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ABSTRACT

Objective: To predict women at risk of preeclampsia in
the second trimester by the assessment of maternal cardiac
output (CO).

Methods: Between October 2001 to November 2003, we
carried out a cross-sectional, prospective, hospital-base
study in Shiraz University of Medical Sciences, Shiraz,
Iran. Cardiac output was measured in 102 normotensive
women at gestational age 19-25 weeks by Doppler
echocardiography. Patients with CO >7.4 L/min were
considered high risk group (Group 1) and those with CO
<7.4 L/min were in Group II. They were followed-up until
delivery and the incidence of preeclampsia was determined
in both groups.

Result: Twenty percent (6/30) of patient in Group 1,

and 1.4% of patients in group II developed preeclampsia
(p<0.003). A cut off point of 7.34% L/min was chosen for
prediction of preeclampsia that showed 85.7% sensitivity,
74.2% specificity with a negative predictive value of 98%
and positive predictive value of 20%.

Conclusion: Cardiac out put is significantly elevated in
preclinical state of preeclampsia. Echocardiography is a
non-invasive method toevaluate the maternal homodynamic
during the second trimester and can help to identify high-
risk patient before the development of preeclampsia,
thereby it may improve the outcome of pregnancy.
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Pregnancy causes major changes in the maternal
circulation, which require necessary adaptation
in order to develop normally. When this adaptation
failed to occur, the consequence is hypertensive
disorder including preeclampsia.'? Preeclampsia
is a multisystem disorder, peculiar to and frequent
in human pregnancy. It remains a leading cause
of maternal and neonatal mortality and morbidity
and affecting 7-10% of pregnancies.>* It involves a
marked and generalized vasoconstriction, secondary
to endothelial dysfunction. In these cases, the
hemodynamic situation is different from that of the
normal pregnancy and characterized by high cardiac
output (CO) in a preclinical phase of disease.**

Some longitudinal studies clearly demonstrated the
existence of a hyperdynamic circulatory state during
the latent phase of preeclampsia. In this situation, a
significantly elevated cardiac output in presence of a
normal or low total peripheral resistance is present
early in pregnancy and is further exaggerated during
the latent phase.® In order to measure hemodynamic
status in pregnancy, non-invasive techniques have
been validated such as Doppler ultrasonography,
echocardiography, and thoracic electrical
impedance.'” Combinations of echocardiography and
Doppler ultrasound provide a unique non-invasive
method that is simple, quick and cause no discomfort
for the patient. These physiologic changes in women
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with preeclampsia can be detected as early as the first
and second trimester.® The aim of this study was to
evaluate the CO in second trimester of pregnancy and
its predictive value for preeclampsia.

Methods. Between October 2001 to November
2003, a cross sectional, prospective, university
hospital base study was carried out to measure the CO
of 102 normotensive pregnant women at 19-25 weeks
of gestation (gestation was confirmed by ultrasound
examination). Written inform consent was obtained
before inclusion, and approval was obtained from the
Hospital and University Ethics Committee. Inclusion
criteria were: primigravida, age <35 years, no history
of renal or cardiac disease or hypertension. Exclusion
criteria were chronic hypertension, chronic illness or
long term use of medication, history of any collagen
vascular disease and twin pregnancy. Hemodynamic
measurement was carried out in the left lateral
recumbent position after at least 5 minutes of rest, for
all patients between 19-25 weeks of pregnancy. They
were monitored by using Doppler echocardiography
performed by a single observer. The employed
method for measurement of ventricular volume was
Simpson’s rule, in which the endocardium was traced
during systole and diastole in apical 4-chamber view
and were automatically subdivided in to a series of
disc by the echocardiography. The volume of each
disc was calculated as disc area (IIr2) multiplied by
the height of each disc. The volume of each separate
disc was then summed to provide the volume of the
ventricles during systole and diastole. By subtracting
the ventricular volume during systole from that of the
diastole, the ejection volume was calculated. Cardiac
output was calculated by multiplying the ejection
fraction volume by the heart rate. The other method
used was measuring the CO using the continuity
equation based on Doppler determination of
volumetric flow. Flow through the tubular object can
be calculated as area times mean velocity (integrated
flow velocity). This phasic flow times the heart rate
equals the cardiac output (CO = Area x integrated
flow velocity x heart rate). Then the average of
both methods was calculated and considered as CO
of the patient. Blood pressure was measured using
a mercury sphygmomanometer according to the
recommendation of the American National High
Blood Pressure Education Working Group before
echocardiography. The mean arterial pressure (MAP)
calculated by using the following formula: MAP
= [2(diastolic blood pressure) + (systolic blood
pressure)] / 3, and total peripheral resistance (TPR),
calculated by using the following formula: TPR =
80 (MAP)/CO depending to the level of CO subjects

were divided into 2 groups: patients with CO >7.4
L/min were considered high risk (group I) and those
with CO <7.4L/min were in group II. All pregnant
women had prenatal care visit in the prenatal clinics
until delivery. At each visit the blood pressure was
recorded in the sitting position and first and fifth
Korotkoff sounds were used to determine the systolic
and diastolic component. Intrapartum blood pressure
was recorded and urine was checked for protein if
indicated. Preeclampsia was defined as an absolute
blood pressure of at least 140/90 mm Hg on at least 2
occasions, 6 hours apart after 20 weeks of gestation
with significant proteinuria (at least 1+ by dipstick).
They were followed-up until delivery and the incidence
of preeclampsia was measured in both groups. The
incidence of preeclampsia was compared between
low risk and high-risk groups by chi-square test. The
receiver operator curve analytic technique was used
to determine the best cut off value for prediction of
preeclampsia. The sensitivity, specificity, positive and
negative predictive values were calculated according
to this cut-off point. Data were expressed as mean +
SEM; p<0.05 was considered statistically significant.
All statistical procedures were performed using SPSS
software (Statistical package for the Social Sciences,
version 10.0; SPSS Inc., USA).

Results. Two patient delivered preterm (28, 32
weeks) and they were excluded. In 100 patients,
the mean CO was 6.5+1.8 L/min and the mean
gestational age was 21.8+ 2.2 weeks at the time of
CO measurement. Mean maternal age, gestational
age at the time of echocardiography and birth weight
of fetus was not significantly different in both
groups. However, the mean of CO, heart rate, stroke
volume, systemic vascular resistance and maximum
systolic and diastolic pressure during delivery
was significantly different between the 2 groups
(p<0.005). About 45% of asymptomatic pregnant
women had mild mitral valve prolapse (MVP). Six
out of thirty pregnant women in group I and one
out of seventy gravid patients in group II developed
preeclampsia (p<0.003). There were no any perinatal
mortality and morbidity in each group. Only 2 cases
of premature delivery which excluded from the
study. Hemodynamic measurements of both groups
are shown in Table 1. By receiver operator curve, a
cut of point of 7.3 L/min was chosen for prediction
of preeclampsia. Sensitivity at this point was 85%,
specificity 74.2%, negative predictive value 98% and
positive predictive value 20% (Figure 1). It means
that 85% of nulliparous women with CO >7.3 L/min
in second trimester have risk to develop preeclampsia
during the course of pregnancy.
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Table 1 - Clinical and hemodynamic measurement of both experimental groups.

Kazerooni and Khosropananh

Clinical and hemodynamic measurement Group 1 Group II P value
(CO >7.41 L/min) (CO =7.41 L/min)
N=30 N =70
Maternal age (years) 232+43 239+4.2 NS
Gestational age at the time of echo ( week) 21.6+1.9 219+23 NS
Cardiac out put (L/min) 8.8+1.3 5.6+0.9 0.0001
Heart rate (beat/min) 107.3 £ 13.5 93 +1.1 0.0001
Stroke volume (ml/min) 82.1+11.7 60.8 +£10.5 0.0001
Arterial pressure (mm Hg) 87.3+8.1 81.9+6.7 0.002
Systemic vascular resistance (dyne.sec.cm™ 801.5 101 1193 +213.7 0.0001
Gestational age at delivery (weeks) 38.5+1.1 389+1 NS
Birth weight (g) 3076.3 +£353.5 3128 +345.2 NS
Maximum systolic BP during delivery (mm Hg) 125.6 £ 13.5 117.4 +11.6 0.006
Max Diastolic BP during delivery(mm Hg) 80 = 108 74.7+6.5 NS
P value of <0.005 were considered significant, BP - blood pressure, NS - not significant, CO - cardiac output.
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Figure 1 - Receiver operator curves for cardiac output. Cut-off level
was set at 7.34 L/min.

Discussion. The cardiovascular system undergoes
significant changes in association of preeclampsia,
which ultimately leads to classic low cardiac out put,
and systematic vascular resistant state.” Although
most of the studies reported that higher CO and lower
vascular resistance in early pregnancy suggesting
an increase plasma volume,>%!%! 2 other studies
observedevidence foradiminished plasmavolume.!>!?
In our study, we used echocardiography to measure
CO. Easterling et al,'® also have demonstrated that
this technique is an accurate method for measuring
CO during pregnancy. They also showed that
nulliparous women with a CO >7.4 L/min in the
second trimester were twice as likely to experience
preeclampsia.’ In comparison to our study, both cut
off points were too close (7.34 L/min versus 7.4 L/
min) and it means that this point may be considered
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Table 2 - Demographic data of experimental groups.

Demographic data Mean + SD
Maternal age (year) 23.7+4.2
Gestational age at the time of Echo (week) 21.8+2.2
Cardiac out put (L/min) 6.5+1.8
Heart rate (beat/min) 973+ 135
Stroke volume (ml/min) 67.2+14.6
Mean arterial pressure (mm Hg) 83.5+7.5
Systemic vascular resistance (dyne.sec.cm™) 1075.5 £ 256.4
Gestational age at delivery (week) 38.8+1
Birth weight (g) 3112.3 £346.7
Maximum systolic blood pressure (mm Hg) 119.9 £ 12.7
Maximum diastolic blood pressure (mm Hg) 763 +8.3

as a critical point for measurement of CO in early
pregnancy. In the preclinical phase of preeclampsia,
when the blood pressure is still normal, a generalized
fall in vascular tone by systemic vasorelaxation
causes an increase in blood volume, heart rate
and cardiac output.’ Knowledge of the existing
circulatory state should lead to a more rational use of
antihypertensive therapies, appropriately tailored to
the hemodynamic profile. Easterling et al,” conducted
an intervention study to determine whether reducing
the abnormally elevated CO would decrease the rate
of preeclamsia.'* For this reason, they used atenolol
100 mg daily or placebo. Treatment with atenolol
was associated with the development of preeclampsia
in 3.8% compared with 18% in those treated with
placebo, suggesting that a hyperdynamic circulation
contributes to the pathogenesis of preeclampsia. The
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circulatory cross-over found in preeclampsia might
also indicate increase in prenatal morbidity. Our
results imply that the timing of this cross-over is the
important factor in this respect because the earlier
it occurs, the greater the need for preterm delivery.
Although the current study showed that in those
patients who become preeclamptic, there is a higher
rate of low birth weight and premature delivery, but
these differences were not statistically significant
(Table 2). Butters et al'> reported that 67% of babies
weighted less than the 10th percentile at birth after
mothers were treated empirically with atenolol for
chronic hypertension. In contrast, Easterling et al,
hypothesized that selection of appropriate patients
for treatment with atenolol, particularly those with
elevated CO, resulted in the reduced rate of small for
gestational age of fetuses in their studies.!* Blood
pressure and plasma volume regulation is an intricate
system with strong auto regulating mechanisms
attempting to maintain homeostasis. Knowledge of
the early pregnancy maladaptation and the role of
pre-existing hypertension is limited. Antihypertensive
drugs are still the mainstay in the management of
preeclampsia. However, the blood pressure cut off
value for starting the treatment is still controversial.
In addition, the preferred type of medication and its
effect on maternal plasma volume expansion cannot
be concluded from our study or the other available
literature. More randomized study with clinical
endpoint is suggested.
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