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Objective - To evaluate by Doppler echocardio-
graphy (DE) early abnormalities of ventricular function in
HIV-positive patients, as well as other cardiac abnor-
malities that can be detected by this method, with special
emphasis on mitral valve flow.

Methods -  84 HIV- positive patients, 59 with CD4 cell
count >500/mm3 (Group A) and 25 with CD4 cell count
<500/mm3 (Group B), were analyzed. CD4 cells were
counted and matched with structural data and systolic and
diastolic function of the left ventricle (LV), as analyzed by
DE. The results were compared with those obtained in 47
healthy individuals (Group C).

Results -  8% of patients in Group B had mild pericar-
dial effusion; 31.5% showed decreased systolic function of
the LV, and 12% had moderate mitral regurgitation. A
wave velocity from the mitral inflow was different among
the 3 groups, being higher in Group B, where the decele-
ration time of the E wave of the mitral inflow and the E/A
ratio were significantly lower with a normal value of the
isovolumic relaxation time (IVRT).

Conclusion - HIV-positive patients with a CD4 cell
count >500/mm3 had no abnormalities by DE. Patients
with a more advanced infection (those with a CD4 cell
count <500/mm3), had a significantly abnormal LV
systolic function and a higher incidence of pericardial
effusion and mitral regurgitation. Mitral valve inflow by
Doppler did not indicate diastolic dysfunction.

Key words: Doppler echocardiogram, AIDS, mitral flow

Arq Bras Cardiol, volume 73 (nº 2), 163-168, 1999

Guilherme Lobosco Werneck, Evandro Tinoco Mesquita, Luiz José Martins Romêo Fº, Mario Luiz Ribeiro

Rio de Janeiro, RJ - Brazil

Doppler Echocardiographic Evaluation of HIV-Positive
Patients in Different Stages of the Disease

Original Article

Human acquired immunodeficiency syndrome (AIDS)
was initially recognized in the United States in 1981 1,2. Later,
in 1984, the human immunodeficiency virus (HIV 1) was
recognized as the causal agent 3. According to the World
Health Organization, about 18 million people are infected by
HIV 1 and 4.5 million have AIDS 4. In the next century, it is
estimated that approximately 30 million are going to be
infected. In Brazil, data from the last epidemiological
bulletin, published in August 1997, show that 116,389
persons have AIDS, a ratio of 83.4/100,000 inhabitants.

AIDS is a viral disease that characteristically causes a
chronic, insidious infection, with a long latent period,
which is characterized by a profound state of immuno-
suppression, especially of cell immunity, with functional
abnormalities in B lymphocytes, with polyclonal activation
but without adequate antigen specific response.

Human T lymphocytes, which express the CD4 antigen
on their surfaces, are the major targets of HIV 1. CD4 antigen
works as a high-affinity receptor for a glycoprotein of the viral
envelope (gp 120). After the virus enters the cell, there is
transcription of the viral RNA into double-stranded DNA,
which is then incorporated into the cellular nucleus, origi-
nating  proviral DNA. Expression of the HIV gene is stimu-
lated by several factors, leading to the production of the HIV
virion that causes cell death and restarts the cycle, infecting
other target cells. Depletion of CD4 positive T lymphocytes
leads to the immunodeficiency observed in the disease 5.

It has not yet been completely clarified how HIV1 cau-
ses the cytopathic effects upon T lymphocytes. One
hypothesis is fusion of infected cells and formation of syn-
cytia, mediated by the viral envelope glycoprotein gp 41
following the interaction of the CD4 receptors with the
glycoprotein gp 120. Other hypotheses are the following:
apoptosis or cell death programmed by activation of
endonucleases; a high level of viral replication resulting in
damage to the cell membrane; production of tumor necrosis
factor - alpha (TNF-alpha); and autoimmune destruction of T
lymphocytes through antibody-dependent mechanisms 6,7.

Glycoprotein gp 120 also binds to the surface of
monocytes, macrophages and dendritic cells. After the
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primary infection, there is a long period of clinical latency.
Antibodies anti-HIV-1 may be detected in the serum, but the
disease is clinically asymptomatic or minimally symp-
tomatic. This latent period usually lasts 10 years, in which
there is evidence of continuous viral replication in the
lymph nodes; however, serum levels of HIV are low and a
small proportion of CD4 positive lymphocytes are infected.
Development of AIDS is preceded by an increase in the
depletion of these lymphocytes 8-10.

Although cardiac involvement in HIV- infected
patients has been recognized on autopsy11 since the
beginning of the epidemy, cardiovascular disease specifi-
cally related to the syndrome has a low prevalence. Clinical
manifestation of cardiac disease was only just reported in
1986 12, and the first prospective study to evaluate cardiac
function was conducted in 1988 13. Clinical manifestations
are LV dysfunction and congestive heart failure (CHF),
pericardial effusion sometimes causing cardiac tamponade
and ventricular tachycardia 12-16.

Some authors have said that, although clinical cardiac
involvement has a low incidence in AIDS patients, autopsy
studies show a significantly higher cardiac involvement 17,18.

Other studies have shown a more significant cardiac
involvement, such as myocarditis, ventricular dilation,
neoplastic infiltration 19, pericarditis, pericardial effusion
and thrombotic (nonbacterial) endocarditis 20-25.

The most frequently reported clinical problem in
cardiac involvement in HIV-infected patients is pericarditis,
with or without pericardial effusion, which is related to
several etiologies 26-33; prevalence as determined by DE is
about 38% 5.

Primary pulmonary hypertension (PH) has also been
described in AIDS patients 34.

Cardiomyopathy is rare in patients with HIV infection
and is more commonly identified by anatomo-pathology
studies 35. When the diagnosis of myocardial involvement
is based on LV function or dilation by DE, the prevalence is
high 36-38. Corallo et al 39, using DE, reported a 41% incidence
of LV hypokinesis in 102 HIV- infected patients. Two
prospective studies 35,40 show that patients developed LV
dysfunction sometime during the evolution of the disease.
Cardiovascular involvement by some opportunistic agents
and by neoplasias has also been described 41.

In Brazil, HIV infection is an emerging public health
problem. The heterogeneity of the viral aggression is well
known in different populations, but there is not a Brazilian
study of the morpho-functional analysis that correlates
abnormalities revealed by DE in different stages of the
disease. This is the objective of this study.

Methods

Patients infected by the human immunodeficiency
virus Type I (HIV 1) were evaluated in the Nucleo of AIDS
and Sexually Transmitted Diseases of the Secretaria Muni-
cipal de Saúde do Município de Duque de Caxias (Rio de
Janeiro). Patients were selected from among those who had

been followed as outpatients for the prior three years, after
serological diagnosis by two ELISA tests and one immuno-
fluorescence examination done at the Laboratório Central
Noel Nutels. Patients were asymptomatic in terms of the
cardiovascular system. Patients with a past history of heart
disease, hypertension (H), acute myocardial infarction
(AMI), valvar diseases, chronic alcoholism, diabetes mellitus
and renal failure were excluded. The stage of the infection
was assessed by a differential count of lymphocytes, which
was performed using flow cytometry at the Laboratório Cen-
tral Noel Nutels. According to the immunological stage,
patients were divided into two groups: Group A, consisting of
patients with CD4 cell count >500/mm3 and Group B, with a
more advanced form of infection and presenting with
systemic symptoms or associated infections and a CD4 cell
count < 500/mm3. The results and variables of these patients
were compared with a control group (Group C), consisting of
healthy individuals with no antibodies present in the serum.

All patients underwent DE with ESAOTE SIM 7000
equipment, with pulsed and continuous Doppler and color
flow mapping capability, in order to analyze systolic
function by the fractional shortening of the LV, as well as
global and segmental contractility of this chamber. Diastolic
function was analyzed by the following parameters of the
mitral valve flow: 1) E wave velocity, measured in cm/s; 2) A
wave velocity, also measured in cm/s; 3) E/A ratio; 4)
Deceleration Time of the E wave (DT); 5) Isovolumic
Relaxation Time (IVRT).

M Mode measurements were taken according to the
standards of the American Society of Echocardiography
(ASE) 43,44 and obtained by two-dimensional images and
simultaneous electrocardiogram (ECG). LV diameters were
obtained in the parasternal long axis view, with the M mode
cursor positioned between the mitral valve and the papillary
muscles. Thickness of the ventricular septum and the poste-
rior wall of the LV and the left ventricular diastolic diameter
were measured at the end of diastole (R wave in the ECG).
The ventricular septal thickness was measured within the
septum, and the diastolic diameter from the leading edge of
the ventricular septum (endocardium included) to the
leading edge of the posterior wall (endocardium excluded).
Systolic diameter was measured from the maximal inferior
displacement of the ventricular septum.

Measurements of the mitral valve inflow were perfor-
med in the four-chamber view, at the tips of the mitral
leaflets, with the sample volume positioned inside the LV
cavity, oriented by color Doppler 44,45. The E wave was
measured at the beginning of diastole (end of the T wave of
the ECG). DT was measured from the peak of the E wave to
its total deceleration. A wave was measured at the begin-
ning of the QRS of the ECG. IVRT was obtained in the apical
five-chamber view, with the sample volume positioned
between the mitral inflow and the left ventricular outflow
tract, oriented by color Doppler and measuring the time from
the end of the aortic flow until the opening of the mitral
valve (beginning of the E wave)  45.
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Ejection fraction was automatically calculated by the
existing software in the equipment, using the Teichholz
formula.

Statistical analysis was performed using mean values
and standard deviations, median value, minimal and maximal
values and, for discrete variables, frequency distribution.
To compare the results obtained and verify if there was
statistical difference among the mean values of variables in
Groups A, B and C, variance analysis and the Tukey test
were used to establish the minimally significant difference
between groups. The Spearman test was used to establish if
there was a correlation between the E/A ratio in Group B
and CD4 cell count.

Results

Among 375 patients registered in the program DST/
AIDS, 84 were selected according to the established
protocol. Patients with H (89), diabetes mellitus (25), angina
(16), chronic obstructive pulmonary disease (15), chronic
renal failure (13), chronic alcoholism (12), valvar diseases
(12) and arrhythmias (9) were excluded. In addition, 43
patients refused to participate in the study; 41 died before
they completed the protocol; and in 11, the echocardiogram
was technically inadequate due to the thorax of the patient
or because of tachycardia secondary to infection at the time
of the exam.

Age ranged from 18 to 59 (mean 34±9) and patients were
divided into two groups, according to their immunological
compromise: Group A comprising 59 patients with CD4 cell
count >500/mm3 and Group B, 25 patients, with more
advanced infection and CD4 cell count < 500/mm3. There was
no statistical difference in the age or the heart rate among the
three groups (table I). All patients in Group B were on
antiretroviral drugs. Results were compared with those
obtained in 47 patients from the control group (group C).

Group B had a 31.5% incidence of LV systolic dys-
function, 8% of pericardial effusion and 12% of moderate
mitral regurgitation. There was a significantly lower frac-
tional shortening and higher LV systolic diameter in these
patients (P < 0.05, table II)

The A wave velocity from the mitral flow was statis-
tically different among groups, with a lower E/A ratio in

more advanced cases (Group B). But there was no statistical
difference in the IVRT, and the DT was paradoxically
decreased in Group B (table III).

Discussion

Several studies have shown the relationship between
AIDS and the heart at some stage of the disease. Pericardial
effusion and pericarditis are the most frequently recognized
heart diseases in AIDS 26-33. Pericarditis due to specific
agents has been described, and Mycobacterium tubercu-
losis 16,46 is the most frequently found agent. In a study of
patients with clinical symptoms of heart disease, 22% had
evidence of cardiac tamponade, and 33% had an important
pericardial effusion 16. In a series of 88 in-patients with
AIDS at the San Francisco General Hospital, pericardial
effusion was the most common abnormality, occurring in
30% of the patients 47. In a prospective study by DE of
patients with AIDS, pericardial effusion was found in 5%,
and this increased to 11% per year in the follow-up. These
patients had a worse prognosis 41 when compared with
those who did not develop pericardial effusion during their
follow-up (36% versus 93% in six months), and this worse
prognosis was independent of the CD4 cell count 48.
Recently, other authors have also described a worse
prognosis in AIDS patients who develop pericardial
effusion 49. The etiology of pericardial effusion can vary and
can be related to the infection by the HIV virus itself or to
another opportunistic agent, such as Coxsackievirus or
cytomegalovirus, or even cardiac involvement by a malign
process associated with AIDS, such as Kaposi sarcoma.
Cardiac tamponade may or may not occur  27,30,31,33.

Cardiac involvement is one of the most controversial

Table I - Demographic data in studied groups

Group A (n=59) Group B (n=25) Group C
(n=47)

Age (years)* 34±9 32±7 34±11
Male Sex % 57 60 30
White %* 62 53 76
HR (bpm)* 74±5 82±6 81±5

* No statistical difference among groups.

Table II - Morpho-functional data and systolic function

Group A (n=59) Group B (n=25) Group C (n=47)

LA (mc) 2.9±0.3 3.4±0.6 3.1±0.6
LVd (cm) 4.1±0.5 4.4±0.8 4.2±0.8
LVs (cm) 2.7±0.3 3.5±0.7* 2.5±0.7
∆D% 35.0±3.0 28.0±2.0* 39.0±3.5
PE% - 8.0 -
Mild MR %** - 12.0 -

LA-left atrium; LVd- left ventricular diastolic diameter ; LVs- left
ventricular systolic diameter; MR- mitral regurgitation; DD%: fractional
shortening; PE- pericardial effusion; *p<0.05.

Fig. 1 - Correlation between CD4 cells count and the E/A ratio in HIV positive patients.

E/A RATIO
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topics in AIDS. Cohen et al 12 reported three cases of
patients with AIDS who had clinical, structural and
echocardiographic abnormalities suggestive of dilated
cardiomyopathy (DCM). Microscopy showed inflamma-
tory cells, myofibrillar atrophy and myocardial necrosis.
Reilly et al 15 described the autopsy of 58 patients with
AIDS; 12% had cardiovascular abnormalities, including
heart failure and arrhythmias. All had focal myocarditis at
autopsy, which was believed to be of viral origin. Left
ventricular dilation, heart failure and segmental or diffuse
hypokinesis have been described 28,37. De Castro et al 50 in a
prospective study of 137 HIV- infected patients and 40
healthy controls noted that 7.3% of the patients developed
cardiac symptoms characterized by heart failure; 5.1% had a
DCM; 6.5% had global hypokenesis of the LV with or
without dilation and 12.4% had segmental abnormalities of
the left ventricular walls. These patients did not have risk
factors or atherosclerotic coronary artery disease.

The physiopathology of the ventricular dysfunction
in AIDS remains undetermined. The fact that the myocar-
dial cell does not have a CD4 receptor contradicts the
theory that HIV has a direct action on myocardial cells.
Opportunistic infections, such as toxoplasmosis, cytome-
galovirus and Epstein-Barr virus, can cause myocardial
damage. 32 Souto et al 51 described a case of a man with AIDS
who had a focal neurological problem and developed
clinical signs of myocardial failure. His echocardiogram
showed LV dysfunction, and he ultimately died. An
anatomo-pathological examination of the heart showed
degenerative abnormalities of the muscle fibers, lym-
phocytic focal infiltrates and the presence of Toxoplasma
gondii. A Brazilian study of the clinical-pathological
correlation, which aimed at analyzing myocardial abnor-
malities in patients with AIDS, retrospectively examined 50
patients, ages ranging from 3 months to 40 years, and
reported myocarditis in 33 cases 52. Degenerative histolo-
gical lesions were present in 17 patients. The etiological
agents were as follows: toxoplasma in 11 cases, Crypto-
coccus in 7 and cytomegalovirus in 3. In 12 cases, an
etiological agent was not found, and 15 others had evidence
of other lesions: endocarditis, pericarditis and Kaposi
sarcoma.

Okoshi and Montenegro 53 studied the incidence and
etiology of the cardiac lesions in patients with AIDS in a
retrospective study of 72 necropsies. In none of the

necropsies was death considered secondary to the heart
lesion, but macro- and microscopic abnormalities were
found in 90% of the cases. Cardiac fiber atrophy, associated
or not with interstitial edema and diffuse lipomatosis, was
observed in 51% of the cases. In 13 cases, a probable
etiological agent was demonstrated: Cryptococcus neofor-
mans in three and Mycobacterium tuberculosis, atypical
microbacteria, Toxoplasma gondii, Trypanosoma cruzi and
cytomegalovirus in two each.

Recently, a prospective study where 952 HIV- infected
patients were followed by DE to determine the incidence of
DCM was published 54. All patients with the diagnosis of
DCM by DE underwent endomyocardial biopsy for histo-
pathological, virological and immuno-histological study.
Eight per cent of these patients developed DCM, and this
incidence was higher in patients with a CD4 cell count <400/
mm3 and in those receiving zidovudine. A histopathological
diagnosis of myocarditis was established in 83% of the
patients with DCM. Hybridization in situ detected the HIV
nucleic acid sequence in the myocytes of 58 patients, and 36
of these had active myocarditis. The authors concluded
that DCM can be caused by the direct action of HIV on the
myocardium or by an autoimmune process, possibly
associated with other cardiotropic viruses. The examination
of the heart in all these studies showed a high incidence of
pathological abnormalities that can be found in AIDS. In
addition to the direct action of HIV, of other opportunistic
agents and of associated malign processes, other hypo-
theses have been offered. Myocardial damage can result
from cytokinins released by HIV infected lymphocytes or
monocytes, nutritional deficiency, autoimmune dysfunc-
tion, and the action of antiviral agents, such as AZT 35,55-57.

In our study, the incidence of pericardial effusion in
HIV- infected patients with a more advanced disease (CD4
cell count <500/mm3) was 8%, which was a lower percentage
than previously reported in the literature, where pericardial
effusion has been described as the most frequent finding.
Our patients had a 31.5% prevalence of diffuse hypokinesis
of the LV, with a significant increase in the systolic diameter
of the LV, when compared with Group A patients (table II).
HIV- infected patients with a CD4 cell count >500/mm3 had
no structural abnormalities revealed by DE.

Heart failure due to DCM was described in three
patients with AIDS in 1986 12. In the last few years, DE and
autopsy studies have shown that systolic dysfunction is an

Table IIII – Daistolic parameters in the studied groups

Group A (n=59) Group B (n=25) Group (n=47)

E wave (cm/s) 76.07±20.62 74.36±17.63 75,55±15,39
A wave* (cm/s) 54.71±11.71 57.16±11.53 49,47±11,88
E/A ratio ** 1.43±0.42 1.35±0.43 1,58±0,40
IVRT(ms)*** 78.03±16.92 82.16±16.65 83,32±14,50
DT(ms)* 151.03±40.69 142.44±35.98 162,62±29,46

DT- deceleration time of the E wave; IVRT – isovolumic relaxation time; * statistical difference among the mean values of the three groups; ** statistical difference
at the 5% level between mean values of groups B and C; *** no statistical difference among groups (p>0.05).
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important cause of morbidity and mortality in AIDS
patients. Although the prevalence of systolic dysfunction
in these patients seems to vary from 2 to 40%, it is usually
accepted that symptomatic heart failure will occur in appro-
ximately 5% of infected patients, especially in those in the
end stage of the disease 28,35.

In our study, we found a prevalence of LV systolic
dysfunction of 31.5% in Group B patients. The fractional
shortening of the LV was significantly lower in these patients,
indicating a decrease in LV global systolic function (table II).

LV diastolic dysfunction has been described as the
first abnormality of several cardiovascular diseases. In a
research conducted by Coudray et al 57, LV diastolic
function estimated by DE in HIV patients showed an
increase in the IVRT and a decrease in the E wave velocity
when compared with control patients. These data suggest
an early myocardial involvement during HIV infection,
without significant clinical impact. On the other hand, in a
study involving 60 patients with AIDS, E/A ratio was mildly
but significantly reduced in patients with advanced
infection, while it was normal in control patients 36.

In the present study we tried to correlate abnor-
malities of the mitral flow in HIV positive patients in two
different stages of the disease. There was statistically a
significant difference in the mean value of the A wave
among the three groups, being higher in Group B patients,
who also had a lower CD4 count. E wave velocity was not
different among the three groups but the E/A ratio was
significantly lower in Group B and C (table II). However,
although the E/A ratio was statistically different, it
remained in the normal range in Group B (>1). DT was also
found to be shorter in Group B, which is the opposite of
what would be expected in the abnormal relaxation pattern
of the LV. These discrepancies are probably related to the
small number of patients, since the observed differences,
although statistically significant, were very small. When we
tried to correlate the E/A ratio with the CD4 cell count using

the Spearman test, we could not find a direct linear rela-
tionship between a probable ventricular relaxation abnor-
mality and the stage of the disease. Patients with a very low
CD4 cell count (8/mm3, for instance) had an E/A ratio in the
range of 2, while patients with a CD4 cell count close to nor-
mal had an E/A ratio <1; r=0.075, which corresponds to a p
value of 0.720 (fig. 1).

Also, the IVRT, which is considered a much more
reliable index of LV diastolic function, was not statistically
different among the study groups (table II). Therefore,
although a statistically lower E/A ratio was found, diastolic
dysfunction in these patients could not be established. Not
only the E/A ratio failed to correlate with the stage of the
disease, but the observed changes were too small. In
addition, other factors, such as dehydration, electrolyte
abnormalities and even the use of some antiretroviral drugs,
such as AZT, that can influence diastolic function, may
have been present and influenced the mitral flow 54,55.

In conclusion, in our study, where asymptomatic
patients with HIV infection did not show significant
Doppler echocardiographic abnormalities, HIV patients
with a CD4 cell count <500/mm3 had a higher incidence of
pericardial effusion and of LV diffuse hypokinesis, sugges-
ting a diffuse myocardial damage. This damage may be
associated with an infectious agent (the virus itself or an
opportunistic agent) or with the use of antiretroviral drugs
in these patients. Other etiologies can not be disregarded,
however, because other diseases were not ruled out in
these patients. Up to the end of the study, patients remai-
ned asymptomatic, but a longer period of follow-up would
have been necessary to detect symptomatic heart failure.
The incidence of pericardial effusion was significant, but it
was lower than previously reported in the literature. The
abnormalities of the E/A ratio did not correlate with the
immunosuppression stage of the disease, and we can not
even state that abnormal diastolic relaxation was present in
these patients.
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