
the parameter data into nonparametric data or we used 
tests for nonparametric data (Mann-Whitney test) for the 
analysis of two independent samples.

For the statistical analysis of parametric values we used 
Student’s t test to analyze 2 dependent or independent 
samples, and we used the t test with Welch’s correction 
when significant differences were recorded in the stan-
dard deviations of the study. 

Nonparametric data samples were statistically ana-
lyzed using Fisher’s exact test for smaller groups and c2 

test for larger groups, with or without Yates’s correction, 
p < 0.05 being considered significant. Correlation be-
tween non-parametric unpaired samples was calculated 
using the Spearman correlation coefficient. In the case of 
paired data, the Wilcoxon test was used.

The study was approved by the institution’s Ethics 
Committee.

Results

Epidemiological data

The gender distribution in the entire study group was 
balanced (49.58% males/50.42% females). The mean age 
of the children with HIV infection in the study group was 
14.03 ± 0.23 years.

Analysis of the mean age of the children in the 2 groups 
did not show statistically significant differences between 
the groups (15.03 ± 0.28 years in the group with pulmo-
nary hypertension vs 15.21 ± 0.41 years in the control 
group). 

In the PAH group we found a higher prevalence of the 
disease in female patients (17 patients, 62.96%) than in 
male (10 patients, 37.03%). However, the gender distribu-

tion of patients did not differ significantly from the con-
trol group (24 patients, 63.16% and 14 patients, 36.84%) 
(Fisher’s test p = 1.00).

Staging of HIV infection 

According to CDC Atlanta criteria the distribution into 
groups of clinical and immunological severity staging 
(LT-CD4 depletion) did not show statistically significant 
differences between the groups (p = 0.51 for clinical sta-
ging and p = 0.296 for immunological staging).5

Echocardiographic changes  
in the study groups

The examinations in the study group revealed multiple 
echocardiographic aspects. The recorded changes were 
cumulative for the duration of the study and were not al-
ways evident on the first evaluation of the patient. We re-
corded echocardiographic abnormalities in a number of 
79 children (67.52%) from the study group. As previously 
mentioned, the changes observed were left ventricular 
systolic dysfunction, left ventricular hypertrophy, pulmo-
nary hypertension, right ventricular hypertrophy, dilated 
cardiomyopathy and pericardial collections. Thirty-eight 
(32.48%) patients had normal ultrasound features over the 
entire period and were designated as the control group.

Variable PAH were encountered in 16 other patients out 
of the 79 with echocardiographic abnormalities; all these 
patients had dilated cardiomyopathy. The diagnostic cri-
teria in this lot and, respectively, the criteria for exclusion 
from the PAH study group were: ejection fraction below 
40% and increased left ventricle end-systolic and end-
diastolic diameters.6 Although the increase of the mean 
pressure in the pulmonary artery was significant in this 
lot (mean value 34.31 mm Hg), patients with dilated car-
diomyopathy were not included in the PAH study group, 
as in their case the pressure change was considered to be 
a consequence of the systolic dysfunction pertaining to 
dilated cardiomyopathy (Fig. 1).

Fig. 1. Distribution of 
dominant ultrasound 
features
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Measurement (PAH group/
control group) Result Standard deviation Confidence interval n Student t test

Mean PA pressure (mm Hg)
31.48 4.63 ± 1.74 27

p < 0.0001
17.33 3.61 ± 2.24 24

PA flow (m/s)
0.97 0.23 ± 0.08 27

p = 0.07
1.07 0.20 ± 0.09 34

LV diastolic diameter (cm)
4.28 0.44 ± 0.18 23

p = 0.961
4.27 0.52 ± 0.17 34

LV systolic diameter (cm)
2.58 0.64 ± 0.20 23

p = 0.163*
2.8 0.37 ± 0.12 34

IVS diastolic thickness (cm)
1.02 0.27 ± 0.11 22

p = 0.478*
0.98 0.14 ± 0.04 36

IVS systolic thickness (cm)
1.30 0.28 ± 0.11 22

p = 0.672*
1.27 0.19 ± 0.066 34

LVPW diastolic thickness (cm)
0.97 0.29 ± 0.12 22

p = 0.241*
0.89 0.15 ± 0.05 36

LVPW systolic thickness (cm)
1.26 0.33 ± 0.14 22

p = 0.560*
1.31 0.3 ± 0.1 34

LA (cm)
3.07 0.49 ± 0.26 13

p = 0.158*
2.81 0.53 ± 0.213 24

RA (cm)
4.66 0.56 ± 0.31 27

p < 0.0001
3.02 0.44 ± 0.29 22

RV (cm)
2.41 0.32 ± 0.2 27

p < 0.0001
1.78 0.29 ± 0.12 23

EF (%)
65.50% 8.38 ± 3.35 24

p = 0.937
69.88% 8.07 ± 2.63 36

FS (%)
33.52% 7.65 ± 3.06 24

p = 0.922
33.70% 6.29 ± 2.11 34

LV weight (g)
153.78 44.97 ± 24.97 14

p = 0.611
143.70 62.78 ± 27.51 20

Features of the PAH group

Twenty-seven patients, representing 23.08% of the en-
tire pediatric group studied, constituted the subgroup of 
patients with PAH. 

The evaluation of the clinical and immunological sta-
tus of HIV infection in patients with PAH compared to 
the control group, did not show statistically significant 
differences regarding the clinical or immunological stag-
ing (Table 1).

The echocardiographic characteri- 
stics of patients in the group diagno- 
sed with PAH and those in the control 
group are summarized in Table 2. 

Mean pulmonary arterial pressure 
was 31.48 ± 1.74 mm Hg, compared 
to 17.33 ± 2.24 mm Hg in the control 
group (p < 0.0001).

Analyzing the severity of the 
pulmonary arterial hypertension syndrome in rela-
tion to the mean values of pulmonary arterial pres-
sure (25–40 mm Hg = mild, 41–70 mm Hg = moder-
ate, over 70 mm Hg = severe), we observed that all 
children with pulmonary hypertension associated 
with HIV infection showed mild forms. No more than 
15 patients had values above 30 mm Hg, of which  
8 had repeated mean values above 37 mm Hg.

Due to increased resistance in the pulmonary vascu-
lar bed, lower flow velocities were recorded in the pul-

Clinical and 
immunological 
categories

Clinical staging Immunological staging

A B C 1 2 3

PAH group 14 12 1 14 11 2

Control group 16 18 4 21 10 7

Fisher’s exact test p = 0.51 p = 0.296

Table 1. Clinical and immunological staging of patients with PAH vs patients in the control group

Table 2. Echocardiographic characteristics in children and adolescents with horizontally acquired HIV infection and PAH vs. the control group

PA – pulmonary artery; LV – left ventricle; IVS – interventricular septum; PW – posterior wall; LA – left atrial diameter; RA – right atrial diameter; RV – right 
ventricle diameter; EF – ejection fraction; FS – fractional shortening; *Welch correction.
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monary artery trunk, the mean value in the study group 
being 0.97 ± 0.08 m/s vs 1.07 ± 0.09 m/s in the control 
group. However, the difference was not statistically sig-
nificant because the pursued hemodynamic parameter is 
not important for a positive diagnosis or for the severity 
of the syndrome.

We did not note statistically significant differences 
between left ventricular diastolic diameter in children 
with pulmonary hypertension compared to the control 
group (p = 0.9610). Similarly, left ventricular systolic di-
ameter did not differ significantly between the 2 groups  
(p = 0.163). The analysis of the left ventricular wall thick-
ness in patients with HIV infection associated with pul-
monary hypertension showed normal 
values. Thus, the mean diastolic in-
terventricular septum thickness did 
not differ significantly between the 
2  groups (p = 0.478) and neither did 
the mean systolic interventricular sep-
tum thickness differ significantly be-
tween the 2 groups (p = 0.672).

The posterior wall diastolic thick-
ness of the left ventricle did not differ significantly be-
tween the 2 groups (p = 0.241) and neither did the systolic 
posterior wall thickness present statistically significant 
differences (p = 0.560). 

The recorded diameter of the left atrium in the 2 groups 
indicated normal values and no statistically significant 
differences (p = 0.158).

Measurements indicated a greater size of the right atri-
um than normal, relative to body weight, in 16 of the pa-
tients in the study group, representing 59.25%. The mean 
diameter of the right atrium had higher values in patients 
with pulmonary hypertension than in those in the con-
trol group, and the difference was highly significant sta-
tistically (p < 0.0001).

Ultrasound examination revealed right ventricular 
dilatation in 25 of the children in the study group, repre-
senting 92.59%.

The mean diameter of the right ventricle was much 
greater in the group of children with PAH compared to 
those in the control group, and the difference was highly 
significant statistically (p < 0.001).

As a  result of the absence of any morphological and 
functional alteration of the left ventricle in patients with 
pulmonary hypertension, there were no modifications 
observed at the level of the aortic valve (Table 3).

Thus, the aortic and mitral insufficiency did not differ 
significantly in frequency in the 2 groups studied (14.8% vs 
10.52%, p = 0.709, and 7.40% vs 0%, p = 0.168, respectively). 
In all cases, color Doppler echocardiography revealed mi-
nor aortic insufficiency, with minimal regurgitation.

Increased pressure in the pulmonary vascular bed did 
not lead to a higher prevalence of pulmonary valvular in-
sufficiency (40.74% vs 42.10%, p = 1.00). While pulmo-
nary insufficiencies were mild in the control group, con-

sidered normal variants, we recorded 4 cases of moderate 
pulmonary insufficiency and 2 cases of severe pulmonary 
insufficiency (Table 3) in patients with PAH.

At least moderate tricuspid regurgitation was detected 
in the majority of patients with pulmonary hypertension 
associated with HIV infection (25 patients, 92.59%). The 
presence of a significant tricuspid regurgitation is an im-
portant sign of pulmonary hypertension and makes pos-
sible the measurement of the mean pressure in the pul-
monary artery with the aid of the Doppler examination 
if there is any pulmonary valve stenosis. Differences be-
tween the groups in the severity of tricuspid regurgitation 
are highly significant statistically (p < 0.0001). (Table 3)

Patients with PAH syndrome showed no decrease in 
ejection fraction and the difference from the control group 
was not statistically significant in relation to ejection 
fraction (p = 0.973). In accordance with normal ejection 
fraction, the shortening fraction in patients with pulmo-
nary hypertension associated with HIV infection was 
also within normal limits, differences from the control 
group being not statistically significant (p = 0.922). 

Only 3 of the children with pulmonary hypertension, 
representing 11.11% of the population of the study group, 
had minimal left ventricular dysfunction (between 50 
and 55%). These 3 children had mean values of pulmo-
nary artery pressure between 35 and 38 mm Hg, the 
highest in the study group.

In terms of normal left ventricular morphological data, 
its mass did not show pathological values, the difference in 
mass being insignificant as opposed to the control group.

Discussions

Pulmonary hypertension had an increased prevalence 
in our study group, being encountered in 23.08% of pa-
tients. Literature data indicates a  similar prevalence of 
seemingly primitive pulmonary hypertension associated 
with HIV infection: values of 27% reported by Cicalini 
et al. in patients without clinical symptoms suggestive of 
PAH, in whom, as in the present study, echocardiography 
was the only diagnostic method.7 

In recent years, different new echocardiographic tech-
niques, such as speckle tracking or tissue Doppler, have 
been introduced and have demonstrated their superior-
ity in the complex assessment of ventricular global and 
regional function. Several parameters calculated with the 

Condition
n (%)

Fisher’s test
PAH group control group

Aortic insufficiency 4 (14.81) 4 (10.25) p = 0.709

Mitral insufficiency 2 (7.40) 0 p = 0.168

Pulmonary insufficiency 11 (40.74) 16 (42.10) p = 1.00

Tricuspid insufficiency 25 (92.59) 10 (26.31) p < 0.0001

Table 3. The prevalence of valvular insufficiencies in patients with PAH vs. patients in the control group



A. Georgescu, et al. Echocardiography in children with HIV480

help of these new technologies, such as tricuspid annu-
lar plane systolic excursion (TAPSE), tricuspid annular 
systolic velocity (S )̀, right ventricular myocardial perfor-
mance index (MPI) and right ventricular fractional area 
changes (FAC), have been demonstrated to be correlated 
with the severity of the PAH and the underlying heart 
disease, as indicators of the global function of the right 
ventricle, and are nowadays largely used for evaluation of 
children with PAH8,9 However, they might have a  lower 
value for the assessment of the regional function in dif-
ferent segments of the ventricles. In such cases, informa-
tion provided by the speckle tracking technology might 
help in identifying the pattern of ventricular wall motion, 
based on a determination of free wall longitudinal peak 
systolic strain and right ventricular global longitudinal 
peak systolic strain as markers of right ventricular defor-
mation associated with progression of the PAH.10,11

However, similar to our study, recently published lit-
erature data indicates that conventional echo parameters 
characterizing the right ventricle function, as determined 
with 2D echocardiography, proved to remain valuable to 
assess the severity of PAH in children with congenital 
heart diseases.12 Since in our study the etiology of the 
PAH was related to the presence of HIV infection, we did 
not record major congenital heart diseases in these pa-
tients, therefore the assessment of the regional function 
of the right ventricle could be considered less important 
than the assessment of the global function. Therefore, 
the parameters determined by 2D echocardiography and 
routine Doppler assessment, like in our study, could be 
considered valuable enough to represent a standard rou-
tine test for screening of the presence of PAH in the HIV-
infected children population.

Other studies report lower values of the prevalence of 
the disease: severe forms in 4.9% of cases, in a group of 
children with peripartum exposure to HIV infection.13 

The prevalence of primitive PAH associated with HIV 
was estimated at 0.5% in the pre-HAART stage14, a level 
that remains unchanged at 0.46%, and post-HAART15, 
the data provided being highly suggestive of the ineffec-
tiveness of this therapy regarding the incidence and se-
verity of PAH associated with HIV infection.4 The most 
pertinent explanation regarding the high differences in 
the prevalence cited above, is the difference related to the 
diagnostic methods used.15

On the other hand, it is possible that the results of the 
present study on PAH in children and adolescents with 
HIV infection record differences relative to those report-
ed in similar studies, due to the unique epidemiological 
characteristic of the studied group, which consisted of 
patients belonging to a pediatric group with horizontally 
acquired HIV infection at a young age, in the late 1980s, 
due to a well-known epidemiological accident in Roma-
nia. The infection of this pediatric group with the F1 sub-
type of HIV is also special, the subtype representing less 
than 1% of the strains circulating globally.16

In the present study, LT-CD4 depletion was not a risk 
factor for the development of PAH syndrome. The litera-
ture also indicates the lack of a  statistically significant 
correlation between pulmonary hypertension associated 
with HIV infection and the stage of HIV cell immuno-
suppression, although some authors report the value of 
LT-CD4 as an independent factor in the prognosis of sur-
vival in PAH associated with HIV infection and a more 
severe evolution of the syndrome in patients in the AIDS 
stage of the disease.16

Ultrasound examination revealed right ventricular dil-
atation in 92.59% of patients in the PAH group, in whom 
the mean diameter of the right ventricle was significantly 
higher compared to those in the control group. This fea-
ture is part of the ultrasound picture characteristic of 
this condition, which does not present particularities in 
HIV infected children and adolescents. It is worth men-
tioning that in the study group there was a subgroup of 
patients with dilated cardiomyopathy or isolated right 
ventricular dilatation without elevated pressure in the 
pulmonary artery. On the other hand, out of 79 patients 
with echocardiographic abnormalities, there were pa-
tients with systolic dysfunction, dilated cardiomyopathy, 
and other dominant pathologies. Those patients can also 
manifest a degree of ultrasound-identifiable pulmonary 
hypertension.17

A careful reporting to body weight is required to estab-
lish normal or pathological left ventricular dimensions.6 
Pathological values were recorded in 2 patients who had 
mild concentric hypertrophy of the posterior and septum 
wall. The data presented indicates a  lack of association 
between pulmonary hypertension syndrome and left ven-
tricular hypertrophy. This finding is important because 
left ventricular hypertrophy is one of the most impor-
tant cardiac changes in HIV infection with well-studied 
pathogenetic mechanisms.18 The lack of this association 
most likely indicates the intervention of different patho-
genetic mechanisms or an individual susceptibility to 
developing pulmonary hypertension.19 Some data in the 
literature indicates susceptibility determined by certain 
genes of the major complex of histocompatibility in caus-
ing pulmonary hypertension syndrome20 in which patho-
genesis is intricate and multifactorial, and with the most 
frequently-mentioned pathogenetic mechanisms respon-
sible for being vasculitic changes caused by the media-
tors of the inflammation and by the interaction of viral 
proteins with the molecular structure of the host which 
stimulates the production of endothelin-1 and platelet 
growth factor.1,2

We did not find alterations in the myocardial contrac-
tile function in the PAH group, despite the fact that the 
presumed pathogenetic mechanisms of both this syn-
drome and those of myocardial dysfunction have many 
common links, represented mostly by the immune re-
sponse to the released inflammatory mediators in re-
sponse to HIV infection.15,21 On the other hand, there are 
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studies in adults that report a prevalence of 25% of left 
ventricular dysfunction in patients with pulmonary hy-
pertension associated with HIV infection.22 

An important limitation of this  study is the lack of 
comparison between echocardiographic data and cathe-
terization data, knowing that there is a variation between 
echocardiographically and hemodynamically assessed 
pulmonary artery pressure and that the diagnosis of PAH 
is established with the use of right heart catheterization 
according to current guidelines.4

Conclusions

Pulmonary hypertension syndrome in children with ho- 
rizontally acquired HIV infection is common and it evol- 
ves as a  seemingly primitive condition of mild severity 
without being influenced by the clinical and immuno-
logical stage of the HIV infection.
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