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Evaluation of right ventricular function by Doppler tissue
imaging of the tricuspid annulus in patients with
acquired immune deficiency syndrome
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Abstract. Chronic heart disease contributes to the mortality
of patients with AIDS. Although studies of left ventricular
function in patients with acquired immune deficiency
syndrome (AIDS) have been conducted, studies of right
ventricular function are rare. The present study aimed to
characterize the tricuspid annulus movement and evaluate
the right ventricular function of patients with AIDS by
tissue Doppler imaging. Tissue Doppler echocardiography
was performed on 106 patients with AIDS and 64 controls.
Tricuspid annulus movements were detected from the apical
four-chamber view and the apical right heart two-chamber
view. The peak diastolic early period velocity (Ve), peak
diastolic later period velocity (Va) and peak systolic velocity
(Vs) were measured at the anterior, posterior and lateral
walls and also at the interventricular septum. Mean values
were calculated, as well as the Tei index of the lateral site.
Compared with the values in the control group, the Vs and
Va of the AIDS group decreased at all sites with the excep-
tion of the lateral wall, whereas the Ve decreased at all sites
of the tricuspid annulus (P<0.05). The Tei index was higher
in the AIDS group than in the control (P<0.05). The results
obtained in the present study show that the function of the
right ventricle decreases in patients with AIDS, which is
indicative of susceptibility to right ventricular dysfunction.

Introduction

Acquired immune deficiency syndrome (AIDS) is a serious
disease that spread rapidly in the world since 1984. AIDS
has spread rapidly in China as well as numerous other
developing countries. During the end of the last decade,
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AIDS spread rapidly through serum sampling in Henan
Province, China. Chronic heart disease contributes to the
mortality of individuals with AIDS (1,2). Although studies
of left ventricular function in patients with AIDS have been
conducted (3-6), studies of right ventricular function are rare,
thus, the phenomenon remains unclear. For this reason, the
present study investigated the characteristics of tricuspid
annulus movement and evaluated right ventricular function in
patients with AIDS by Doppler tissue imaging (DTI), which
is a quantitative method that evaluates ventricular myocardial
function, to explore whether the right ventricular function was
damaged in patients with AIDS.

Materials and methods

Patients. In total, 106 patients with AIDS were enrolled in the
study, comprising 46 males (43.40%) and 60 females (56.60%),
aged 20-59 years, with a mean age of 41.26+7.47 years. The
CD4 counts ranged between 1 and 390 cells/ul, with a mean
of 185.09+118.12/ul. All cases were infected by serum sample
and were confirmed to be infected with the testing of plasma
samples (GE Medical Systems, Horton, Norway) . The infec-
tion period was between 4 and 27 years, with a mean of
11.69+4.04 years. The AIDS group was compared with an
age- and gender-matched population of 64 normal subjects. No
abnormal observations in the control group were observed by
physical examination, X-ray, electrocardiography (ECG) and
echocardiography. None of the enrollees had a medical history
of cardiovascular abnormalities and none of the patients with
AIDS had undergone highly active antiretroviral therapy. The
study was conducted in accordance with the Declaration of
Helsinki and with approval from the Ethics Committee of
the People's Hospital of Zhengzhou University (Zhengzhou,
China). Written informed consent was obtained from all
participants.

Methods. Echocardiography was performed in all enrollees
using American GE Vivid 3 or 7 ultrasound systems (GE
Healthcare, Little Chalfont, UK), with transducer frequen-
cies of 1.7-3.5 and 1.5-4.0 MHz, respectively. Enrollees were
positioned in the left-lateral position and had normal respira-
tion. Doppler tissue velocity mode was used and focused at
the tricuspid annulus level, with a sample volume between 4
and 5 mm. Care was taken in directing the transducer beam as
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Table I. Contrast between the DTI parameters of the AIDS and control groups.

Site

Parameter

Anterior wall

Posterior wall

Interventricular septum

Lateral wall

Mean of four sites

Lateral wall

Vs (mm/sec)
Ve (mm/sec)
Va (mm/sec)
Vs (mm/sec)
Ve (mm/sec)
Va (mm/sec)
Vs (mm/sec)
Ve (mm/sec)
Va (mm/sec)
Vs (mm/sec)
Ve (mm/sec)
Va (mm/sec)
S (mm/sec)
E (mm/sec)
A (mm/sec)

Tei index

AIDS Control P-values
11.35+2.20 13.19+2.69 <0.001*
12.72+3.06 15.44+3.20 <0.001*
10.95+3.68 13.16+3.54 0.001*
11.23+£2.18 12.21+2.50 0.018*
12.45+£3 .43 14.84+3 .87 <0.001*
10.71+£3.39 12.34+4.78 0.026*

9.05+1.60 11.45+2.42 <0.001*
10.71+1.83 14.85+3.62 <0.001*

8.26+1.88 10.64+3.11 <0.001°
14.11+2.83 14.14+2.64 0.095
12.97+2 .38 15.53+3.62 <0.001*
13.86+4.30 14.70+4.13 0.284
11.44+1.45 12.74+2.09 <0.001*
12.21+1.93 15.17+3.05 <0.001*
10.97+2 .45 12.71+£3.18 0.001*

0.41+0.11 0.30+0.16 <0.001*

*P<0.05 was considered to indicate a statistically significant difference. DTI, Doppler tissue imaging; AIDS, acquired immune deficiency
syndrome; Vs, peak systolic velocity; Ve, peak diastolic early period velocity; Va, peak diastolic later period velocity.

close as possible to the DTI beam at <20° in selected planes.
Tricuspid annulus movements in all subjects were detected
from the apical four-chamber view and the apical right heart
two-chamber view. The peak diastolic early period velocity
(Ve), peak diastolic later period velocity (Va) and peak systolic
velocity (Vs) were measured at four sites (anterior, posterior,
lateral wall and interventricular septum) and the mean value of
these variables, including ‘s’, ‘¢’ and ‘a’, were calculated. The
DTI spectrum of tricuspid annulus movements includes three
waves: ‘s’, movement towards the apical during systole; ‘e’,
quick movement towards the roof of the atrium during early
diastole; and ‘a’, movement caused by atrium systole during
late diastole. At the lateral site of the tricuspid annulus, the
interval from the end of the ‘a’ wave to the beginning of the
next ‘e’ wave, was recorded as line A and the interval from the
beginning to the end of the ‘s’ wave was recorded as line B.
The Tei index was calculated using the following formula:
(A - B)/B. All parameters were measured three times and
mean values were obtained.

Statistical analysis. Data were analyzed using SPSS
version 11.5 (SPSS, Inc., Chicago, IL, USA) and are expressed
as mean + SD. A Student's t-test was used to compare the
mean values between the two groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

Fig. 1 shows the ‘s’, ‘¢’ and ‘a’ movement waves of the tricuspid
annulus in a patient with AIDS. Compared with the values in
the control group, the Vs and Va of the AIDS group decreased
in all sites with the exception of the lateral wall and the Ve

Figure 1. DTI wave of tricuspid annulus movement in a patient with AIDS.
Lines A and B were used to calculate the Tei index. DTI, Doppler tissue
imaging; AIDS, acquired immune deficiency syndrome.

decreased in all sites of the tricuspid annulus (P<0.05). The
mean values of Vs, Ve and Va at the four sites of the tricuspid
annulus showed a marked reduction in the AIDS group
(P<0.05). The Tei index increased significantly in the patients
with AIDS (P<0.05). All values are shown in Table I. These
results show that the systole and diastole functions of the right
ventricle were decreased in the patients with HIV/AIDS, indi-
cating that these individuals are susceptible to right ventricular
dysfunction.

Discussion

Recently, the improved control of opportunistic infection has
resulted in a greater awareness of cardiovascular complica-
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tions in individuals who are HIV positive or have AIDS (7-9).
Generally, cardiac complications are asymptomatic and may
be masked by symptoms of other complications, which leads
to negative results for X-ray and ECG examinations (10,11).
This highlights the importance of echocardiography in
HIV-associated cardiac dysfunction. Studies on cardiac
dysfunction in HIV/AIDS patients frequently investigate the
left ventricle (12-15). The ultrasound results included M-mode,
pulsed Doppler or strain. DTI is a technique that may be
employed to quantitatively study right ventricular function. The
technique measures the movements of the tricuspid annulus
or right ventricle myocardia, which reflect right ventricular
function. In addition, DTT is not affected by morphology,
pre-load, respiration, valve area or regurgitant (16). Similarly,
the technique is more direct and accurate than pulsed Doppler
or the M-mode in assessing right ventricular function by the
flow of the tricuspid and pulmonary valves or by the change of
right ventricle volume. At present, there are a limited number
of studies on the determination of right ventricular function in
HIV-positive individuals using DTT (17).

The Tei index is a parameter that reflects the systolic and
diastolic function of the heart (18). The results of the present
study showed that the DTI values of the tricuspid annulus
decreased, while the Tei index increased in patients with
AIDS. This indicated that the function of the right ventricle
in the AIDS patients was damaged; however, the mechanism
is not clear. Left ventricular dysfunction in patients with
HIV/AIDS may be caused by a number of factors, including
HIV infection, opportunistic infection, autoimmunity,
malnutrition, long-term immunodepression, neoplasm and
pharmaceuticals (19-23). Right ventricular dysfunction may
also be caused by the combined effect of pulmonary diseases,
including pulmonary infection and pulmonary microvascular
embolism due to embolus formation or drug injection. These
diseases increase pulmonary vascular resistance, pulmonary
artery hypertension and right ventricular dysfunction. In
addition, HIV itself may play a role in the development of
right ventricular dysfunction. However, the effects of other
factors, including the pathogeny of opportunistic infection,
immunomechanisms, pharmaceutical toxicity and neoplasms
are unclear and the development of right ventricular dysfunc-
tion may be due to multifactorial effects. The present study
demonstrated that the right ventricular function of patients
with AIDS was damaged, but the mechanism was unclear, and
further study is required.
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