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Abstract. Nine pediatric symptomatic patients infected with human immunodeficiency virus with elevated
pulmonary arterial pressure (MPA pressure) and ejection fraction (EF); and with fractional shortening, (FS)
mean velocity of circumferential fiber shortening (MVCfc) and left ventricular peak systolic wall stress (PS)
were prospectively evaluated using 2-dimensional and M-mode serial echocardiography and Doppler
cardiography after administration of an ACE inhibitor (Inhibace 0.025 mg/kg/D orally) for 12 weeks.

The MPA pressure was not decreased, however the MVCfc and PS improved significantly (p < 0.05).
Further, long term evaluation is required to determine its effect in preventing dilated cardiomyopathy and

elevated mean pulmonary pressure.

INTRODUCTION

Human immunodeficiency virus infection in
children causes numerous abnormal cardiovascular
functions including dilated cardiomyopathy
(Cheitlin, 1994; Harson and Shearer, 1990;
Kavanaugh-McHugh et al, 1991). Although vari-
ous pathogenic mechanisms for the dilated car-
diomyopathy had been postulated, abnormal car-
diac functions such as mean pulmonary arterial
pressure (MPA pressure), ejection fraction (EF),
fractional shortening (FS), mean velocity of cir-
cumferential fiber shortening (MVCfc) and left
ventricular peak systolic wall stress (PS) had not
been considered to be causes of the dilated cardio-
myopathy (Farror et al, 1993; Grogan et al, 1992;
Juilliere et al, 1994; Olsen, 1992).

Although angiotensin converting enzyme in-
hibitors (ACEI) enhance improvement of coronary
blood flow and systemic vascular dilatation, a po-
tent ACE inhibitor, Cilazapril, as demonstrated by
recent studies (Clozel and Hefti, 1988; Deget and
Brogden, 1991; Doyle, 1992; Hoffman, 1992;
Kiowski et al, 1991; Kloner and Przyklenk, 1993),
can improve myocardial metabolism and prevent or
reduce end-organ damage. The aforementioned
effects may improve those abnormal ventricular
functions.

The purpose of this study was to compare the
mean pulmonary arterial pressure and other ven-
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tricular functions before and after treatment with
ACEI (Cilazapril) in order to provide baseline data
for further studies about the dilated cardiomyo-
pathy in HIV infected children.

MATERIALS AND METHODS

_Nine of twelve patients who had high levels of
mean pulmonary arterial pressure in our previous
studies (Pathmanand et al, 1997) with the age ranged
from 9 to 26 months, received ACEI (Cilazapril,
Inhibace® 0.025 mg/kg/day oral route) after in-
formed consent had been granted. The study was
performed during January to December 1993. An
Aloka SSP 860 M-mode and two dimensional
echocardiography with 3.5 mHz phase array with
doppler tranducer was used for the doppler interro-
gation, in which the standard views were obtained
(Feigenbaum, 1986). The patients were completely
sedated with chloral hydrate 50-70 mg/kg/dose oral
route. Serial follow up was obtained on the first,
fourth, eighth and twelveth weeks respectively.

Data analysis

The methods of determining ejection fraction
and fractional shortening were standard. The mean
pulmonary arterial pressure was culculated by the
method of Chotivittayatarakorn et al (1992).

MPA pressure = 120-2.4 (AT/ET x 100), where
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MPA pressure is the mean pulmonary arterial pres-
sure (mmHg). Onset of ejection time (ET) was
defined as the first point following the QRS com-
plex at velocity exceeded zero. End ofejection time
was definded as the point at which the velocity had
fallento zero. Acceleration time (AT) was definded
as the time between the onset of ejection time and
the time at the point with the highest flow velocity
(Fig 1).

The mean velocity of circumferential fiber short-
ening (MVCfc) and left ventricular peak systolic
wall stress (PS) were obtained by the methods of
Colan et al (1984), Franklin et al (1990).

MVCfc = LVED - LVES/LVED x (ET/NR-R),
where MVCfc is the mean velocity of circumferen-
tial fiber shortening corrected by heart rate (cir/
sec), LVED = left ventricular end-diastolic dimen-
sion (cm), LVES = left ventricular end-systolic
dimension (cm), ET = ejection time (sec) and VR-R
= the square root of R-R interval from the EKG
monitoring.

PS = 1.35 x PSP x LVES /4x PWS (1 + PW§S/
LVZES), where PS is the stress at peak systole (gm/
cm’), PSP = pressure at peak systole (mmHg), PWS
=left ventricular posterior wall thickness at systole
(cm) (Fig 2). The normal valuesare 1.1 £0.15 (cir/
sec) and 63.3 £ 12 (gm/cmz) respectively.

Statistical analysis

Groups comparison between the first day to the
twelveth week were analyzed by the Wilcoxon
Signed Rank Test. A p value <0.05 was considered
significant.
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Fig 1- Parasternal Short-Axis view, with continuous
wave Doppler superimposed in the main pulmo-
nary artery and Doppler spectral wave form of the
pulmonary flow velocity from this location. PEP
= pre-ejection period, AT = acceleration time, ET
= gjection time, PV = peak velocity.
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Fig 2- Parasternal Long-Axis view, with M-mode Dop-
pler supperimposed in the left ventricle.
LVED = Left ventricular end diastolic diameter
LVES = Left ventricular end systolic diameter

PWS = Posterior wall thickness at peak sys-
tole
ET = Ejection time obtained from the stand-

ard view (Fig not shown)

RESULTS

The ejection fraction and fractional shortening
were in high levels in most cases. After adminis-
tered with Cilazapril, the levels were not lowered
significantly. Together with the mean pulmonary
arterial pressure which was abnormaly high, dem-
onstrated no significant change (Tables 1, 2).

In contrast, the mean velocity of circumferential
fiber shortening and the left ventricular peak systolic
wall stress improved significantly, after Cilazapril
on the twelveth week (Table 3).

DISCUSSION

There are many studies explaining the patho-
genesis of the pulmonary hypertension in the pa-
tients with acquired immunodeficiency syndrome
(AIDS), either directly from virus infection or me-
diated through the infected T-cells which cause
pulmonary arteriolar endothelial cell proliferation
and proliferating abnormal vessels (Coplan et al,
1990; Diaz and Clanton, 1993; Himeiman et al,
1989; Kane, 1992; Legoux et al, 1990; Mani and
Smith, 1994; Polos ef al, 1992; Speich et al, 1991).

In case of high pulmonary pressure secondary to
the cardiovascular system, it may result from thg
obstruction of the pulmonary drainage, the high
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Table

1

Age, sex and mean pulmonary arterial pressure (MPA).

Case Age Sex Do 1" wk 4" wk 8" wk 12" wk
1 1Y IM F 60 50 52 48 45
2 1Y 4M F 50 50 48 46 48
3 M F 43 40 42 37 40
4 1Y 11IM M 61 60 58 55 58
5 1Y 10M M 47 46 44 48 44
6 1Y 10M M 60 50 48 49 48
7 2Y 2M F 60 50 54 46 51
8 1Y 'M M 47 48 41 44 41
9 1Y 3M F 43 40 42 44 40
M : F
X1Y4iM 4 5
p>0.05
Table 2
Ejection fraction and fractional shortening.
Case Ejection fraction % Fractional shortening
No. Do "wk 4wk 8wk 12wk Do 1"wk 4wk 8"wk 12wk
1 0.78 0.76 0.77 0.74 0.76 41 40 38 40 41
2 0.78 0.74 0.76 0.78 0.77 40 4] 40 41 4]
3 0.85 0.84 0.84 0.86 0.84 50 48 47 46 48
4 0.83 0.82 0.81 0.83 0.82 48 47 46 48 47
5 0.83 0.81 0.80 0.85 0.84 51 50 51 50 49
6 0.78 0.74 0.76 0.77 0.76 42 41 40 42 41
7 0.82 0.84 0.82 0.84 0.80 41 40 40 41 41
8 0.76 0.80 0.79 0.71 0.72 40 42 40 38 41
9 0.75 0.74 0.76 0.77 0.74 38 36 39 38 37
p > 0.05
Table 3
MVCfc and PS.
Case MVCfc PS
No. Do I"'wk  4"wk 8"wk 12°wk Do I"wk 4"wk 8wk 12"wk
1 1.41 1.41 1.39 1.22 1.02 84.64 84.44 82.44 80.16 78.66
2 1.36 1.36 1.34 1.04 0.96 129.23 128.24 116.83  106.14 88.16
3 1.61 1.54 1.42 1.34 0.94 141.33 141.12 132.54 124.11 74.36
4 1.60 1.56 1.40 1.24 0.93 132.34 131.13 122.31 114.33 84.86
5 1.40 1.41 1.26 1.16 0.88 134.72 131.24 121.16 111.33 81.84
6 1.44 1.42 1.31 1.13 0.83 104.12 102.31 96.34 93.91 93.34
7 1.42 1.36 1.22 1.02 0.84 122.14 121.42 112,31 82.84 75.91
8 1.40 1.40 1.31 1.09 0.91 92.32 9396 91.32 89.31 85.84
9 1.36 1.32 1.21 0.95 0.88 96.44 92.94 90.10 89.84 71.08
p>0.05 p>0.05
MVCfc = Mean Velocity of Circumferential fiber shortening
PS = Left Ventricular peak systolic wall stress
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flow into the pulmonary bed and the low cardiac
output state which is severe enough to cause re-
duced mixed venous PO, (Mercy and Reynolds,
1981; Nunn, 1993). Nine of our twelve cases
revealed an increased pulmonic component of the
second heart sound and increased mean pulmonary
arterial pressure by echocardiogram.

Relief of the chronic hypoxia is considered ef-
fective (Kane, 1992). Other specific drugs, either
acetylcholine or nitric oxide which require continu-
ous administration will also lower the pulmonary
pressure (Nunn, 1993).

Although vasodilators such as calcium channel
blockers or ACEI have the effect of lowering the
pulmonary arterial pressure (Benedict, 1994; Nunn,
1993), they contain no specific action on the pulmo-
nary circulation. However, Cilazapril (ACE inhibi-
tor), as reported in many studies, provided a cardio-
protective mechanism and improved the vascular
compliance. Its action is either through a biochemi-
cal change of neurohormonal systems or its local
action in reducing fibroblast proliferation and col-
lagen synthesis which might decrease the pulmo-
nary pressure level (Benedict, 1994; Mani and Smith,
1994; Nunn, 1993; Polos et al, 1992).

From our study, although the high level of pul-
monary arterial pressure was not significantly lower
after Cilazapril administration, nevertheless the
mean velocity of circumferential fiber shortening
and left ventricular peak systolic wall stress, a load
independent parameter, were reduced significantly,
either through its local effects upon the tissue
angiotensin converting enzyme in the myocardium
or at the medial wall of the vessels.

Although many researchers have concentrated
on defining the pathogenesis of the dilated
cardiomyopathy (eg direct viral cytotoxicity, im-
munological responses such as antimyosin anti-
body in myocytes, spasm of the coronary micro-
vasculature or abnormal cardiac function and heart
failure (Joshi, 1988; Martino et al, 1994; Olsen,
1992), such studies were not performed in an HIV
infected group. Moreover the study Of MVCfc, PS
had not been documented in patients with dilated
cardiomyopathy or patients with HIV infection.

Our study has shown that Cilazapril decreases
the MVCfc and PS level, the mechanism of which
needs to be explained. The MVCfc and PS should
be studied in a larger group of either HIV infected
or dilated cardiomyopathic patients in order to test

378

the hypothesis that Cilazapril may prevent dilated
cardiomyopathy in HIV infected children.
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