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Abstract

Aim: HIV infection in children is an important clinical and pathologic entity, which embraces many forms of presentation and can involve
multiple organs and systems. This study aimed at identifying the main forms of cardiovascular involvement in HIV-infected children with
horizontally transmitted disease and describing them with the aid of ultrasound and histopathological examinations. Results: We recorded
cardiovascular anomalies in 79 (67.52%) patients out of the 117 comprised in the study population, and noted the following prevalence
distribution: systolic dysfunction in 49 (41.88%) patients, left ventricular hypertrophy (LVH) in 30 (25.6%) patients, right ventricular hypertrophy
(RVH) in 15 (12.82%) patients, and dilated cardiomyopathy (DCM) in 22 (18.8%) patients. We also carried out post-mortem histopathological
examinations in five patients, and observed the main modification incurred by the disease. Conclusions: Cardiac involvement during HIV infection
differs significantly in different mechanisms of virus transmission, and the horizontal transmission of HIV yields a lower prevalence of this type
of pathology. The general diagnostic picture can be significantly improved by adding histopathological examination to the ultrasonographic
method of investigation.
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 Introduction
Cardiac involvement has been recognized and
considered to be significant and to have an impact on
patient morbidity and mortality even since the human
immunodeficiency (HIV) virus infection was first described
in the 1980’s. During that period, the prevalence of
cardiovascular involvement was estimated to be 6–7%
of all patients [1, 2].
The advent of highly active antiretroviral therapy
(HAART) turned HIV infection into a curable, chronic
disease. One of the consequences of its introduction was
the alteration of the cardiovascular involvement spectrum,
by reducing the incidence of dilated cardiomyopathy
(DMC) and pericarditis and, consequently, bringing about
a global reduction of its prevalence [3, 4]. On the other
hand, cardiovascular morbidity remains relatively high
due to the emergence of a pathology associated with
metabolic disorders caused by HAART. Also, the more
exhaustive the exploration of the cardiovascular system
is, the higher the proved morbidity, which in certain studies
reaches values of up to 93% [5].
The pathogenetic factors of cardiovascular involvement
differ from the classic cardiovascular risk factors, and
include the HIV infection, the opportunistic infections
and the immunological disorders caused by them. Thus,
cardiovascular involvement appears at any age, including
HIV-infected children and teenagers [6, 7].
The main goal of this study was to assess pediatric
cardiovascular involvement in horizontally transmitted
HIV infection by using cardiac ultrasound examinations
and by studying histological alterations.
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 Materials and Methods
We carried out a prospective longitudinal cohort
study over five years in the Infectious Disease Clinic I,
which is the Regional Center for Monitoring HIV infection
for the Mureş, Sibiu, Bistriţa-Năsăud and Alba Counties,
Romania.
The study population comprised children with HIV
infection monitored by the aforementioned Center. The
inclusion criteria were the presence of HIV infection,
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 cooperation for ultrasound examination during
the study. After applying these criteria, the study included
117 patients who were examined by ultrasound and
monitored over the five-year period.
The diagnosis of the HIV infection was made based
upon two-second generation ELISA tests for HIV1 and
HIV2 antibodies and confirmed by Western Blot. Viral
load was assessed at six-month intervals by Polymerase
Chain Reaction (PCR) tests. Clinical and immunological
staging, which was needed in order to stratify the study
population and assess the correlations between the
severity of cardiac involvement and the stage of the
HIV infection, was made using the 1993 CDC Atlanta
criteria [8]. In order to assess the histological features of
cardiac involvement, samples of cardiac muscle tissue were
obtained during autopsy, fixed in formalin, embedded in
paraffin, sectioned and stained with Hematoxylin and
Eosin (HE), following a standard protocol. Histological
examination was only carried out in five deceased patients
ISSN (on-line) 2066–8279
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who displayed significant cardiac alterations. For technical
and ethical reasons, we did not perform endomyocardial
biopsies.
Ultrasound examination was always carried out in
M (mono-dimensional) and 2D (bi-dimensional) modes.
Since our study population consisted of children and
was also characterized by an increased prevalence of an
important weight deficit, the data obtained were classified
as normal or pathologic by comparing them with normal
values adjusted for body weight, according to data
published by Feigenbaum [9, 10]. Statistical analysis
was done with Microsoft Office Excel and GraphPad
InStat 2003. A p-value <0.05 was considered statistically
significant.
 Results
Over the duration of the study, ultrasound examination
anomalies were recorded in 79 (67.52%) patients, and
had the following prevalence distribution: systolic dysfunction in 49 (41.88%) patients, left ventricular hypertrophy (LVH) in 30 (25.6%) patients, right ventricular
hypertrophy (RVH) in 15 (12.82%) patients, dilated cardiomyopathy (DCM) in 22 (18.8%) patients, pulmonary
hypertension in 43 (36.75%) patients and pericardial
collections in four (3.42%) patients. Thirty-eight (32.48%)
patients had normal ultrasound features over the entire
period of the study, and they were designated as control
group.
[I]. We diagnosed left ventricular dysfunction in 24
(16.43%) children. The mean value of the ejection fraction
was 42.79±2.31%, compared to 69.88±2.63% in the control
group (p<0.0001).
The mean age was 15.12±0.55 years. The disorder
was more frequent in boys (62.5% vs. 37.5% in girls,
p<0.05). The clinical stage of the HIV infection was
significantly more advanced than in the control group
(p=0.049); 29.16% of the children were in stage B and
70.83% in stage C. The immunological stage of the HIV
infection did not differ significantly from the control
group.
The thickness of the walls of the left ventricle displayed
important differences between the two groups. The diastolic
thickness of the inter-ventricular septum was increased
when compared to the systolic one (1.21±0.11 vs. 0.98
±0.04, p=0.0011). Statistically significant differences
between the two groups also appeared in the systolic
dimensions of the inter-ventricular septum (1.44±0.07
vs. 1.27±0.06, p=0.0017), the diastolic dimensions of the
posterior wall of the left ventricle (1.16±0.12 vs. 0.89±
0.05, p=0.0004) and, respectively, the systolic dimensions
of the same wall (1.46±0.1 vs. 1.31±1.1, p=0.0005). Data
reveals a high prevalence of left ventricular hypertrophy
in patients with systolic dysfunction (75%).
The mean value of the mass of the left ventricle was
significantly higher in the study group compared to the
control group (194.43±34.82 g vs. 143.70±27.51 g, p=
0.029). It is worth noting that we did not encounter
patients with left ventricular hypertrophy who would
not display left ventricular dysfunction over the fiveyear duration of the study.
The morphological background of myocardial hypertrophy and contractile dysfunction was revealed by autopsy

studies, which allowed for microscopic examination of
the myocardium. On microscopic examination, a hypertrophy of the myocardial cells was apparent, along with
disorganized architecture, interstitial edema and a
lymphocyte/plasma cell infiltrate (Figure 1).
In some cases, the microscopic appearance is quasinormal, but a careful examination reveals a sparse
lymphocytic inflammatory infiltrate, minimal degenerative
lesions of the myocardial cells in the proximity of the
intercalated discs, which were slightly erased (Figure 2).
The inflammatory lesions are usually limited, but they
can be very marked, with the presence of an abundant
lymphocyte/plasma cell and polymorphonuclear infiltrate
that dislocates myocardial cells and can lead to important
degenerative lesions, disorganization of the myocardial
architecture and can organize into secondary lymph
follicles (Figure 3).
None of the patients with left ventricular dysfunction
deceased during the study from cardiac causes. The two
deaths recorded were due to cerebral (toxoplasmosis) and
respiratory (bronchopneumonia) infectious complications.
[II]. Ultrasound examination of the patients in the
study group led to diagnosing dilated cardiomyopathy in
22 children. The main diagnostic criteria were the dilation
of the ventricular cavities and contractile dysfunction.
The mean age in this group was 14.63±0.81 years, and
gender distribution was balanced (59.09% girls, 40.91%
boys); these two parameters did not differ from the control
group (p=0.368 and p=0.788, respectively).
The clinical stage of the HIV infection was very
advanced in patients with DCM: 27.27% were in stage
B and 72.72% in stage C, compared to the control group
(p=0.04). The immunological stage of the HIV infection
was also very advanced: 13.63% of the patients were in
stage 2 and 86.36% in stage 3.
Left ventricular dilation was revealed in ultrasound
examination by an increase of the systolic and diastolic
diameters. Right ventricular dilation was assessed by
evaluating its diastolic diameter. After confronting the
data we obtained to body weight in order to establish
whether they were normal or pathologic, patients with
DCM had mean diastolic (5.29±0.16 cm) and systolic
(4.2±0.2 cm) left ventricular diameter values that were
much higher than normal (3.5–5 cm and 2.5–4 cm, respectively) [9, 10]. Similarly, the diastolic diameter of the right
ventricle had higher values in the study group compared
to the control group (2.58±0.2 cm vs. 1.78±0.12 cm,
p<0.0001).
The characteristic ultrasound appearance was that of
bi-ventricular dilation, in 81.81% of the cases (n=18)
(Figure 4). Only four of the patients had isolated left
ventricular dilation, as these patients were in the incipient
stages of DCM, with only a moderate decrease of the
ejection fraction.
We also noticed the dilation of the atria in the group
with DCM; the mean values of the diameters of the left
and right atrium were significantly increased compared to
the control group (3.31±0.43 cm vs. 2.81±0.21 cm, p=
0.05, respectively 4.23±0.3 cm vs. 3.02±0.29 cm, p<0.0001).
Ventricular dilation led to important valve alterations
and bicuspid, tricuspid and pulmonary valve insufficiency
were recorded in percentages that were significantly
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higher than in the control group (p˂0.0001). We did not
encounter aortic valve anomalies, as the prevalence of

775

aortic valve insufficiency was not significantly different
between the two groups (18.18% vs. 10.52%, p=0.448).

Figure 1 – Myocardium, cross-section: interstitial edema,
lymphocyte/plasma cell inflammatory infiltrate, hypertrophy, myocardial architecture alteration. HE staining,
200×.

Figure 2 – Myocardium, longitudinal section: slight
interstitial edema, vacuolar degenerative lesions of
myocardial cells, minimal lymphocytic inflammatory
infiltrate. HE staining, 200×.

Figure 3 – Myocardium, longitudinal section: abundant
lymphocyte/plasma cell inflammatory infiltrate with
lymphoid appearance, myocardial architecture alteration,
degenerative lesions. HE staining, 40×.

Figure 4 – Ultrasound examination: dilated cardiomyopathy: important dilation of the four cardiac cavities.

We underline the fact that patients with DCM did
not display left ventricular hypertrophy, which was very
frequent in patients with systolic dysfunction.
The functional parameters of the left ventricle were
severely altered in this group: ejection fraction values were
low, and 77.27% of the patients had moderate or severe
ventricular dysfunction (EF<49%) (p<0.0001); the values
of the shortening fraction were below normal in all patients
(19.29±3.21% vs. 33.7±2.11%) (p<0.0001).
The morphological background of the dilated cardiomyopathy was assessed in autopsy studies.
Grossly, the cardiac cavities were enlarged and the
total weight of the heart was increased. Microscopic
examination revealed important changes in myocardial
architecture, degenerative lesions of the myocardial cells,
interstitial edema and polymorphonuclear inflammatory
infiltrate (Figure 5).
In some situations, the interstitial edema was very
marked ad induced important alteration of the architecture
of myocardial cells (Figures 6 and 7).

Microscopic analysis of the inflammatory infiltrate
revealed mostly lymphocyte and plasma cells, accompanied
by several polymorphonuclears, especially eosinophils
(Figure 8).
The inflammatory infiltrate was abundant at times and
had a tendency to constitute lymph follicles (Figure 8).
The inflammatory infiltrate invaded myocardial cells,
which undergo necrosis and fragmentation, and fibroblasts
and interstitial fibrosis appear (Figure 9).
Coronary vasculitis alterations may play an important
role in the pathogenesis of cardiac involvement in HIV
infection. Microscopic examination revealed a mixed
inflammatory infiltrate along with pericoronary fibrinoid
necrosis (Figure 10).
Histological data indicate more than just a simple
“passage” of the inflammatory cells through the cardiac
vessels towards the myocardium, but veritable phenomena
of vasculitis, with endothelial lesions and fibrinoid necrosis
in the wall of the blood vessel (Figure 11).
Occasionally, the inflammatory infiltrate contained a
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high number of neutrophils and eosinophils, suggesting
the acute nature of the inflammatory process (Figure 12).
We consider that it is worth noting the hypertrophic
alterations of the tunica media, appearing especially in the
small coronary arteries (Figure 13). This hypertrophy may
cause ischemic disorders and is most likely the consequence

of the action of inflammation mediators and inflammatory
viral proteins.
The general mortality associated with DCM was 18.18%
over the five-year duration of the study and determined
the global cardiac mortality within the study, representing
2.05% of the entire study population.

Figure 5 – Myocardial architecture alteration, interstitial
edema, lymphocyte/plasma cell inflammatory infiltrate.
HE staining, 100×.

Figure 6 – Important interstitial edema with myocardial
cell dissociation. HE staining, 20×.

Figure 7 – Important interstitial edema, inflammatory
infiltrate dislocating myocardial cells. HE staining,
200×.

Figure 8 – Abundant myocardial inflammatory infiltrate
consisting of small and large lymphocytes, plasma
cells, histiocytes, few eosinophils. HE staining, 200×.

Figure 9 – The inflammatory infiltrate destroys myocardial cells, which are very fragmented; free nuclei
can be seen; some of the myocardial cells retain their
myofibrils. HE staining, 200×.

Figure 10 – Two coronary arterioles in longitudinal and
transversal sections, with an abundant perivascular
inflammatory infiltrate. HE staining, 100×.
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Figure 11 – Detail of the previous figure. Lymphocyte/
plasma cell inflammatory infiltrate, fibrinoid necrosis.
HE staining, 200×.

Figure 13 – Hypertrophy of the tunica media in a small
coronary artery; pronounced perivascular edema. HE
staining, 200×.

 Discussion
The study population has some epidemiological
characteristics that render it unique and justify some of
the differences between our results and data published in
the literature. The patients belong to a pediatric “cohort”
with horizontal transmission of the HIV infection, which
was acquired at the end of the 1980’s following an
epidemiologic accident. Another particularity is that this
population was infected with the F1 subtype of HIV,
which represents less than 1% of the circulating strains
worldwide [11–14].
Ultrasound cardiac examination in children with HIV
infection reveals pathological aspects in 67.52% of cases.
This elevated prevalence of cardiac anomalies had been
previously suggested by a radiological study carried out
on the same population, but that method has the disadvantage of low sensitivity and specificity [15–17]; thus,
ultrasound examination was the “gold standard” in diagnosing morphological and functional cardiac modifications.
Data published in the literature confirms the central role
of ultrasound examination in the cardiologic evaluation
of HIV-infected patients [18–20].
The analysis of the morphological parameters of
the left ventricle indicates an important prevalence of

777

Figure 12 – Perivascular inflammatory infiltrate with
neutrophils and eosinophils. HE staining, 400×.

ventricular hypertrophy in patients with systolic dysfunction from the study group (75%). The data are similar
to those in the literature. Shah et al. found a 38.5%
prevalence of left ventricular hypertrophy in a group of
26 children [21], Lipshultz et al. 48.38% in 31 children
[18, 19], and the P2C2 (Pediatric Pulmonary and Cardiac
Complications in HIV) study reported a prevalence of
29% [22]. The differences among the data published can
be explained by the different characteristics of the study
groups and the variable accuracy of the measurements
[18, 22, 23].
Comparative analysis of the left ventricular mass in
patients with systolic dysfunction indicates a statistically
significant increase compared to the control group (p=
0.029), which is concordant with the P2C2 study [24];
however, this study included both children with left
ventricular systolic dysfunction and children with DCM,
whereas our study analyzed these two categories separately.
Dilated cardiomyopathy had a prevalence of 18.8% in
our study group. Data from other studies indicate similar
percentages: Diógenes et al., 12.2% in a group of children
perinatally exposed to HIV infection [25], Miller et al.,
29% in teenagers with vertically acquired HIV infection
[26], Okoromah et al., 33.7% in children with vertically
acquired HIV infection [27], Shah et al. 38.5% [21] and,
respectively, Singh et al., only 2% in a group of children
between one and 18-year-old [28]. The highest values of
the pre-valence of dilative alterations are published in
studies that assess uni- or bi-cameral dilation isolation,
reaching values of 85% in a pediatric group [29]. The
P2C2 study reported a 17.15% prevalence of DCM [22].
We could not find hypertrophic alterations in the
group with DCM. During our study, none of the patients
with hypertrophic alterations and systolic dysfunction
evolved towards cardiac dilation, indicating different
and independent pathogenetic mechanisms for dilative
pathology. We consider that the first alteration was
dilatation and contractile insufficiency. It is likely that
cardiac dilatation renders hypertrophic alterations undetectable by ultrasound examination; the P2C2 study
pleads for the same pathogenetic hypothesis, indicating a
decrease in thickness of initially hypertrophic cardiac walls,
as the alterations progress towards cardiac dilatation and
cardiac insufficiency [22, 24].
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The hemodynamic consequences of DCM were severe
and determined a high mortality in the study group
(18.18%). This value is lower than 52.5%, as reported by
the P2C2 study over five years in a pediatric group with
DCM [22]. The relative risk of death in seropositive
children with DCM is 2.8, compared to children without
cardiovascular disorders [6].
Morphological alterations of the right ventricle were
dilative, encountered in 81.18% of the children with DCM,
who had bi-ventricular modifications. Other studies
analyzing right ventricular dilation as an isolated alteration
indicate prevalences between 44%, as uni-cameral dilation,
and 7% within the context of bi-ventricular dilation [29].
Myocarditis and consecutive DCM characterized by
left ventricular dysfunction are the dominant manifestation
of cardiovascular involvement in HIV infection, ultrasound studies carried out prior to the introduction of
HAART indicating a global prevalence of the latter of
30% [6, 30, 31]. The largest study concerning cardiovascular involvement in vertically HIV-infected children,
P2C2, reports a cumulative incidence of cardiomyopathy
of 28% over five years. This study found decrease in
contractility in 42%, cardiomegaly in 13.7%, increase of
the left ventricular afterload in 20%, dilated cardiomyopathy in 10%, left ventricular hypertrophy in 25%,
and congestive heart insufficiency in 7% of the children
over a five-year period. The relative risk of cardiac death
was 8.5–14.6 times higher than in the control group; it
was higher in higher stages of HIV infection [22, 31].
Cumulative mortality during our study was 2.05%,
much lower than reported in other studies. In the P2C2
study, the mortality was higher, reaching 75% over five
years in children with important left ventricular hypertrophy [24].
The gross appearance of the heart in DCM shows
atrial and ventricular dilation with a certain degree of
left ventricular hypertrophy, which was not seen in
ultrasonography in our study. On cross section, minimal
myocardial fibrosis is found and the myocardium has several
paler areas. The myocardium is flaccid at palpation.
Occasionally, intracavitary thrombi are present, either
free or adherent to the walls. In myocarditis without
dilation, the weight of the heart is normal, the consistency
is less flaccid and gross modifications are minimal [32,
33].
Microscopically, inflammatory and degenerative myocardial lesions are seen, without particularities suggestive
for HIV etiology. Myocardial cells may display varying
degrees of hypertrophy, enlarged hyperchromatic nuclei,
diffuse or focal vacuolar degenerescence, myxoid degenerescence, interstitial edema, and diffuse and interstitial
fibrosis. Myocardial inflammatory alterations are frequent
but moderate, and are represented by a focal or diffuse
lymphocyte/plasma cell infiltrate that can surround bundles
of myocardial cells, composed mostly of CD8 T-lymphocytes. In numerous cases published in the literature
there was no myocardial inflammatory infiltrate present.
Occasionally, the number of cardiac dendritic cells
increases [20, 32]. Half of the patients display lipofuscin
deposits, a marker of cell aging [34].
The conduction system is often invaded by lymphocyte/
plasma cell infiltrate and fibrosis can be present. At this

level, calcifications and vacuolated Purkinje cells can be
observed. Thrombosis and cell infiltrates in the vessels
that supply the conduction system are also frequent.
The morphological background of cardiac involvement
consists of myocardial inflammatory infiltrate, inflammatory
and dystrophic lesions of the myocardial cells, cardiac
hypertrophy, modifications of the architecture of the myocardium, modifications encountered in our study, which
are concordant with data in the literature [33–35].
Approximately 50% of the patients who die of HIV
infection display modifications that are characteristic for
myocarditis at autopsy [36].
 Conclusions
The systolic dysfunction of the left ventricle has a
morphological background that can be observed early
by ultrasound examination. Ultrasonography provides
information on the nature and the extent of the cardiovascular involvement in HIV-infected children. Cardiac
involvement during HIV infection differs significantly
in different mechanisms of virus transmission, and the
horizontal transmission of HIV yields a lower prevalence
of this type of pathology. The general diagnostic picture
can be significantly improved by adding histopathological
examination to the ultrasonographic method of investigation.
Acknowledgments
The authors express their gratitude to Dr. Carmen
Caraşca and Prof. Dr. Anca Sin who contributed to this
study by conducting and interpreting the histological
examinations and also to Assoc. Prof. Dr. Amalia Făgărăşan
for performing echocardiographic examination.
References
[1] Lipshultz SE, Cardiovascular problems. In: Pizzo PA, Wilfert CM
(eds), Pediatric AIDS: the challenge of HIV infection in infants,
nd
children and adolescents, 2 edition, Lippincott Wiliams &
Wilkins, Baltimore, 1994, 283–299.
[2] Luginbuhl LM, Orav EJ, McIntosh K, Lipshultz SE, Cardiac
morbidity and related mortality in children with HIV infection,
JAMA, 1993, 269(22):2869–2875.
[3] Lebech AM, Gerstoft J, Hesse B, Petersen CL, Kjaer A, Right
and left ventricular cardiac function in a developed world
population with human immunodeficiency virus studied with
radionuclide ventriculography, Am Heart J, 2004, 147(3):482–
488.
[4] Pugliese A, Isnardi D, Saini A, Scarabelli T, Raddino R,
Torre D, Impact of highly active antiretroviral therapy in HIVpositive patients with cardiac involvement, J Infect, 2000,
40(3):282–284.
[5] Hoffman M, Lipshultz SE, Miller TL, Malnutrition and cardiac
abnormalities in the HIV-infected patients. In: Miller TL,
Gorbach S (eds), Nutritional aspects of HIV infection, Arnold,
London, 1999, 33–39.
[6] Klatt EC, Cardiovascular pathology in AIDS. In: Barbaro G
(ed), HIV infection and the cardiovascular system, Advances
in Cardiology, vol. 40, Karger, Basel, 2003, 16–32.
[7] Kim NH, Diagnosis and evaluation of the patient with
pulmonary hypertension, Cardiol Clin, 2004, 22(3):367–373,
v–vi.
[8] Kamps BS, Hoffmann C, CDC classification system. In:
Hoffmann C, Rockstroch JK, Kamps BS (eds), HIV medicine,
Flying Publisher, Paris, 2005, 27–28.
th
[9] Feigenbaum H, Echocardiography, 5 edition, Lippincott
Williams & Wilkins, Philadelphia, 1994, 658–681.
th
[10] Feigenbaum H, Echocardiography, 6 edition, Lippincott
Williams & Wilkins, Philadelphia, 2004, 678–684.

Ultrasound and histopathological features of myocardial involvement in HIV infection in children
[11] Hemelaar J, Gouws E, Ghys PD, Osmanov S, Global and
regional distribution of HIV-1 genetic subtypes and recombinants in 2004, AIDS, 2006, 20(16):W13–W23.
[12] Patrascu IV, Dumitrescu O, The epidemic of human immunodeficiency virus infection in Romanian children, AIDS Res
Hum Retroviruses, 1993, 9(1):99–104.
[13] Apetrei C, Necula A, Holm-Hansen C, Loussert-Ajaka I,
Pandrea I, Cozmei C, Streinu-Cercel A, Pascu FR, Negut E,
Molnar G, Duca M, Pecec M, Brun-Vézinet F, Simon F,
HIV-1 diversity in Romania, AIDS, 1998, 12(9):1079–1085.
[14] Apetrei C, Loussert-Ajaka I, Collin G, Letourneur F, Duca M,
Saragosti S, Simon F, Brun-Vézinet F, HIV type 1 subtype F
sequences in Romanian children and adults, AIDS Res Hum
Retroviruses, 1997, 13(4):363–365.
[15] Georgescu A, Georgescu D, Chiriac C, Ţilea B, Secureanu F,
Contribution of radiological findings in evaluating cardiac
involvement in HIV positive patients, Bulletin of The Transilvania University of Braşov, Series VI: Medical Sciences,
2012, 5(54/1):13–20.
[16] Hollingsworth CL, Thoracic disorders in the immunocompromised child, Radiol Clin North Am, 2005, 43(2):435–447.
[17] Fisher SD, Lipshultz SE, Cardiovascular abnormalities in
HIV-infected individuals. In: Braunwald E, Zipes DP, Libby P
(eds), Heart disease. A textbook of cardiovascular medicine,
th
6 edition, W.B. Saunders Co., Philadelphia, 2001, 2211–
2221.
[18] Lipshultz SE, Bancroft EA, Bolller SM, Cardiovascular
manifestation of HIV infection in children. In: Mandell GL,
Bennett JE, Dolin R (eds), Mandell, Douglas and Benett’s
th
principle and practice of infectious disease, 5 edition,
Churchill Livingstone, Philadelphia, 1995, 335–344.
[19] Moorthy NL, Lipshultz SE, Cardiovascular monitoring of HIV
infected patients. In: Lipshultz SE (ed), Cardiology in AIDS,
Chapman & Hall, New York, 1998, 345.
[20] Neumann T, HIV and cardiac diseases. In: Hoffmann C,
Rockstroh J, Kamps BS (eds), HIV medicine, Flying Publisher,
Paris, 2005, 545–552.
[21] Shah I, Prabhu SS, V S, Shashikiran HS, Cardiac dysfunction
in HIV infected children: a pilot study, Indian Pediatr, 2005,
42(2):146–149.
[22] Starc TJ, Lipshultz SE, Easley KA, Kaplan S, Bricker JT,
Colan SD, Lai WW, Gersony WM, Sopko G, Moodie DS,
Schluchter MD, Incidence of cardiac abnormalities in children
with human immunodeficiency virus infection: The prospective
P2C2 HIV study, J Pediatr, 2002, 141(3):327–334.
[23] Lipshultz SE, Easley KA, Orav EJ, Kaplan S, Starc TJ,
Bricker JT, Lai WW, Moodie DS, Sopko G, Schluchter MD,
Colan SD, Reliability of multicenter pediatric echocardiographic
measurements of left ventricular structure and function: the
prospective P(2)C(2) HIV study, Circulation, 2001, 104(3):
310–316.
[24] Fisher SD, Easley KA, Orav EJ, Colan SD, Kaplan S, Starc TJ,
Bricker JT, Lai WW, Moodie DS, Sopko G, Lipshultz SE;

[25]

[26]

[27]

[28]
[29]
[30]
[31]

[32]
[33]

[34]

[35]

[36]

779

Pediatric Pulmonary and Cardiovascular Complications of
Vertically Transmitted HIV Infection (P2C2 HIV) Study Group,
Mild dilated cardiomyopathy and increased left ventricular
mass predict mortality: the prospective P2C2 HIV Multicenter
Study, Am Heart J, 2005, 150(3):439–447.
Diógenes MS, Succi RC, Machado DM, Moisés VA, Novo NF,
Carvalho AC, Cardiac longitudinal study of children perinatally
exposed to human immunodeficiency virus type 1, Arq Bras
Cardiol, 2005, 85(4):233–240.
Miller RF, Kaski JP, Hakim J, Matenga J, Nathoo K, Munyati S,
Desai SR, Corbett EL, Ferrand RA, Cardiac disease in
adolescents with delayed diagnosis of vertically acquired
HIV infection, Clin Infect Dis, 2013, 56(4):576–582.
Okoromah CA, Ojo OO, Ogunkunle OO, Cardiovascular dysfunction in HIV-infected children in a sub-Saharan African
country: comparative cross-sectional observational study,
J Trop Pediatr, 2012, 58(1):3–11.
Singh P, Hemal A, Agarwal S, Kumar D, Cardiac manifestations in HIV infected children, Indian J Pediatr, 2014, May
25.
Pongprot Y, Sittiwangkul R, Silvilairat S, Sirisanthana V,
Cardiac manifestations in HIV-infected Thai children, Ann
Trop Paediatr, 2004, 24(2):153–159.
Lewis W, Cardiomyopathy in AIDS: a pathophysiological
perspective, Prog Cardiovasc Dis, 2000, 43(2):151–170.
Lipshultz SE, Easley KA, Orav EJ, Kaplan S, Starc TJ,
Bricker JT, Lai WW, Moodie DS, Sopko G, Schluchter MD,
Colan SD; Pediatric Pulmonary and Cardiovascular Complications of Vertically Transmitted HIV Infection (P(2)C(2) HIV)
Study Group, Cardiovascular status of infants and children
of women infected with HIV-1 (P(2)C(2) HIV): a cohort study,
Lancet, 2002, 360(9330):368–373.
Rerkpattanapipat P, Wongpraparut N, Jacobs LE, Kotler MN,
Cardiac manifestations of acquired immunodeficiency syndrome,
Arch Intern Med, 2000, 160(5):602–608.
Bonnet D, HIV-associated cardiovascular complication in
HIV-infected children. In: Barbaro G (ed), HIV infection and
the cardiovascular system, Advances in Cardiology, vol. 40,
Karger, Basel, 2003, 211–214.
Kearney DL, Popek E, Cardiovascular system. In: Moran C,
Mullick FG (eds), Systemic pathology of HIV infection and
AIDS in children, Armed Forces Institute of Pathology,
Washington, D.C., 1997, 93–131.
Moldovan L, Brînzan O, Ardeleanu C, Teodorescu M,
Ştefănescu-Winterlik A, Câmpeanu A, Modificări anatomopatologice cardiace în infecţia cu virusul HIV, Ther Pharmacol
Clin Toxicol, 2006, 10(Suppl 3):73.
Brady WJ, Ferguson JD, Ullman EA, Perron AD, Myocarditis:
emergency department recognition and management, Emerg
Med Clin North Am, 2004, 22(4):865–885.

Corresponding author
Cosmin Moldovan, Lecturer, MD, PhD, Department of Histology, University of Medicine and Pharmacy of Tîrgu Mureş,
38 Gheorghe Marinescu Street, 540139 Tîrgu Mureş, Romania; Phone +40265–215 551/191 (401), e-mail: cosmin.
moldovan@umftgm.ro

Received: January 23, 2014
Accepted: September 15, 2014

