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Abstract 
Background: Hypotension and bradycardia are frequent and potentially serious complications 
following spinal anesthesia during cesarean section. This study aims to identify and analyze 
the factors contributing to the occurrence of these hemodynamic disturbances in this clinical 
setting. 
Materials and Methods: This prospective cross-sectional study included 722 parturient 
undergoing cesarean section under spinal anesthesia. Continuous variables were analyzed 
using the t-test, while categorical variables were compared using the Chi-square test. 
Multivariate logistic regression analysis was employed to identify predictors of hypotension—
defined as a systolic blood pressure reduction of more than 30% from baseline—and 
bradycardia, defined as a heart rate below 60 beats per minute. A p-value of less than 0.05 was 
considered statistically significant. 
Results: The incidence of hypotension and bradycardia following spinal anesthesia was 52.6% 
and 2.5%, respectively. The likelihood of developing hypotension was significantly higher in 
patients with estimated blood loss between 500–1000 mL (Odds Ratio [OR] = 1.86; 95% 
Confidence Interval [CI]: 1.30–2.67; p = 0.001) and those with blood loss exceeding 1000 mL 
(OR = 5.31; 95% CI: 1.47–19.19; p = 0.011). An analgesia level above T4 was also associated 
with increased hypotension risk (OR = 1.94; 95% CI: 1.18–3.19; p = 0.009). Notably, 
hypotension occurred even with the application of left uterine displacement (OR = 1.56; 95% 
CI: 1.11–2.19; p = 0.01). Bradycardia was significantly associated with the addition of 0.2 mg 
(0.2 mL) intrathecal morphine to the local anesthetic solution (OR = 4.61; 95% CI: 1.31–16.19; 
p = 0.017). 
Conclusion: This study found that the risk of hypotension following spinal anesthesia for 
cesarean section significantly increased with estimated blood loss exceeding 500 mL and when 
the sensory block level rose above T4. Additionally, the use of 0.2 mg (0.2 mL) intrathecal 
morphine in combination with local anesthetics was associated with a higher incidence of 
bradycardia. 
Keywords: Spinal anesthesia, Cesarean section, Hypotension, Bradycardia, Intrathecal 
morphine, Hemodynamic changes, Risk factors, Maternal outcomes. 
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Introduction 
 

The most common serious problem 
associated with spinal anesthesia remains 
the rapid onset of profound hypotension 
[1,2]. The clinical importance of this side 
effect was shown in a study by Sanborn et 
al who proved that hypotensive episodes 
detected by an automated record keeping 
system clearly correlate with mortality [3]. 
In previous studies, the incidence of 
hypotension after subarachonoid 
administration of 0.5% bupivacaine varied 
from 55% to 64% [4-8]. Many studies have 
been conducted concerning prophylaxis 
and therapy of hypotension after neuraxial 
anesthesia. The incidence of hypotension 
after spinal anesthesia for cesarean section 
in the authors’ institution was 60% [8]. 
Prediction of hypotension after neuraxial 
anesthesia, however, has been addressed by 
only a few authors [1,2,9]. The present 
study was conducted to identify factors 
associated with hypotension and/or 
bradycardia after spinal anesthesia for 
cesarean section, which is one of most 
common surgical procedures. 

Material and Method 
The present study was approved by the 
institutional ethic committee of the Faculty 
of Medicine, Chulalongkorn University as 
part of the Thai Anesthesia Incidents Study 
(THAI Study) of anesthetic adverse 
outcomes [10,11]. Anesthesia residents and 
attending anesthesiologists documented 
patient information using a structured data 
collection form. Standard clinical care 
procedures were maintained throughout the 
study without any modifications introduced 
by the investigators. Research-specific data 
were gathered concurrently with routine 
clinical data. Prior to the surgical 
procedure, demographic details such as age, 
height, and weight were recorded. 
Additionally, any pre-existing conditions, 
including hypertension, diabetes mellitus, 
and cardiovascular diseases, were noted. 
The American Society of Anesthesiologists 
(ASA) physical status classification was 

used to assign each patient’s health status. 
Variables related to the administration and 
management of spinal anesthesia included 
preoperative medications, type and dosage 
of spinal anesthetic, spinal puncture site, 
patient positioning during the procedure, 
implementation of left uterine 
displacement, and the use of anticholinergic 
or vasopressor agents, as well as position 
adjustments made to achieve adequate 
analgesia. 
The adverse effects associated with spinal 
anesthesia included hypotension (defined 
as a reduction in blood pressure greater than 
30% from baseline), bradycardia (heart rate 
below 60 beats per minute), as well as 
nausea and vomiting. The timing of these 
events was carefully documented. 
Data analysis was conducted using SPSS 
version 11.5. The primary outcomes were 
the binary variables representing the 
occurrence of significant hypotension 
and/or bradycardia (yes/no) following 
spinal anesthesia. Initially, univariate 
analysis was performed to explore 
associations between potential predictors 
and the occurrence of these side effects. 
Categorical variables were evaluated using 
the Chi-square test or Fisher’s exact test, 
while continuous variables were analyzed 
using the independent t-test.  
Subsequently, multivariate logistic 
regression was employed to identify 
independent predictors significantly 
associated with hypotension and/or 
bradycardia. A forward stepwise selection 
method was applied, where variables not 
yet included in the model were tested for 
entry based on their statistical significance 
(p < 0.05).  
Variables already in the model were 
evaluated for potential removal using the 
likelihood ratio test. The process continued 
until no further variables met the criteria for 
entry or removal. A p-value of less than 
0.05 was considered statistically significant 
throughout the analysis. 
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Results 
A total of 722 parturient who underwent 
cesarean section under spinal anesthesia 
were included in the study. Preoperative 
assessments identified hypertension in 12 
patients (1.7%), anemia in 11 patients 
(1.5%), and respiratory disorders in 5 
patients (0.7%). 
At 30 minutes post-spinal anesthesia, a 
sensory block level above the T4 
dermatome was observed in 584 patients 
(80.9%), while a level above T6 was 
achieved in 709 patients (98.2%). 
The incidence of hypotension was 52.6% 
(380 patients), bradycardia occurred in 
2.5% (18 patients), and both hypotension 
and bradycardia simultaneously were seen 
in 2.1% (15 patients). Among those with 
hypotension, 318 patients (44.0%) 
experienced one episode, 53 patients 
(7.3%) had two episodes, and nine patients 
(1.2%) had three episodes. 
The mean time to onset of the first 
hypotensive episode was 7.84 ± 7.24 
minutes, with a range from 1 to 50 minutes. 

The average intravenous ephedrine dose 
administered to manage hypotension was 
11.86 ± 7.19 mg. For patients who 
developed bradycardia, the mean onset time 
was 7.33 ± 4.07 minutes (range: 3 to 15 
minutes). 
Demographic characteristics and baseline 
variables of the parturient are summarized 
in Table 1. Information regarding spinal 
anesthesia techniques, estimated blood loss, 
and adverse events—including the 
univariate analysis results—are provided in 
Tables 2 and 3. 
Discussion  
Pregnancy brings about profound 
alterations in maternal hemodynamics [12]. 
The central hemodynamic profile of the 
pregnant woman is further altered by 
position changes, compounded in late 
pregnancy by the effects of the gravid 
uterus on the vena caval and aortic blood 
flow in the supine position [13]. The 
present study confirms the authors’ recent 
study that hypotension after spinal 
anesthesia occurred more frequently than 
other operation [14]. 

 
Table 1: Demographic and baseline characteristic of patients undergoing cesarean 

section (univariate analysis) 
Variable Total Hypotension Yes 

(n=380) 
Hypotension No 
(n=342) 

p-
value 

Bradycardia Yes 
(n=18) 

Bradycardia No 
(n=704) 

p-value 

Age (years) 721 31.3 ± 6.11 30.3 ± 6.54 0.030 30.8 ± 6.31 30.8 ± 6.34 0.990 
Weight (kg) 718 69.1 ± 10.55 67.6 ± 10.15 0.054 66.9 ± 6.99 68.5 ± 10.46 0.528 
Height (cm) 718 156.3 ± 5.80 157.0 ± 7.22 0.172 156.2 ± 5.66 156.6 ± 6.54 0.777 
BMI > 30 (kg/m²) 190 107 (30.2%) 83 (25.9%) 0.250 3 (16.7%)  0.421 
BMI > 35 (kg/m²) 30 17 (4.8%) 13 (4.1%) 0.781 0 (0.0%) 30 (4.3%) 0.457 
ASA Physical 
Status (I) 

720      0.796 

ASA Physical 
Status (II) 

623 326 (85.8%) 297 (87.4%) 0.310 17 (94.4%) 606 (86.3%) 0.600 

ASA Physical 
Status (III) 

91 49 (12.9%) 42 (12.4%)  1 (5.6%) 90 (12.8%)  

Emergency Cases 6 5 (1.3%) 1 (0.3%) 0.194 0 (0.0%) 6 (0.8%) 0.417 
History of 
Hypertension 

369 185 (48.7%) 184 (53.8%) 0.194 7 (38.9%) 362 (51.4%) 0.417 

History of 
Ischemic Heart 
Disease (IHD) 

12 5 (1.3%) 7 (2.0%) 0.634 1 (5.6%) 11 (1.6%) 0.263 

History of 
Anemia 

2 2(0.5%) 0 (0.0%) 
 

0.501 0 (0.0%) 2 (0.3%) 1.000 

History of 
Respiratory 
Disease 

11 4 (1.1%) 7 (2.0%) 0.433 0 (0.0%)  1.000 

History of 
Diabetes Mellitus 

5 5 (1.3%) 0(0.0%) 0.063 0 (0.0%) 5 (0.7%) 1.000 

*Value shown as mean (SD) and frequency (%) 
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Table 2: Details of spinal anesthetic technique and clinical characteristic of parturient 

(univariate analysis) 
Variable 
 

Total 
(n=722) 

Hypotension 
Yes (n=380) 

Hypotension No 
(n=342) 

p-value Bradycardia 
Yes (n=18) 

Bradycardia No 
(n=704) 

p-
value 

Anesthetic Level > 
T4 at 5 min 

722 149 (39.2%) 89 (26.0%) <0.001 8 (44.4%) 230 (32.7%) 0.426 

Anesthetic Level > 
T4 at 15 min 

722 323 (85.0%) 261 (76.3%) 
 

0.004 15 (83.3%) 569 (80.8%) 1.000 

Anesthetic Level > 
T4 at 30 min 

722 345(90.8%) 275 (80.4%) <0.001 15 (83.3%) 605 (85.9%) 0.731 

Prehydration Fluid 
Volume (mL) 

722   0.170   0.022 

< 500  55 (14.5%) 60 (17.5%)  1 (5.6%) 114 (16.2%)  
500–1000  324 (85.3%) 278(81.3%)  16 (88.9%) 586 (83.2%)  
> 1000  1 (0.3%) 4 (1.2%)  1 (5.6%) 4 (0.6%)  
Total Fluid 
Administered (mL) 

711   0.007   0.977 

< 500  0 (0.0%) 1 (0.3%)  0 (0.0%) 1(0.1%)  
500–1000  19 (5.1%) 26 (7.6%)  1 (5.6%) 44 (6.3%)  
1000–1500  130 (35.0%) 152 (44.7%)  8 (44.4%) 274(39.5%)  
> 1500  222 (59.8%) 161(47.4%)  9 (50.0%) 374 (54.0%)  
Side Effects 722       
Nausea  61 (16.1%) 16 (4.7%) <0.001 3 (16.7%) 74 (10.5%) 0.427 
Vomiting  29 (7.6%) 9 (2.6%) 0.005 2 (11.1%) 36 (5.1%) 0.244 
Shivering  49 (12.9%) 63 (18.4%) 0.052 1 (5.6%) 111 (15.8%) 0.335 
Fainting  6 (1.6%) 0 (0.0%) 0.032 0 (0.0%) 6 (0.9%) 1.000 

*Value shown as frequency (%) 
 
The anesthetic management in this 
observational study was not randomized 
and several factors were simultaneously 
analyzed. Such an approach was chosen for 
the following reasons, it enables the 
analysis of factors which are difficult to 
control (e.g. spread of block), it avoids the 
bias resulting by separately analyzing each 
variable [15], and it enables the 
simultaneous analysis of factors 
characterized by a large variability, which 
could not safely be accomplished with a 

randomized study (e.g. pregnant patients 
might receive a high dose of local 
anesthetic). The authors’ data were 
prospective with respect to data collection. 
Prospective data should be more reliable 
than retrospective [16] because the 
variables that were thought to be prognostic 
to the complications were collected with the 
greatest possible accuracy and the 
definitions of complications were similar 
among different anesthesiologists. 

 
Table 3: Factors associated with hypotension, bradycardia (multivariate analysis) 

Variable Condition Odds Ratio (OR) 95% Confidence Interval (CI) p-value 
Hypotension     
- Estimated blood loss 500–1000 mL  1.86 1.30–2.67 0.001 
Estimated blood loss >1000 mL  5.31 1.47–19.19 0.011 
Left uterine displacement  1.56 1.11–2.19 0.010 
Sensory block level above T4  1.94 1.18–3.19 0.009 
Bradycardia     
Intrathecal morphine (0.2 mg)  4.61 1.31–16.19 0.017 
 
Although hypotension is clearly defined as 
“subnormal arterial blood pressure”, the 
definition of subnormal arterial blood 
pressure remains controversial. However, 
previous studies support the authors’ 
criteria of 30% decrease in systolic blood 
pressure as the definition of hypotension 

[1,2]. The authors also defined common 
acceptable heart rate of less than 60 as 
clinical bradycardia. The incidence of 
hypotension and bradycardia in the present 
study was 52.6% and 2.5% respectively, 
which are similar to those in previous 
reports [4,8,14]. The possible explanations 
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of different incidence rate to some reports 
[17,18,19,20] are: 1) different definitions of 
primary outcomes; 2) different clinical 
settings; and 3) different methods of data 
collection. The following variables were 
identified with univariate analysis as having 
an association with a higher incidence of 
hypotension: age, adjusted position for 
adequate analgesia, use of intrathecal 
morphine, uterine displacement, estimated 
blood loss > 500 mL, analgesia level > T4, 
and total amount of fluid administration. 
However, the results of stepwise logistic 
regression analysis revealed that the 
amount of estimated blood loss and left 
uterine displacement were significantly 
associated with hypotension.  
Estimated blood loss > 1000 mL showed 
strong association (OR 5.31) with 
hypotension while estimated blood loss 
500-1000 mL had OR 1.86. However, 
estimation of blood loss by attending 
anesthesiologists or anesthesia residents 
was not accurate and may be over-
estimated. Performing of left uterine 
displacement showed 1.5 fold increased 
risk for hypotension. In the present study, 
left uterine displacement was done in 273 
out of 722 (37.8%) of all cesarean sections, 
168 out of 380 (44.2%) of hypotension 
cases, and 105 out of 342 (31.7%) of non-
hypotensive cases.  
This may represent the low compliance to 
practice guideline in term of left uterine 
displacement procedure in our institution. 
The possible explanation of higher 
proportion of left uterine displacement in 
hypotensive group was left uterine 
displacement was performed after the 
hypotensive episode had occurred in some 
patients. In 1976, Clark et al showed that 
the combination of fluid and uterine 
displacement did not eliminate hypotension 
[21]. One major flaw in the Clark et al study 
was the failure to include a group that had 
uterine displacement alone. Further study 
as a randomized controlled trial may be 
required to investigate the hypotension 

preventive effect of left uterine 
displacement. 
The maximum block height > T4 was 
associated with increased risk of 
hypotension (OR 1.94). The effect of 
sensory block height is believed to result 
from blockade of the sympathetic nervous 
system. When the sympathetic block level 
is less than T4, compensatory 
vasoconstriction in the upper extremities 
moderates the blood pressure drop [22]. At 
a higher level of spinal anesthesia, 
however, this compensatory mechanism is 
blocked, as are the cardioaccelerator fibers. 
Furthermore, higher sensory levels of 
anesthesia correlated with relatively greater 
decreases in systolic blood pressure [2]. 
However, there was small variation of 
block height in pregnant patients in the 
present study. 
There was significant correlation between 
the incidence of hypotension and the 
incidence of nausea (p < 0.001), vomiting 
(p = 0.005), and fainting (p = 0.032) in 
univariate but not in multivariate analysis. 
The incidence of bradycardia alone did not 
correlate with the incidence from any other 
side effects. The present study showed that 
nausea and vomiting occurred commonly 
during anesthesia (10.7% and 5.3% 
respectively). These results are consistent 
with historical reports [2,23,24]. The 
etiology of nausea during spinal anesthesia 
is unknown. Some authors have suggested 
that unopposed vagal activity that occurs 
when sympathetic nerves are blocked 
during spinal anesthesia, is the cause. 
Supporting this theory is the observation 
that atropine was more effective in 
relieving nausea during spinal anesthesia 
than was elevation of the blood pressure 
with vasopressors [25]. Other authors have 
speculated that cerebral hypoxia is the 
primary cause of nausea during spinal 
anesthesia [23,26]. Decrease in blood 
pressure ultimately reduces cerebral blood 
flow to the extent that cerebral hypoxia 
occurs and causes nausea [26].  
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The observed incidence of bradycardia 
(2.5%) and concurrent bradycardia with 
hypotension (2.1%) was relatively low, 
which may have limited the ability to 
identify additional contributing factors. 
Notably, the onset of bradycardia occurred 
earlier than that of hypotension (15 minutes 
vs. 50 minutes). Univariate analysis 
revealed that administration of intrathecal 
morphine alongside local anesthetic and the 
volume of prehydration fluid administered 
prior to spinal anesthesia were associated 
with an increased risk of hypotension. 
Multivariate logistic regression identified 
intrathecal morphine as a significant 
predictor of bradycardia (OR 4.61).  
Two possible mechanisms may explain this 
association: (1) a direct pharmacological 
effect of intrathecal morphine on cardiac 
autonomic regulation, and (2) an increased 
total intrathecal volume when morphine 
(0.2 mg in 0.2 mL) is added to the local 
anesthetic solution. Further investigation is 
warranted to explore the specific impact of 
neuraxial opioids on the incidence of 
bradycardia. 
In conclusion, these findings suggest that 
the risk of hypotension is higher when 
estimated blood loss exceeds 500 mL and 
the sensory block level extends above T4. 
Additionally, the use of intrathecal 
morphine appears to be associated with an 
increased likelihood of bradycardia. 
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