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Abstract

Hypertensive disorders of pregnancy continue to be unresolved dilemma even today, with
dangerous repercussions on maternal, perinatal morbidity mortality. The prediction becomes
imperative for prevention. During pregnancy, normally there is increase in blood volume, heart
rate, stroke volume, and cardiac output, however, there may be variations and their
implications. The present study was done to know the predictive value of measurement of
cardiac output in early pregnancy for knowing the occurrence of hypertensive disorders. The
cardiac output (CO) was measured at 10 + 2 weeks, 14 + 2 weeks, 18 + 2 weeks, 22 + 2 weeks,
26 + 2 weeks, 30 + 2 weeks of pregnancy and 7 days post partum. Of 500 cases studied, in
those with high cardiac output, 7.4% developed hypertensive disorders, of cases who had
normal cardiac output , 0.5% developed hypertensive disorders and cases in whom cardiac
output was less, no one developed hypertensive disorders . The CO at 10+2 weeks had high
positive and high correlation with CO at increasing gestation. Those with high CO at 10+2 weeks
had a risk of developing hypertensive disorders with significant co relation between high
maternal CO and occurrence of hypertensive disorders.

Synopsis: Women with high cardiac output at 10+2 weeks of pregnancy are at high risk of
developing hypertensive disorders.
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Introduction

Hypertensive  disorders of pregnancy
continue to be responsible for maternal,
perinatal morbidity, mortality. Prevention of
hypertensive disorders of pregnancy would
be a very important contribution to the
prevention of maternal perinatal mortality,
but for prevention, prediction is essential, so
the research continues. Predictive modality
has to be feasible, cost effective, simple for
use in all the mothers who really need it.
Cardiac output increases by 30 to 50%
during pregnancy [1-51. In pregnancy, there is
increased blood volume, heart rate (HR),
stroke volume (SV), and cardiac output
(CO)1-31. It has been reported that maternal
blood volume and cardiac output increase
more in cases of hypertensive disorders of
pregnancy [6-8. So, it was decided to measure
cardiac output in early pregnancy to know
whether it is possible to predict hypertensive
disorders.

Objectives of the present study were to know
the predictive value of CO at 10 + 2 weeks of
pregnancy for CO in later weeks of pregnancy
and relation with the occurrence of
hypertensive disorder for knowing whether
it is possible to predict hypertensive
disorders by measuring CO in early
pregnancy.

Material Methods

The present prospective study was carried
out after taking approval of the ethics
committee of the institute. The study
subjects were pregnant women who had
reported to the outpatient at early gestation,
were willing, to follow; had birth at the place

of study and gave consent for inclusion in
study. During the study period, 7285
pregnant women had presented to
outpatient. Out of which 568 women of early
gestation (<12 weeks), were the study
subjects after taking informed consent, with
plans to follow and record the outcome of
pregnancy. All women included in the study
were primigravida, multigravida of 18-
40yrs with singleton pregnancy, however
most were of 20-34 yrs with no known
medical disorders, no obstetric problem at
the time of entry to study, real strength of the
study. CO was measured at 10 + 2 weeks, 14
+ 2 weeks, 18 + 2 weeks, 22 + 2 weeks, 26 +
2 weeks, 30 + 2 weeks of pregnancy, and
follow up was done till delivery and 7 days
post partum. Challenge was taking women to
the department of physiology for measuring
CO.

Detailed history was taken, examination and
investigations were done. Cardiac output was
measured by thoracic electrical impedance
plethysmography. Of the 568 women
registered in the beginning of the study, 68
were lost to follow up, so 500 were the final
study subjects.

Results

At 10 + 2 weeks, gestation mean cardiac
output was 5.77 L/min. Out of the total 500
women, 236 women had cardiac output
between 5-5.49 L/min, 4 (1.69 %) of them
later developed hypertensive disorders. 157
women had cardiac output between 5.5- 5.99
L/min, 30 (19.10 %) of them later had
hypertensive disorder significantly more (P
value <0.05) (Table 1) and the rest 7 were
lost to follow up.
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Table 1: Correlation between CO at 10 + 2 Weeks and Effect on Mother

Distribution of women
COIn Effect On Pregnancy
. TOTAL .
L/min Mother Disease
No %
No Disease No Disease 027 42.85
. Others 036 57.14
>5 Disease
63 HD
(12.6%) 000 00.00
Total 063 100.0
No Disease No Disease 200 84.74
. Others 032 13.55
Disease
236 HD
5-5.49 (47.2%) 004 01.69
Total 236 100.0
No Disease No Disease 096 61.14
. Others 031 19.73
Disease
157 HD
5.5-5.99 (31.4) 030 19.10
Total 157 100.0
No Disease No Disease 031 73.80
. Others 008 19.04
Disease
42 HD
6-6.49 (8.40) 003 07.14
Total 042 100.0
No Disease No Disease 000 00.00
. Others 004 100.0
Disease
> 6.5 04 HD
(0.80) 000 00.00
Total 004 100.0
Total 500 500 100.0

HD=Hypertensive Disorder, CO = Cardiac Output

At 20 £ 2 weeks, gestation mean cardiac
output was 6.14 L/min. Out of 500 women,
191 women had cardiac output between 6-
6.5 L/min, 3 of them ( 1.57%) later
developed hypertensive disorders, 126

women had cardiac output above 6.5 L/min,
33 (26.19%) later developed hypertensive
disorders (significant difference P value
<0.05) (Table 2).
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Table 2: Correlation between CO at 20 + 2 Weeks and Effect on Mother

Distribution of women
COIn Effect On Pregnancy
L/min TOTAL Mother Disease
No %
No Disease No Disease 02 20.00
| Others 08 80.00
Disease
10 HD 00 00.00
5-5.49
(2)
Total 10 100.0
No Disease No Disease 89 51.45
. Others 83 47.98
Disease
173 HD 01 00.57
5.5-5.99 (34.60)
Total 173 100.0
No Disease No Disease 185 96.86
| Others 03 01.57
Disease
191 HD 03 01.57
6-6.49 | (3820)
Total 191 100.0
No Disease No Disease 78 61.90
. Others 15 11.90
Disease
> 6.5 126 HD 33 26.19
) (25.20)
Total 126 100.0
500 500 100.0
HD=Hypertensive Disorder, CO = Cardiac Output
At 30 # 2 weeks, the mean cardiac output was developed hypertensive disorder (significant
6.36 L/min. Of 500 women 216 had cardiac difference from those with less CO (P value
output more than 6.5 L/min, 36 (16.66%) <0.05) (Table 3).
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Table 3: CO at 30 = 2 Weeks and Effect on Mother

COIn Effect On Pregnancy Distribution of women
L/min TOTAL Mother Disease
No %
No Disease No Disease 00 00.00
Others 05 100.0
Disease
05 HD 00 00.00
5-5.49 (1.00)
Total 05 100.0
No Disease No Disease 70 47.60
Others 76 51.69
Disease
147 HD 01 00.68
5.5-5.99 (29.4)
Total 147 100.0
No Disease No Disease 120 90.90
Others 12 09.10
Disease
132 HD 00 00.00
6-6.49 (26.4)
Total 132 100.0
No Disease No Disease 164 75.92
Others 16 07.42
Disease
> 6.5 216 HD 36 16.66
(43.2)
Total 216 100.0
500 500 100.0

Figures in bracket indicate %

HD=Hypertensive Disorder, CO = Cardiac Output

Cardiac output was not affected by residence
and age at any gestation ( P value at all
gestations was >0.05.), no significant
difference (P value >0.05 )in mean CO at
different gestations in relation to parity and
also no significant difference was seen with
age ,parity and mean CO at different
gestations as P value at different gestations
was >0.05.

There was no significant difference in mean
CO at different gestations in relation to BMI
(P value >0.05). Also, there was no significant
difference (P value >0.05) in mean CO at
different gestations in relation to age, BMI.

No significant difference (P value >0.05) was
seen in mean CO at different gestations in
relation to age, weight.

Overall, the CO at 10 # 2 weeks had a high
degree of correlation with cardiac output at
increasing gestation (P= < 0.001), and the
predicted cardiac output with increasing
gestation could be estimated using analysis
of variance of cardiac output at 10 # 2 weeks.
Overall, women who had high cardiac output
in early pregnancy were more prone to
develop hypertensive disorders.
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Discussion

As of present times, the ultimate primary
prevention of hypertensive disorders of
pregnancy is avoidance of pregnancy.
Secondary prevention of the disease requires
knowledge of the patho-physiological
mechanism and modality of prevention. If the
disease cannot be prevented, there should be
available, usable techniques for the detection
of disorder at early stage and after the
detection, intervention of the disease process
is essential [°-101, But for the prevention of the
disease, its severity and death due to the
disease, prediction is necessary, which has
limitations as of now, so the research
continues. Cunningham reports that the
cardio- vascular hemodynamics of the
women with severe preeclampsia are
characterized by normal or reduced CO and
elevated vascular resistance [, However,
Easterling had earlier conducted a study
designed to test the hypothesis that
preeclampsia is associated with high cardiac
output, where in researchers measured the
CO using Doppler during pregnancy and
postpartum in women with preeclampsia and
concluded that CO was elevated throughout
pregnancy in women who later developed
preeclampsia [111. At 6 weeks postpartum, the
cardiac output was elevated though the
hypertension was resolved (p = 001) and
peripheral resistance remained lower than in
the normotensive subjects (p = 001).

In a longitudinal study of 400 primigravidae
studied with doppler echocardiography by
Bosio et al, the researchers reported that the
gestational hypertension developed in 24
(6.34%) women and preeclampsia in 20
(5.29%) women out of the 378 women who
completed the pregnancy [7l. Women with
preeclampsia had significantly elevated CO
before clinical diagnosis of hypertensive
compared to normotensive controls, but total
peripheral resistance was not significantly
different during this latent phase. Study
findings supported the hyperdynamic
disease model with a subsequent crossover
to low cardiac output state.

In the study by De Paco et al [12] CO was
significantly higher in the preeclampsia and
PIH cases, and in these cases alterations in
maternal CO predated the clinical onset of
the disorders by several months. Maternal
CO in the first trimester was found to be
increased in women who developed
preeclampsia later. Most of the research and
studies about the relationship with cardiac
output have been in patients with
hypertensive disorders, and the studies on
normal pregnancies for prediction are scarce.
When prediction is possible, then only an
intervention can be thought of. Easterling
conducted an interventional study to
determine if the assessment of maternal
hemodynamics could predict women at risk
for the development of preeclampsia,
whether treatment directed at hemodynamic
abnormalities  before the onset of
hypertension could prevent hypertensive
disorders of pregnancy [13. Nulliparous and
diabetic subjects at risk were treated with
100 mg of atenolol or placebo. Researchers
concluded that women at risk for
hypertensive disorders of pregnancy can be
identified by the measurement of CO in the
second trimester, and treatment with
atenolol decreased the occurrence of
hypertensive disorders. Carr did a study to
evaluate whether women with risk for
disorders had a hyperdynamic circulation,
and concluded that women with clinical risk
factors had hyperdynamic circulation in the
early second trimester compared with
women at low risk [8l. These women also had
evidence of increased endothelial activation
as assessed by measuring plasma vascular
cell adhesion molecule.

Tihtonen conducted a study assessing
haemodynamic parameters by whole-body
impedance cardiography noninvasively with
the purpose of determining how
hypertensive disorders of pregnancy modify
maternal haemodynamics [14l. In women with
hypertensive disorders of pregnancy, there
was higher systemic vascular resistance
index (SVRI), mean arterial pressure (MAP)
and lower stroke index (SI) and cardiac index
(CI), thus the baseline haemodynamics was
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significantly different in women with
hypertensive disorders from healthy women.

In the present study, out of total 500 women
studied, 37 (7.4%) developed hypertensive
disorders. Their mean CO at 10 # 2 weeks
gestation was 5.77 L/min which increased to
6.94 L/min at 30 + 2 weeks. Women who had
low cardiac output in early pregnancy had
less risk of developing hypertensive
disorders, while women who had high CO in
the early pregnancy were at increased risk of
developing hypertensive disorders later;
significant relation was seen between high
maternal CO and hypertensive disorders.

The present study of prediction of
hypertensive disorders by estimating CO
from early pregnancy reveals that, no
significant difference was seen with age,
parity, height, weight and BMI and mean CO
at different gestations.

In the present study of prediction of
hypertension disorders by estimating the CO
from early pregnancy reveals that, the CO at
10 * 2 weeks has positive and high degree of
correlation with hypertensive disorders of
pregnancy (P=<0.001), and CO was
maximum at 22+ 2 weeks and CO at 10+ 2
weeks was predictor of CO at 30+ 2 weeks
and a significant relation was found between
high maternal CO and hypertensive
disorders.

An attempt has been made in the present study
for the prediction of hypertensive disorders by
estimating CO from early pregnancy.
Conclusions drawn from the study also include
no significant relation between CO at different
gestation with age, parity, height, weight and
BMI, and women who had high cardiac output
in early pregnancy were more prone to
develop hypertensive disorders.
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