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INTRODUCTION

Currently, worldwide, spinal anesthesia has become a 
preferred anesthetic technique for both elective and emergency 
cesarean section1. However, spinal anesthesia is associated 
with hypotension with an incidence of 70-80% without 
pharmacological prophylaxis2. Hypotension developed after 
administration of intra-thecal local anesthesia till delivery of the 
fetus is defined as predelivery hypotension. It is the period where 
both the fetus and mother are at the highest risk. Hypotension 
following spinal anesthesia is due to sympathetic blockade by 
the local anesthetic3. It is further exacerbated by aorto-caval 
compression by the gravid uterus when the woman lies in a 
supine position and by the dose of local anesthetics4. The optimal 
dosage of local anesthetics for a pregnant woman is variable due 
to woman’s body height5,6 weight7,8 intra-abdominal pressure9 
and lumbosacral cerebral spinal volume9,10. Spinal anesthesia is 
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performed at L4/5 or L3/4 due to easy anatomical identification 
and being safe from damaging the spinal cord.
 Hypotension causes maternal nausea, vomiting (could 
lead to aspiration), chest discomfort and loss of consciousness. 
If severe, untreated hypotension leads to cardiac arrest and 
maternal death11. A confidential review into maternal deaths in 
South Africa in 2011-2013 reported that more than half of all 
anesthetic deaths were still related to spinal hypotension11. 
To the fetus, decreased maternal blood flow impairs placental 
blood flow causing neonatal acidosis, and if severe, neurological 
insult and intrauterine fetal death12,13. Neonates born to maternal 
hypotension lasting more than two minutes were associated with 
ischemic-perfusion injury indicated by a significant increase in 
plasma xanthine, serum uric acid and plasma malondialdehyde in 
the umbilical vein12. If hypotension was more than four minutes, 
neurobehavioral changes in the first four to seven days of neonatal 
life were observed13.
 The incidence of cesarean section in Bhutan in 2019 was 
23.23 %14. Although in Bhutan, there is no record of maternal and 
infant morbidity and mortality due to spinal hypotension, this is 
a big concern when a country is gearing towards achieving SDG 
2030 goals. Severe hypoperfusion impairs neonate’s neurological 
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% (n=261). History of hypertension during pregnancy (Adjusted OR 0.25, [0.11-0.60], p=0.013), prophylaxis use of ephedrine 
(Adjusted OR 0.45, [0.22-0.92], p= 0.024) and ondansetron (Adjusted OR 0.43, [0.22-0.82], p= 0.010), longer preoperative 
fasting duration (Adjusted OR 1.12, [1.01-1.21], p=0.024,), sensory block level ≤ T4 (Adjusted OR 3.4, [1.8-6.4], p=<0.001) and 
baseline systolic blood pressure ≤120 mmHg (Adjusted OR 2.8, [1.5-5.1], p=0.001) were significant risk factors. Conclusions: 
This study conduces that the rate of pre-delivery hypotension following spinal anesthesia in a cesarean section was high among 
women undergoing cesarean section. It is alarming as around two-third of women and fetus undergoing cesarean section under 
spinal anesthesia are at risk of consequences of hypotension. Most of the risk factors in the study are modifiable. The study 
suggests that if the anesthesia provider intervenes in managing the modifiable risk factors and treat hypotension promptly, it can 
help reduce the risk of women and fetus to spinal hypotension consequences.
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development. It will increase the country’s disability and non-
working population group15. For a developing country like 
Bhutan, it will increase the country’s burden. 
 Spinal hypotension was studied extensively over 
the decades. However, even today, this remains unsolved. 
It is currently the most talked-about in obstetric anesthesia. 
The majority of the previous studies have focused on the 
spinal hypotension developed throughout the surgery. Spinal 
hypotension was studied extensively over the decades. However, 
even today, this remains unsolved. It is currently the most talked-
about in obstetric anesthesia. The majority of previous studies 
have studied the rate of intraoperative hypotension. The rate of 
predelivery hypotension and its associated risk factors are not 
much studied. However, the rate of intraoperative hypotension 
after the delivery of the fetus will be masked by uterine blood 
loss and vasodilatory effect by oxytocin. Therefore, this study 
was conducted on pregnant women undergoing cesarean section 
under spinal anesthesia to find the rate of predelivery hypotension 
based on the inclusion and exclusion criteria. American Society 
of Anesthesiology (ASA) classification is one of the widely used 
preoperative scores by the anesthesia provider. It helps predict 
patient’s operative risk (postoperative mortality and morbidity) 
based on their physiological status.16 ASA classification has five 
scales. The high ASA classification has the highest operative 
risk. The secondary objective was to identify the risk factors 
associated with predelivery hypotension.  

METHODS 

This was a hospital-based cohort study among the women 
coming to Jigme Dorji Wangchuck National Referral Hospital 
(JDWNRH) for caesarean delivery under spinal anaesthesia from 
01st October 2018 to 30th June 2019. The study was approved by 
Research Ethics Board of Health vide approval number REBH/
Approval/2018/054 dated 3rd September 2018.
 The study included 350 pregnant women undergoing 
caesarean section under spinal anaesthesia who were American 
Society of Anaesthesiology (ASA) classification II and gestation 
above 35 weeks. Women coming to cesarean section were 
selected through systematic random sampling. The first patient 
was selected through lucky dip from the operating list. Details 
about patient selection is shown in Figure 1. Exclusion criteria 
were:
• ASA more than III
• Absolute or relative contraindication for spinal anesthesia
• Baseline systolic blood pressure less than 100 mm Hg 
• Those who are converted to general anesthesia 

Women undergoing cesarean delivery in this study received 
spinal anesthesia as per the standard operating procedure of the 
department. No procedure or management modification was done 
for this study. Due to the limited number of anesthesiologists in 
the country, certified nurse anesthesia placed spinal anesthesia 
without supervision. Anesthesiologists are called if needed. 

All the anesthetists in our setting take an average of two 
consecutive non-invasive systolic blood pressures measured just 
before induction of spinal anesthesia as a baseline. After spinal 
anesthesia was administered, blood pressures were monitored 
every three minutes until the baby was delivered. IV fluid 
preloading, prophylactic vasopressor and left lateral position 
were at the discretion of attending anaesthetist. 
 A self-designed pro forma was used for data collection. 
It was reviewed by a panel of anaesthesiologists and obstetricians 
and pretested in 20 women undergoing caesarean section prior to 
data collection period. The data were collected by the anaesthesia 
assistant and information was not shared with the attending 
anaesthetist. The variables collected included age, weight, height, 
gravidity, type of caesarean section, previous caesarean section 
and history of hypertension before the anaesthesia procedure. 
Preoperative fasting duration was asked from the patient in the 
operation theatre. We also recorded variables related to spinal 
anaesthesia such as the amount and type of preloading and co-
loading fluid, spinal drugs, prophylaxis drugs, patient and table 
position, sensory level and neonate’s birthweight. The most 
commonly used definition of hypotension in the studies is systolic 
blood pressure less than 100 mmHg or > 20% of baseline systolic 
17. Thus, the same definition was used in this study. In JDWNRH 
all the attending anesthetists treat when systolic blood pressure is 
<100 mmHg.
 Data were entered and validated in Epi Data 3.1 
(Odense, Denmark). Data analysis was done in a version of 
IBM SPSS Version 22.0. Descriptive data are expressed in 
terms of percentages, ratios, mean and median. The outcome 
variable was defined as spinal hypotension (yes/no) if systolic 
blood pressure was less than 100 mmHg. The Chi-square test 
was used for categorical and unpaired t-test for the continuous 
data. The association of factors for hypotension was tested using 
multivariable binary logistic regression using a forward stepwise 
model. The results were reported as an adjusted odds ratio with 
p-value and 95% confidence interval. A p-value < 0.05 was taken 
as statistically significant.

Figure 1. Flow chart showing selection of women undergoing 
spinal anesthesia for the study
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RESULTS

Basic characteristics
Three hundred and fifty women underwent cesarean section 
under spinal anesthesia at JDWNRH, Bhutan. Hypotension 
was developed by 261 women (74.6%) after spinal anesthesia. 

The mean time of onset of the first episode of hypotension was 
5.3 minutes ± 3.1 (minimum in 1 minute and maximum in 20 
minutes). 
 The mean age (± SD) of the mothers was 29 ± 5 years 
with the youngest being 18 years old and the eldest being 43 years 
old. The mean height (± SD) was 154 ± 6 cm with the shortest 

Table 1. Basic characteristic of women undergoing cesarean section under spinal anesthesia at National Referral Hospital in 
Bhutan, 1st October 2018 - 30th June 2019
Basic characteristics  Total Pre-delivery Hypotension p-value*

  n (%)     No (%)    Yes (%)
Age (year)

≤35 307(87.7) 76(24.8) 231(75.2) 0.558
>35 43 (12.3) 13(30.2) 30(69.8)

Weight gain (kg) n= 228
≤10 185(52.9) 44(23.8) 141(76.2) 0.532
>10 165 (47.1) 45(27.3) 120(72.7)

BMI (kg/m2)
≤25 51(14.6) 13(25.5) 38(74.5) 1.00
>25 299(85.4) 76(25.4) 33(84.6)

Height (cm)   n= 344
≤150 87(25.3) 23(26.4) 64(73.6) 1.00
>150 257(74.7) 66(25.7) 191(74.3)

Surgery type
Elective 194(55.4) 39(20.1) 155(79.9) 0.015
Emergency 156(44.6) 50(32.1) 106(67.9)

Pregnancy
Singleton 346(98.9) 88(25.4) 258(74.6) 1.00
Twins 4 (1.1) 1 (25) 3(75)

Previous cesarean section 166(47.4) 34(20.5)  132(79.5) 0.04
Hypertension in pregnancy 32(9.1) 14(43.8) 18(56.2) 0.022
Antihypertensive drugs n=32

Methyldopa 24(75.0) 9(37.5) 15(62.5) 0.188
Nifedipine 1(3.1) 0(0.0) 1(100.0)
Hydralazine 7(21.9) 5(71.4) 2(28.6)

Gravidity
1 95(27.1) 27(28.4) 68(71.6) 0.872
2 171(48.9) 39(22.8) 132(77.2)
3 55(15.8) 15(27.3) 40(72.7)
4 18(5.1) 5(27.8) 13(72.2)
≥5 11(3.1) 3(27.3) 8(72.7)

Birthweight in gram
≤4000 324(92.6) 86(26.5) 238(73.5) 0.105
>4000 26(7.4) 3(11.5) 23(88.5)

Baseline systolic BP (mmHg)
≤120 157(44.9) 25(15.9) 132(84.1) <0.001
>120 193(55.1) 64(33.2) 129(66.8)

Baseline heart rate (bpm)
≤100 94(26.9) 19(20.2) 75(79.8) 0.223
 >100 256(73.1) 70(27.3) 186(72.7)

n (mean, SD) n (mean, SD)
Fasting duration(hour) 323 84(9±3) 239(10±3) <0.001
SD = standard deviation

* A p-value less than 0.05 (or ≤ 0.05) is statically significant.
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Table 2. Description of anesthesia technique of women undergoing cesarean section under spinal anesthesia at National 
Referral Hospital in Bhutan, 1st October 2018 - 30th June 2019
Basic characteristics Total Pre-delivery Hypotension p-value*

n (%)     n (%)    Yes (%)
Medication 

a) Ephedrine
b) Phenylephrine
c) Ondansetron

80(22.9)
2(0.6)
169(48.3)

50(62.5)
1(50.0)
110(65.1)

30(37.5)
1(50.0)
59(34.9)

0.007
1.00
< 0.001

Preloading IV fluid 329(94.0) 86(26.1) 243(73.9) 0.342
Amount of IV preloading given (mL) n= 329

≤ 300 212(60.6) 195(91.98) 17(8.02) 0.325
>300 117(33.4) 111(94.9) 6(5.1)

Time duration IV preloading given(min) n=329
≤ 5 107(32.5) 36(33.6) 71(66.4) 0.044
>5 222(67.5) 50(22.5) 172(77.5)

Sitting position for 5 minutes after 
intrathecal injection

7(2.0) 1(14.3) 6(85.7) 1.00

Leg wrapping 2(0.6) 2(100.0) 0(0.00) 0.684
Wedge of 15 cm under right hip 2(0.6) 2(100.0) 0(0.00) 1.00
Left lateral table tilt 33(9.4) 11(33.3) 22(66.7) 0.376
Level of spinal block

T3-4 142(40.6) 20(14.1) 122(85.9) <0.001
T5-7 208(59.4) 69(33.2) 139(66.8)

SD – standard deviation. 
*A p-value less than 0.05 (or ≤ 0.05) is statically significant.

Table 3. Factors associated with hypotension after spinal 
anesthesia among women undergoing cesarean section at 
National Referral Hospital in Bhutan, 1st October 2018 - 30th 
June 2019
Variable AOR* 95% CI† p-value
Hypertension in 
pregnancy (Ref=No)

0.32 0.13-0.78 0.01

Fasting duration (hour) 
(Ref= no fasting)

1.11 1.01-1.21 0.02

Ephedrine prophylaxis 
(Ref= No)

0.45 0.22-0.92 0.03

Ondansetron prophylaxis 
(Ref=No)

0.43 0.22-0.82 0.01

Level of spinal block 
T3-4 (Ref= <T4)

3.40 1.80-6.44 <0.001

Baseline systolic BP ≤ 
120 mmHg (Ref= >120 
mmHg)

2.76 1.49-5.09 0.001

*AOR = adjusted odd ratio

†95% CI = Confidence interval

being 131 cm and the tallest being 179 cm. There was incomplete 
data from height (n=122) and weight (n= 6).
 During the pre-anesthesia checkup, 346 (98.9%) were 
singleton pregnancy and 32 (9.1%) had hypertension. The mean 
preoperative fasting duration for both elective and emergency 
surgeries was 9± 4 hours (minimum 4 hours and maximum 20 
hours). The mean preoperative fasting duration in elective and 
emergency was 13 hours and 7.5 hours, respectively. There were 
no serious adverse events to the mother like high spinal block 
and loss of consciousness needing intubation, intensive-care unit 
(ICU) admission, cardiac arrest or maternal death. Table 1 shows 
the basic characteristics of the description of parturient.  
 Anesthesia characteristics
Crystalloid IV fluid was used for both preloading and co-loading 
and no colloid was infused. The mean (± SD) preloading and 
co-loading fluid infused was 308±19mL and 387±181 mL, 
respectively.
 Only seven (2%) patients were kept sitting for five 
minutes after the injection of local anesthesia to spinal space. 
Non-pharmacological methods like leg wrapping 2 (0.6%), 
putting a wedge of 15 cm under the right hip 2(0.6%), left lateral 
table tilt 33 (9.4%) were not common practice. No attending  
anesthetist had performed manual uterine displacement. Neonate 
was delivered on average 10±4 minutes after anesthesia was 
administered. Table 2 shows the detailed description of anesthetic 
techniques. 

Risk and protective factors
Spinal sensory level ≤ T4 increased the odds of spinal hypotension 
by 3.404 times (AOR 3.40, 95% CI 1.78 – 6.44). Similarly, the 
longer preoperative fasting duration and baseline systolic blood 
pressure ≤ 120 mmHg increased the odds of spinal hypotension 
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 From this study, we found three significant associated 
risk factors and three protective factors. The risk factors that 
increase hypotension after spinal anesthesia in cesarean sections 
were longer preoperative fasting, neuraxial level ≤ T4 and 
baseline systolic blood pressure ≤ 120 mmHg. The protective 
factors were hypertensive disorder during pregnancy, ephedrine 
and ondansetron used as prophylaxis.

Risk factors 
Women who have fasted longer hours were found to be 1.11 times 
the odds of getting hypotension (1.01-1.21, p-value 0.02). To our 
knowledge, this was the first study to show longer preoperative 
fasting hours being associated with hypotension in women 
undergoing cesarean section under spinal anesthesia. Longer 
preoperative fasting was linked with thirst, hunger, dehydration, 
hypovolemia and nausea26. Fasting also leads to generalized stress 
and increases sympathetic activity. High baseline sympathetic 
activity was associated with spinal hypotension27. In our setting, 
we have one operation room fully dedicated to the cesarean 
section for both elective and emergency cesareans. Women 
scheduled for elective cesarean sections have fasted longer than 
13 hours. This was because emergency cesareans were performed 
in between the elective cesarean sections. The surgeon and 
anesthetist should plan accordingly to reduce the fasting hours in 
the elective cesareans. 
 Spinal block level ≤ T4 has 3.40 times the odds of 
developing hypotension than spinal block level >T4 (1.80-
6.44, p-value <0.001). The results of the present study agree 
with previous studies28,29. Among many factors, variability of 
lumbosacral cerebrospinal fluid could be the most important 
factor which affects the spread of local anesthesia10. Patient’s 
height5,6,10 obesity7 and intra-abdominal pressure10 influences 
the lumbosacral cerebrospinal fluid volume. Another factor that 
influences the spread of anesthesia is the position and baricity 
of local anesthesia30. Measures to avoid high spinal block are 
low dose local anesthesia31, adjusting the dose of bupivacaine 
according to the patients height5,6 and BMI8,31, slow injection 
of local anesthesia28, administering local anesthesia in sitting 
position32 and isobaric local anesthesia30. 
 The odds of developing hypotension when baseline 
systolic blood pressure ≤ 120 mmHg was 2.76(1.49-5.09, p-value 
0.001). This is in agreement with previous studies although, the 
exact mechanism is not known33. Giving prophylaxis vasopressor 
2,29, adequate pre-loading and co-loading, rigorous monitoring 
may prevent hypotension in this situation. 

Protective factors 
Women who were diagnosed with the hypertensive disorder 
during the pregnancy had 0.32 odds (0.13-0.78, p-value 0.01) 
of developing hypotension. The risk of getting hypotension was 
reduced by 68% as compared to normal women.  Similar to our 
study, Nikooseresht M et al found preeclamptic patients had 
significantly lower spinal hypotension than healthy women (17% 

by 1.11 (AOR 1.11, 95% CI 1.01 -1.21) and 2.76 (AOR 2.76, 
95% CI 1.49 – 5.09) times, respectively. Hypertension during 
pregnancy was a protective factor for the development of 
hypotension (AOR 0.32, 95% CI 0.13-0.78). Similarly, the use 
of ephedrine (AOR 0.45, 95% CI 0.22 - 0.92) and ondansetron 
(AOR 0.43, 95% CI 0.22 – 0.82) as prophylaxis decreased the 
incidence of hypotension as shown in Table 3.

DISCUSSION

Rate of hypotension
The pre-delivery hypotension rate in this study was 74.6 % 
(n=261), higher than as reported by Anusorntanawat18 and Knigin 
et al19. The higher rate of predelivery hypotension in this study 
could be due to the differences in definition. Anusorntanawat 
defined hypotension as systolic blood pressure < 90 mm Hg 
whereas we defined hypotension as systolic blood pressure < 100 
mm Hg. A similar outcome was observed by Klohr et al with even 
minor differences in definition leading to significant differences 
in the incidence of hypotension17. The predelivery hypotension 
per se is not studied much and is limited in the literature. With the 
use of oxytocin and blood loss from the uterus incision, the rate of 
hypotension cannot be compared with predelivery hypotension. 
The vasodilatory effect of oxytocin and blood loss will decrease 
blood pressure further. The degree of blood pressure drop will 
depend on the rate of oxytocin and the amount of blood loss.
 The other reason for a higher rate of hypotension in this 
study could be due to less use of pharmacological prophylactics 
(ephedrine was used by 22.9%, phenylephrine 0.6%, ondansetron 
48.3%). Without pharmacological prophylaxis, the rate of 
hypotension in our study was comparable to the report by Mercier 
et al2. Similarly, the use of non-pharmacological methods like leg 
wrapping, table tilt and wedge under the hip was less in our study. 
These methods alleviate compression of inferior vena cava by 
gravid uterus and pooling of blood in lower limbs. Hassanain et 
al observed the changing the position from supine to left lateral 
position increased cardiac output and heart rate20. Kundra et al 
also observed that the maternal blood flow velocities and wave 
increases when full-term women were placed in left lateral tilt 
position21. Similarly, leg elevation22 and compression 23 in clinical 
trials showed a reduced incidence of hypotension. However, the 
Cochrane database review showed inconclusive results about the 
effectiveness of non-pharmacological methods24.
 Almustafa et al have reported that variation in ß2- 
adrenoreceptors (ß2AR) behaved differently in developing spinal 
hypotension and the requirement of vasopressors. The ß2AR 
genotype Gly16 and Glu27 had a higher incidence of hypotension 
and vasopressor requirement than homozygous Arg16 and Gln27 
25. Though no genetic study was done in this study, there is a  
possibility of ß2AR genetic variation in the Bhutanese population 
looking at the high rate of predelivery hypotension. Future 
genetic study on ß2AR is needed to confirm the role of ß2AR in 
Bhutanese mothers in developing spinal hypotension after spinal 
anesthesia. 
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vs 53%)34. Similarly, Sivevski A et al have reported low incidence 
and severity of spinal hypotension in pre-eclamptic patients (25% 
vs 53%)35. The possible reason for this could be carrying a small 
fetus for gestational age due to restricted fetal growth and less 
aortocaval compression34. Moreover, pre-eclamptic patients have 
increased sympathetic activity (increased synthesis of potent 
vasopressor) and systemic vascular resistance secondary to 
defect in vascular endothelium during trophoblast development36.
 Prophylactic administration of 6 mg ephedrine 
intravenous bolus had a lower incidence of spinal predelivery 
hypotension than those who had not received in women undergoing 
cesarean section. The finding in this study is comparable with 
the result of Shiteman et al37. However, Sigh et al reported 5 mg 
intravenous ephedrine used as prophylactic did not significantly 
reduce the incidence of hypotension than control (60% vs 72%)38. 
Recent studies have reported ephedrine crosses the placenta, acts 
on fetus β2 receptors and increases fetus metabolism2,29. In this 
study, ephedrine was used more frequently than phenylephrine 
due to availability. However, we do not have data for the fetal 
outcome following ephedrine use. 
 Ondansetron is a 5HT3 receptor antagonist. The 5-HT3 
receptor present in the heart chamber is responsible for Bezold 
Jarisch (BJZ) reflex in response to volume depletion. Blocking 
the 5-HT3 receptor attenuates the BJZ reflex and prevents 
hypotension39. Previous studies have shown prophylactic 
intravenous ondansetron decreases hypotension, the requirement 
of ephedrine and shivering39,40. Similar to the previous studies, 
this study also found prophylactic use of 4 mg ondansetron 
before spinal anesthesia decreases the rate of hypotension. 

Strength of the study
This study has a fairly adequate sample size. Around two-thirds 
(62%) of deliveries under cesarean section in Bhutan happens 
in JDWNRH which includes 50 % women from Thimphu 
(capital city) and 50% from other parts of Bhutan being referred 
to JDWNRH14. Although the study was not designed to be 
representative of the whole country, the sample size was split 
between Thimphu residents and those from outside the city. 
The study also included a thorough list of possible maternal and 
anesthetic risk factors through a rigorous literature search. The 
study also has included the practice of pharmacological and non-
pharmacological prophylaxis which in previous studies have not 
included. Also, the study included both emergency and elective 
cesarean sections.

LIMITATIONS

Data were collected only up to the delivery of the neonate. 
Therefore, this study has no data on estimated surgical blood loss, 
hypotension developed after the delivery of a baby and adverse 
outcomes of mother and neonate. We have not standardized the 
dose of local anesthesia, which is also an important factor of 
spinal hypotension. Also, this study does not have data on the 
indication for the cesarean section. 

CONCLUSIONS

The rate of pre-delivery hypotension in the study was high. 
Most of the significant risk factors identified from the research 
are modifiable. Reducing preoperative fasting duration, using 
ondansetron and ephedrine as prophylaxis will decrease the 
hypotension. The knowledge and skill of an anesthetist are a key 
in reducing hypotension and its consequences to the mother and 
infant. 
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