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Abstract
Introduction: Anesthesia for cesarean section in a patient with preeclampsia is far more complicated than
an otherwise normal pregnancy for several reasons. Apart from the risks of high incidence of intrauterine growth
restriction, fetal distress and prematurity, there are risk of increased perioperative morbidity due to altered
hemodynamics
Material and methods: This study was conducted on 100 booked pregnant woman of ASA physical status I and
II (Normotensive) or III (Preeclamptic), between 19 to 30 years of age, carrying a live, mature, healthy, single fetus
posted for elective cesarean section. Patients were counseled during preoperative examination and 50 normotensive
and 50 preeclamptic patients were recruited for this study after obtaining informed consent from each of the patient
in their own language.
Result and analyses: In this study, the authors found significant differences in SBP, DBP and MAP at different
point of times in both the groups. One probable explanation of this may be the use of invasive arterial blood pressure
monitoring in place of non-invasive monitoring unlike other studies. Also the preoperative blood pressure values
were significantly different in both the groups. More phenylephrine consumption was noted in the normotensive
group.
Conclusion: subarachnoid block in preeclampsia patients associated with better perioperative hemodynamic
stability, less hypotension, less vasopressor consumption and more gradual blood pressure changes.

Keywords: Preeclampsia; Perioperative hemodynamic stability;
Phenylephrine; Subarachnoid block

Introduction
Successful anesthesia for cesarean section involves delivery of a
live, mature, healthy baby uneventfully with no additional morbidity or
mortality to the mother. Analysis of anesthesia-related deaths during
obstetric delivery in the United States from 1979-1990 indicated that
general anesthesia is related to 16.7 times increased mortality risk
compared with neuraxial blockade for cesarean delivery [1]. Recent
advances in anesthesia drugs and techniques reduced that figure to 1.7
times in between 1979 and 2002 [2], but still more favourable outcomes
are found with neuraxial anesthesia. Less morbidity and mortality,
less failure, dense anesthesia, easy technique, provision of adequate
operating conditions in a shorter time and several other advantages
have placed neuraxial anesthesia particularly subarachnoid block as
a more preferable mode of anesthesia for elective cesarean section to
epidural block or general anesthesia [1-5].
Anesthesia for cesarean section in a patient with preeclampsia
is far more complicated than an otherwise normal pregnancy for
several reasons. Apart from the risks of high incidence of intrauterine
growth restriction, fetal distress and prematurity, there are risk of
increased perioperative morbidity due to altered hemodynamics in
these patients [6-9]. The ideal technique for anesthesia had been a long
controversy among the obstetric anesthesiologists [10-12]. Although
spinal anesthesia had been considered as the preferred technique by
many [13-16], the risk of hypotension and altered hemodynamics has
influenced the choice of anesthesia.
In this background, the authors conducted a study to evaluate
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and compare the hemodynamic alterations in both normotensive and
preeclamptic pregnant woman posted for cesarian section under spinal
anesthesia.

Methodology
Ethical clearance was obtained from Institutional Research
Oversight Committee. This study was conducted on 100 booked
pregnant woman of ASA physical status I and II (Normotensive) or III
(Preeclamptic), between 19 to 30 years of age, carrying a live, mature,
healthy, single fetus posted for elective cesarean section. Patients were
counseled during preoperative examination and 50 normotensive and
50 preeclamptic patients were recruited for this study after obtaining
informed consent from each of the patient in their own language.
Patients with chronic hypertension, diabetes mellitus, known cardiac
disease, renal disease, and coagulopathy; with contraindication to
subarachnoid block, known sensitivity to the study drugs and patients
refusing to either regional anesthesia or the study technique were also
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excluded from the study. Any patients showing signs or alarming
symptoms for eclampsia were also excluded from the study and
managed with IV MgSO4 wherever indicated.

more in two occasions 6 hours apart with proteinuria (More than 300
mg/24 hours) after 20th week of pregnancy in a previously normotensive
and non-proteinuric patient.

All antihypertensives were continued till the day of surgery. Patients
received oral ranitidine (150 mg) and oral metoclopramide (10 mg) at
the morning of the surgery. After receiving the patient in the operating
room, documents were checked, a brief clinical examination was
done and standard ASA monitors were attached including ecg, pulse
oxymetry and temperature probe. A radial arterial line was established
with a 20 G radial arterial cannula and invasive blood pressure was
monitored. Baseline heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure (DBP) and mean arterial pressure (MAP) was
recorded. After establishing IV access with an 18G cannula 20 ml/kg
lactated ringer solution (RL) was administered for prehydration.

Booked case: Woman received antenatal care in study centre.

After proper aseptic precaution spinal subarachnoid block (SAB)
was performed by an anesthesiologist blinded to the study in the
sitting position, at L3-L4 or L4-L5 intervertebral space through a
midline approach by a 26 G Qunicke type spinal needle and 2.5 ml
of 0.5% hyperbaric bupivacaine was administered after confirming
needle location Patient was placed supine with a 10 cm wedge under
right buttock to prevent aortocaval compression. All patients received
moist oxygen (2 litre/minute) by a binasal cannula and RL infusion
was continued. Surgery was allowed after adequate sensory and motor
block was confirmed. Immediately after delivery of head of the baby
oxytocin 2 IU was administered over 1 minute followed by infusion at
the rate of 10 IU/Hr for 4 hours followed by 5 IU/Hour for 12 hours.
Intraoperative blood loss of the mother was assessed from the
drainage in suction bottles and checking the swabs and mops used and
appropriate replacement done. HR, SBP, DBP and MAP were recorded
at 12 specified period:

Significant hypotension: Systolic arterial pressure (SBP) less than
100 or fall of SBP more than 20% of the preoperative value. Treated
with Phenylephrine 50 µg bolus slow intravenous injection, repeated
if required.
Significant bradycardia: Heart rate below 50. Treated with
atropine 0.6 mg.

Statistical analysis
For sample size calculation, percentage fall of systolic blood
pressure 2 minutes after subarachnoid block was considered as primary
parameter. Data was obtained from a pilot study with 15 patients in
each group. The power of the study was considered to be 95% with
alpha error of 5%. A difference of 7 mmHg was considered to be
significant. The required number of patients was calculated to be 47
and 50 patients in each group were recruited.
Kolmogorov- Smirnoff Goodness of fit test was employed to
assess normality of distribution. Data was summarized as mean and
standard deviation for parametric numerical variables and median
and interquartile range for nonparametric numerical variables. Counts
and percentages were used for categorical variables. The independent
samples t test was employed for intergroup comparison of parametric
numerical variables or the Mann-Whitney U test for non-parametrics.
Categorical variables were compared between groups by Fisher’s exact
test. All analyses were two-tailed and p<0.05 was considered statistically
significant.

T1: Immediately after volume preload

Results

T2: Immediately after SAB

Hundred patients equally distributed between the groups were
included in the study and all the patients completed the study.

T3: 4 minutes after SAB
T4: 6 minutes after SAB
T5: 8 minutes after SAB
T6: 10 minutes after SAB
T7: After skin incision;
T8: After uterine incision
T9: After newborn delivery
T10: After placental delivery
T11: Immediately after oxytocin administration;
T12: At end of surgery
The duration of surgery, amount of phenylephrine and atropine
consumed in each patient were noted.

The demographic features including age, weight, height and body
surface area were comparable between the groups. The gestational
age at the time of surgery was significantly lower in the preeclampsia
group (39.26 ± 1.19 months in normotensives and 37.52 ± 1.13 in
preeclamptics; p value<0.05). Preoperative SBP, DBP and MAP were
significantly lower in the normotensive group. Preoperative heart rate
was comparable between the groups (82.04 ± 13.33 beats per minute in
normotensive group and 82.16 ± 13.88 in preeclampsia group; p value
0.965). Duration of surgery also similar between the groups (Table 1).
All pressures were compared in 12 specified time period and same
nomenclature is followed as below:
T1: Immediately after volume preload
T2: Immediately after SAB
T3: 4 minutes after SAB

Separate anesthesiologists performed the procedure and collected
the data and both were unaware of the nature of the study. The data was
labeled as group 1 for normotensives and group 2 for preeclamptics
and were analyzed by an anesthesiologist unaware of the nature of the
study.

T4: 6 minutes after SAB

Study definitions

T8: After uterine incision

Preeclampsia: Hypertension to the extent of 140/90 mmHg or
J Cardiovasc Dis Diagn
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T5: 8 minutes after SAB
T6: 10 minutes after SAB
T7: After skin incision;
T9: After newborn delivery
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Normotensive
group

Preeclamsia group

Age (Years)

24.88 ± 2.56

24.22 ± 2.41

0.19

Weight (KG)

63.94 ± 4.79

63.14 ± 5.44

0.438

153.28 ± 6.88

153.5 ± 7.62

0.880

Height (cm)

P value

Body surface area (m )

1.58 ± 0.09

1.56 ± 0.11

0.784

Gestational age (week)

39.26 ± 1.19

37.52 ± 1.13

<0.05

Preoperative SBP (mmHg)

126.88 ± 12.72

168.56 ± 17.22

<0.05

Preoperaive DBP (mmHg)

78.62 ± 9.04

111.78 ± 13.2

<0.05

2

Preoperaive MAP(mmHg)

93.76 ± 9.94

129.4 ± 13.04

<0.05

Preoperative HR (beats per
minute)

82.04 ± 13.33

82.16 ± 13.88

0.965

Duration of surgery (Minutes)

44.8 ± 7.19

43.54 ± 8.98

0.44

Table 1: Comparison of demography, preoperative vitals and duration of surgery.

T10: After placental delivery
T11: Immediately after oxytocin administration;
T12: At end of surgery
Comparison of systolic blood pressure (SBP) revealed significantly
higher blood pressure in the preeclampsia group at different point of
time during surgery as described earlier (Figure 1).
To assess the magnitude of fall of SBP between two successive
observations, percentage of fall in systolic blood pressure was
considered. It was calculated by the following formula:
Percentage fall= {(Previous value- Current value)/ Previous value}
× 100%.
Comparison revealed although blood pressure rise in preeclamsia
group after initial prehydration fluid bolus was higher, but difference
was not statistically significant (normotensive group 3.08 ± 0.88%
versus preeclampsia group 2.88 ± 1.6%; p value 0.44). It indicates
similar ability to handle a fluid bolus between the groups.
There was significant fall of SBP in both the groups after
administration of SAB, but pressure fall was significantly higher in
normotensive group initially (10.39 ± 2.77% in normotensive group
versus 5.01 ± 1.28% in preeclampsia group; p value<0.05 at T1) but
in later period significantly higher SBP fall occurred in preeclampsia
group. SBP changes at later part of surgery after skin incision were

similar in both groups and no statistically significant difference was
found. There was a rise in SBP after placental delivery probably due to
increase in blood volume and cardiac output (Figure 2).
Comparison of diastolic blood pressure (DBP) revealed significantly
higher values in the preeclampsia group in all observations (Figure 3).
Percentage fall in DBP was analyzed similarly.
Percentage fall = {(Previous value- Current value)/ Previous value}
× 100%.
The rise of blood pressure after prehydration was not significantly
(statistically) different between both groups (3 ± 1.36% in normotensive
group versus 2.31 ± 2.39 in preeclampsia group; p value 0.08). Initially
fall of DBP was significantly higher in the normotensive group, but
later after 4 minute it became similar in both groups. The difference
was significantly higher again after delivery of baby and removal of
placenta with more falls in DBP in preeclampsia group. There was no
significant difference in change of DBP after placental delivery till the
end of surgery (Figure 4).
Comparison of mean arterial pressure (MAP) between the groups
revealed significantly lower values in all observations in normotensive
group (Figure 5).
Percentage change in mean arterial pressure (MAP) also analyzed
similarly. Initially, upto observations till 4 minute after SAB fall of
MAP were significantly higher in normotensive group. In successive
observations, fall of MAP was significantly higher in preeclampsia
group. There was no significant difference between the groups in
percentage fall of MAP after placental delivery till end of surgery
(Figure 6).
Phenylephrine requirement was significantly higher in the
normotensive group. Atropine requirement was also higher in the
normotensive group but the difference was not significant (Table 2).

Discussion
The spectrum of hypertensive disorders in pregnancy encompasses
four distinct forms [17-21].
1. Gestational hypertension

Figure 1: Systolic Blood Pressure.
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Figure 2: Percentage fall in Systolic Blood Pressure.

Figure 3: Diastolic Blood Pressure.

2. Pregnancy induced hyprtension (Preeclampsia-eclampsia)
3. Chronic hypertension or pre-pregnant hypertension
4. Preeclampsia superimposed on chronic hypertension.
Preeclampsia is considered unique because of is multi system
involvement and unexplained etiopathenogenesis [22,23]. Incidence of
preeclampsia extends from 5% of otherwise uncomplicated pregnancy
to 25% of pregnant women with preexisting hypertension [22]. Exact
mechanism by which preeclampsia develops are still a matter of
research, basic feature of this disorder is endothelial dysfunction and
intense vasospasm.
Previously, subarachnoid block (SAB) was not a preferred choice
for caesarean section in parturient with severe preeclampsia [24].
The reason behind this was the possibility of severe hypotension in
volume contracted individuals and those receiving antihypertensives.
J Cardiovasc Dis Diagn
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However, several well conducted studies agrued against these dictums.
Wallace et al. [12] conducted a randomised study to evaluate the
maternal and fetal effect of SAB and general anesthesia in patients with
severe eclampsia and found both techniques to be equally acceptable.
Aya et al. [25] compared the incidence and severity of SAB associated
hypotension in severely preeclamptic (n = 30) versus healthy (n =
30) parturients undergoing cesarean delivery and found six times
less risk of hypotension in patients with severe preeclampsia. Khatri
et al. [26] conducted a similar study and found less hypotension
but comparable Apgar score in patients with severe pre-eclampsia.
Saha et al. [27] also found similar outcome in terms of perioperative
hypotension, phenylephrine consumption and apgar score. Ahmed et
al. [28] compared general anesthesia and SAB in preeclamptic toxaemia
patients and opined in favour of SAB for its less severe complications.
Hood and Curry [11] in a large retrospective clinical series examined
the blood pressure effects of spinal and epidural anaesthesia in severely

Volume 4 • Issue 3 • 1000242

Citation: Mitra M, Basu D, Ganguly T, Kar SK, Chaterjee S (2016) Comparison of the Hemodynamic Alterations in Normotensive and Preeclamptic
Pregnant Woman Posted for Cesarean Section under Subarachnoid Block. J Cardiovasc Dis Diagn 4: 242. doi:10.4172/2329-9517.1000242

Page 5 of 7

Figure 4: Percentage fall in Diastolic Blood Pressure.

Figure 5: Mean Arterial Pressure.

Figure 6: Pressure fall in Mean Arterial Pressure.

J Cardiovasc Dis Diagn
ISSN: 2329-9517 JCDD, an open access journal

Volume 4 • Issue 3 • 1000242

Citation: Mitra M, Basu D, Ganguly T, Kar SK, Chaterjee S (2016) Comparison of the Hemodynamic Alterations in Normotensive and Preeclamptic
Pregnant Woman Posted for Cesarean Section under Subarachnoid Block. J Cardiovasc Dis Diagn 4: 242. doi:10.4172/2329-9517.1000242

Page 6 of 7
Normotensive group

Preeclamptic group

P value

Atropine

0.41 ± 0.26

0.30 ± 0.28

0.056

Phenylephrine

157.00 ± 54.41

59.00 ± 55.96

<0.05

Table 2: Phenylephrine and atropine requirement.

preeclamptic patients requiring caesarean section and found similar
magnitude of decline in blood pressures as well as similar postoperative
maternal and fetal outcome in both the groups. Visalyaputra et al.
[13] conducted a multicentric randomised study to compare the
hemodynamic effects of spinal and epidural anesthesia for cesarean
delivery in severely preeclamptic patients and observed in spite of the
hypotension (SBP < or + 100 mmHg) being more frequent in the spinal
group than the epidural group (51% versus 23%), the duration was
short and it was easily treatable with ephedrine. Neonatal outcome as
assessed by Apgar score and the umbilical artery blood gas analysis was
similar in both the groups.
In these studies, different definitions of hypotension had been
considered and incidence of hypotension have varied depending upon
the chosen definition [29,30]. The two most frequently used definitions
were a decrease of blood pressure below 80% baseline and the combined
definition of a blood pressure below 100 mmHg or a decrease below
80% baseline [29]. The authors chose the second one for better and
aggressive management to maintain uteroplacental circulation.
In this study, the authors found significant differences in SBP, DBP
and MAP at different point of times in both the groups. One probable
explanation of this may be the use of invasive arterial blood pressure
monitoring in place of noninvasive monitoring unlike other studies.
Also the preoperative blood pressure values were significantly different
in both the groups. This may influence the intraoperative values. More
phenylephrine consumption was noted in the normotensive group. This
indicated more occurrence of hypotension in the normotensive group
and also contributed to the dissimilar magnitude of change in blood
pressure at different point of times. The authors also emphasize on the
latter fact as most of the studies compared different blood pressure
values over a point of time. With a significant difference in baseline
blood pressure values and significant difference in mean vasopressor
consumption, the observed blood pressure values over a continuum
does not truly reflect the hemodynamic alteration attributed to
physiological changes imparted by SAB in both the groups. The blood
pressure values reflect the combined outcome of the physiological
effects, ongoing medications and anaesthesia management strategy and
should be interpreted accordingly.
Volume preload before SAB is a well-established method to prevent
hypotension [31-35] and 20 ml/kg of crystalloid had been shown to one
of the most effective means to reduce hypotension under SAB. Although
some researchers found inconsistent results [33,34], preloading and
coloading is still recommended by the ASA task force to prevent
hypotension associated with SAB [35]. The prehydration fluid bolus
produces an atrial stretch which causes release of endogenous peptides
as atrial natriuretic peptide (ANP) and endothelin-1. ANP decrease
vascular tone and initiate dieresis and attenuates effect of the volume
load and prevent pulmonary edema [36]. There is significantly higher
release of ANP in preeclamptic women thereby helping the maternal
circulation to adapt to the hemodynamic effects of fluid bolus [37]. The
authors used lactated ringer’s solution, 20 ml/kg in both the groups for
prehydration. There was a small rise of blood pressure after volume
loading in both the groups but the difference was not significant. This
observation indicates that volume loading was similarly tolerated in
both the groups.
J Cardiovasc Dis Diagn
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Spinal anesthesia is a generally preferred anesthetic for its simple
technique, rapid onset, dense block and excellent post-operative
analgesia [17]. Several studies have found similar fetal outcome with
SAB in respect to other techniques as well as in preeclamptic versus
normotensive women in terms of umbilical artery blood gas values and
Apgar score [26,27,38-40]. Maintenance of systolic, diastolic and mean
pressure above critical values are crucial and aggressive management
with vasopressors to keep the systolic pressure above 100 mmHg or
prevention of fall of blood pressure beyond 20% of baseline value are
of utmost importance.

Limitation and scope of further research
The preoperative antihypertensive drugs were not protocolised
properly and continued as before. This may have an impact on the
blood pressure values. The blood loss was assessed from the drain
output and the mops and swabs used. For appropriate assessment,
quantitative measurement should have been done and the blood loss
and fluid administration should have been compared. Definition of
hypotension should be standardised and for this a large multicentric
trial may be undertaken in future.

Conclusion
The present study is in agreement with the recent evidences that,
subarachnoid block in preeclampsia patients associated with better
perioperative hemodynamic stability, less hypotension, less vasopressor
consumption and more gradual blood pressure changes. Prehydration
strategy may be followed safely in preeclampsia patients and is
recommended before subarachnoid block to ensure intraoperative
stable hemodynamics.
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