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ABSTRACT

Background: The aim of this study was to evaluate cardiac manifestations in HIV-infected
children in India.

Methods & Results: This was a cross sectional study in HIV positive children up to 18 years of
age, at a pediatric HIV clinic of a tertiary care teaching hospital in Maharashtra, India. All chil-
dren were thoroughly evaluated by detailed history, clinical examination and underwent chest
radiograph, Electrocardiograph (ECG) and Echocardiography (Echo). Of the 119 children who
completed the study, the male to female ratio was 1.16:1 and the mean age was 8.9 years (range
2-17 years). Cardiovascular abnormalities were detected in 74 (62%) children on echo and /
or ECG. Echocardiography alone was abnormal in 44 (36.9%) children and ECG alone was
abnormal in 56 (47%) children. However, only 11(9%) children were found to be symptomatic
with cardiovascular symptoms. The prevalence of Congenital Heart Disease (CHD) was 4%.
The most common ECG abnormality observed in the study was sinus tachycardia in 35 (29%)
followed by ST-T changes in 20 (16.8%).The most common echocardiographic abnormality
encountered was LV systolic dysfunction seen in 31 (26%) cases, followed by Low LV ejec-
tion fraction in 24 (20%) cases. Children with abnormal echo and ECG were in higher WHO
clinical and immunological stages (Il & IV), however the association between the two was not
found to be statistically significant.

Conclusions: This study establishes that subclinical cardiac manifestations are prevalent in
HIV infected children. More research should be done on the clinical significance of these find-
ings and the need for long-term follow up.

KEYWORDS: HIV; Cardiac manifestations; Electrocardiogram; Left ventricular function.
INTRODUCTION

Human Immunodeficiency Virus (HIV) is a virus that causes multisystem disease, af-
fecting almost all body systems. The severity of each manifestation varies with organ system
and can be related to multiple etiologies.! Children infected with HIV may develop a wide range
of cardiovascular abnormalities, some of which are known to be associated with poor survival.?
With the introduction of Anti-retroviral therapy (ART), HIV infection is now recognized as a
chronic manageable disease, rather than a terminal illness. As pulmonary diseases and infec-
tions in HIV-infected individuals are more effectively prevented and treated, the proportional
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morbidity and mortality of cardiovascular diseases among chil-
dren with HIV/ AIDS are increasing.* Subclinical cardiac abnor-
malities in HIV-infected children are common, persistent, and
often progressive.* The spectrum of cardiovascular manifesta-
tions includes tachycardia, LV dysfunction, pericardial effusion,
myocarditis, dilated cardiomyopathy, endocarditis, coronary
artery disease, pulmonary hypertension, vasculitis, aneurysm
formation, and cardiac tumors.> Multifactorial etiologies like
autoimmunity, autonomic dysfunction, abnormal ventricular
growth, HIV infection per se or other associated viral infection
and/ or side effects from ART may be causative and/or further
exacerbate the cardiac morbidities. This study intends to evalu-
ate cardiac manifestations among HIV infected children in India
and their correlation with HIV disease status.

Methods
Study Design and Patients

This cross sectional study was conducted among HIV
infected children up to 18 years of age for a period of 2 years
from September 2009 to August 2011 at a pediatric HIV clinic
of a tertiary care teaching hospital in Maharashtra, India. Ethical
clearance was obtained from an institutional ethical committee.
The diagnosis of HIV, clinical categorization and immunologi-
cal categorization were based on WHO guidelines.

After obtaining informed consent of the parent/care-
giver, children were enrolled in the study. A detailed history was
obtained from the parents or care giver and a thorough clinical
examination was done to detect any systemic manifestation as
per predetermined criteria. All testing was done as per protocol
based on NACO guidelines. The subjects were evaluated for car-
diovascular abnormalities by chest X ray, Electrocardiography
(ECG) and Echocardiography (Echo).

Outcomes:

1. Cardiac manifestations were studied with respect to abnormal-
ity detected, clinically, chest-X-ray, ECG or Echocardiography.

2. Cardiac manifestations were correlated with WHO clinical
and immunological categories of the subjects.

Echocardiography:

An experienced pediatric cardiologist using the Hewlett
Packard Sonos 2000 model echo machine performed echocar-
diography, following the criteria of the American Society of
Echocardiography.* Long parasternal views with M-mode were
used for measuring the heart chamber dimensions in diastole
and systole. The variables studied on echo included the follow-
ing: Left ventricular end-diastolic dimension (LVDD); Left ven-
tricular end-systolic dimension (LVSD), inter ventricular septal
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thickness/posterior wall segment thickness (IVS/PWS), Left
Ventricular Fractional Shortening (LVFS), Left Ventricular Ejec-
tion Fraction (LVEF), pericardial effusion and any structural le-
sion. Specific criteria for diagnosing these entities are below:

e Left Ventricular Fractional Shortening (LVFS) was automati-
cally computed by the Hewlett Packard Sonos 2000 model echo
machine, which was also sufficient to assess left ventricular func-
tion.” The normal range of fractional shortening is 28-44%.6

e Estimation of the pulmonary artery systolic pressure was de-
rived from measuring a tricuspid regurgitate jet using Bernoul-
1i’s equation.”® A fixed value of right atrial pressure, 5 or 10 mm
of Hg, was added to the trans-tricuspid pressure gradient to yield
Systolic Right Ventricular Pressure (SRVP). Doppler and color
flow studies were done to study valve and orifice pressure gradi-
ent and directionality of blood flow.

Mode of Diagnosis on Echo

The values of parameters assessed on echo were as follows:
e LV systolic dysfunction was defined as LVFS<28%.

e Low LVEF was defined as a reading below 55%.

e Regurgitation was considered mild if the back flow seen on
color doppler did not reach the middle, moderate if the flow
reached the middle and severe if it exceeded the middle of the
receiving chamber.

e Pericardial Effusion (PE) was diagnosed when effusion mea-
sured more than 4 mm.

Statistical Analyses

Data analysis was done by using SPSS (Statistical
Package for Social Sciences) using statistical software version
17.0. We calculated correlation coefficient, Chi-square test and
Fisher’s exact test to find the significance in various parameters.
The statistical test was used at 95% confidence interval.

Results

Actotal of 130 consecutively enrolled HIV infected chil-
dren were evaluated in the study. Eleven children were lost to
follow up and were excluded. Out of the total 119 children in the
study, the largest number of abnormalities was seen in the age
group of 5-10 years (41.2%) followed by 10-18 years (39.5%)
and <5 years (18.3%). The mean age in the study population was
8.9 years (range 2 - 17 years). The majority of the children were
males (53.7%) with male: female ratio of 1.16: 1. The age of HIV
diagnosis varied from 6 months to 14 years. The mode of HIV
transmission was vertical in 116 (97%) children. Three children
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had acquired HIV through transfusion, of which two had thala-
ssemia major. Protein energy malnutrition was observed in 94
(79%) children.

According to WHO clinical staging, the distribution
of cases were as follows: - Clinical stage- I, 48 (40%) cases,
stage-11, 41(35%), stage-I11, 25(21%) and stage- IV, 5(4%) cases
and Immunological stage as stage-I in 39 (33%) cases, stage-
II 13(11%), stage 111-42(35%) and stage IV in 25(21%) cases.
The distribution according to WHO Clinical and Immunological
staging of study population is shown in figure 1.

Cardiovascular manifestations
Cardiovascular abnormalities were detected in 74

(62%) children on echo and/or ECG (Figure 2). Abnormalities
were detected on echocardiography in 44 (36.9%) and by ECG

WHO clinical staging
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in 56 (47%) children. Both echo and ECG were abnormal in 26
(21.8%) children. Chest radiographs detected cardiomegaly in
13 (11%) cases.

Cardiovascular symptom/signs

Breathlessness was reported in 11 (9%) children in our
study, of which 10 had abnormal echo and 7 abnormal ECG find-
ings. Chest pain was reported by 4 children and all of them had
abnormal echo in the form of low LV fractional shortening as
well as LV dysfunction and ECG showed monofocal ectopics
and sinus tachycardia. None of the children or their caretakers
reported other cardiac symptoms like cyanosis, edema, palpita-
tions or syncope. Clinical examination revealed tachycardia as
the most common finding among the subjects in 43 (36%). No
child had an audible murmur or abnormal S2. Hepatomegaly
was observed in 52 (43%) children but none had raised JVP or

WHO Immunoelogical staging

H Catl
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Figure 1: WHO Clinical and Immunological staging of study population at enrolment.
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Figure 2: Cardiovascular abnormalities detected in the study.
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pedal edema.
Chest X ray

In our study 46 (36%) children had an abnormal Chest
X Ray. Non Homogenous Opacity (NHO) was the commonest
finding seen in 17 (14%) cases, cardiomegaly in 13 (11%), hilar-
adenopathy in 9 (7%) cases, bronchiectatic changes in 3 and dif-
fuse reticulonodular infiltration and pleural effusion in 2 each.

ECG

ECG abnormalities were detected in 56 (47%) children
and the most common ECG abnormality was sinus tachycardia
in 35 (29%) followed by ST-T changes in 20 (16.8%). The asso-
ciation was evaluated between ECG findings and clinical staging
as well as immunological staging and was not found to be statis-
tically significant. The association between presence of cardiac
symptoms and ECG findings was found to be statistically sig-
nificant as shown in table 1.

Open Journal

Cardiac ECG abnormal ECG Statistical
S. No. Symptoms n= 56 (%) normal analysis
n= 63 (%)
1 Present 39(70) 10(15) Chi-sq -35.388
p< 0.001
2 Absent 17(30) 53(85) significant

Table 1: Abnormal Electrocardiography (ECG) with cardiac symptomatology.
Echocardiography

Echocardiography was found to be abnormal in 44
(36.9%) children and the most common abnormality detected
was LV systolic dysfunction as measured by LV Fractional
Shortening (LVFES) in 31 (26%) followed by Left Ventricular
Ejection Fraction (LVEF) noted in 24 (20%) children. Congeni-
tal heart disease was detected in 5 (4%) children: three had bi-
cuspid aortic valve, one secundum Atrial Septal Defect (ASD)
and one Mitral Valve Prolapse (MVP). Two children with bi-
cuspid aortic valve complained of breathlessness and both had
abnormal echo parameters (diminished LVFS and low LVEF).
Two children in the study had minimal Pericardial Effusion (PE)
on echo and both were in clinical stage III. Pericardiocentesis
was not done owing to small volume of effusion. One child was
initiated on tuberculosis therapy. None of the children had vege-
tations on echocardiography or any evidence of pulmonary arte-
rial hypertension. The mean echocardiographic parameters and
abnormalities noted are depicted in tables 2 and 3.

Abnormal Echo was considered as presence of any
of the following abnormalities: low LVEF, diminished LVFS,
structural heart disease, pericardial effusion or valvular regurgi-
tation. Although there were more children with abnormal Echo
in higher WHO clinical or immunological categories, there was
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no statistically significant association between the two. There
was similarly no statistically significant association between the
clinical or immunological staging with LV fractional shortening
or LVEF. The association between presence of cardiac symp-
toms and abnormal Echo was found to be statistically significant
as depicted in table 4.

S. No. Parameter Mean +SD
Mean Left ventricular end-systolic dimension
1 (LVSD) 21.9+3.46
Mean Left ventricular end-diastolic dimension
2 (LVDD) 33.0+4.58
Mean Left Ventricular Fractional Shortening
3 (LVFS) % 33.4+6.41
Mean Left Ventricular Ejection Fraction
4 (LVEF )% 60.7 + 6.54
5 Mean Inter Ventricular Septal thickness 79450
(IVS)
Mean Posterior Wall Segment
6 thickness(PWS) 7.7£1.31
Table 2: Mean parameters on Echocardiography.
S. No Echocardlogljaphlc Num_ber of N=119 (%)
abnormality patients
1 Lv fractlional shortgnlng 31 26.0
(systolic dysfunction)

2 Low LV Ejection Fraction 24 20.1
3. Congenital heart disease 5 4.2
4. Tricuspid regurgitation 3 2.5
5. Pericardial effusion 2 1.7
6. Mitral regurgitation 2 1.7

Table 3: Echocardiographic abnormalities in study population.

S. No. | Cardiac Echo Echo normal | Statistical analysis
symptom | abnormal | n=75 (%)
and signs | n=44 (%)

1 Present 27(61) 22(29) Chi square= 1.52,

2 Absent | 17(39) | 53(71) p<0.001, significant

Table 4: Abnormal Echocardiography with cardiac symptom and signs.

Mean Haemoglobin (Hb) of children with low LVEF
was 10.2 gm% as compared to mean Hb of 11.0 gm% in chil-
dren with normal LVEF. The correlation coefficient was 0.279
(p=0.002), so there was a significant but very poor correlation
between haemoglobin and LVEF.

DISCUSSION
In our study of 119 HIV infected children, subclinical
cardiac abnormalities were observed in 74 (62%) children de-

tected either on echo and/or ECG. The most common cardiac
symptom reported was breathlessness in 11 (9%) children and
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the most common sign on clinical examination was tachycardia
observed in 43 (36%) children. In the P2C2 (Pediatric Pulmo-
nary and Cardiovascular complications of vertically transmitted
Human Immunodeficiency Virus Infection)’ study, a prospec-
tive multicentre study of 197 HIV-infected children, tachycardia
was also the most common clinical finding.? The authors found
echocardiographic changes in all symptomatic children.

In our study the most common echo abnormality was LV
systolic dysfunction observed in 31 (26%) children. This is con-
sistent with other similar studies that have reported a prevalence
ranging between 18%-78%.>!"° Specifically, LV dysfunction of
37% was reported from a Thai study in 2004.% The African study
reported echocardiographic abnormalities in 51% abnormalities
of the study population. In the P2C2 trial fractional shorten-
ing was a significant clinical predictor of mortality (RR=1.91,
»<0.001). The same P2C2 trial later reported abnormalities in
31% of 196 children who underwent echocardiography® in sub-
sequent publication. In a Brazilian study 52% of children had
echo abnormalities of which only 20% had clinical findings.'® In
our study cardiac abnormalities were more frequently encoun-
tered in children with higher immunological category III & IV;
however this association was not statistically significant. There
was a statistically significant association between the presence
of abnormalities in ECG or echo and cardiac symptoms.

The prevalence of Congenital Heart Disease (CHD)
was 4% of all the children studied, comparable with previous
studies, who reported prevalence of 2-3%'""'> and this preva-
lence was higher than that found in the general population of
0.8%."* The most common congenital cardiovascular abnormal-
ity detected in our study was bicuspid aortic valve; none of the
children had a ventricular septal defect, which is the most com-
mon form of congenital heart disease in healthy populations and
similar studies.''>!*

Pericardial Effusion (PE) was seen in 2 out of the 119
children (1.6 %), contrary to 14% to 60% incidence of PE seen
in other studies of HIV-infected children.'"'? Starcet al found no
PE in 201 children with HIV, the majority of whom had symp-
tomatic HIV disease.”” Mild Tricuspid Regurgitation (TR) was
found in three cases in our study however there was no evidence
of Pulmonary Arterial Hypertension (PAH) in any of these chil-
dren. None of the children had any vegetations, rheumatic heart
disease, and PAH. ECG abnormalities were seen in 56 children
(47%), which is comparable to the previously reported similar
studies observed abnormal ECG in 26.5% -55% cases.'®!” The
prevalence in our study was much lower than that of Lipshultz,
et al. who reported abnormal ECG in 93% children, possibly
because 24-hour ambulatory ECG was utilized in that study in
addition to the standard 12 lead ECG." The most common ECG
abnormality detected in our study was sinus tachycardia com-
mensurate with similar studies.'*'¢ The autonomic imbalance
and neuropathy, which are present in early HIV infection and
progress with worsening HIV disease, are possible explanations
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for the sinus tachycardia.” In our study 46 (36%) children had
abnormal chest X ray, comparable to other similar studies.® We
did not find any significant cardiac mortality in our study period,
which may be explained by the advances in the management of
HIV-infected children, such as prophylaxis against secondary in-
fections, effective HAART, nutritional interventions, and closer
cardiac monitoring.

CONCLUSION

This study establishes that subclinical cardiac manifes-
tations are prevalent in HIV infected children. More research
should be done on the clinical significance of these findings and
the need for long-term follow up.

LIMITATIONS

The study is confined to an ART center in Maharashtra
on a small study population, and larger studies may be conduct-
ed to further strengthen the results.
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