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Introduction

Spinal anesthesia has been considered a safer technique than gen-
eral anesthesia. But, it has many side effects too. These are hypo-
tension, bradycardia, nausea, vomiting, and neurologic injury [1, 
2].

Severe bradycardia asystole after induction of  spinal anesthesia 
can cause serious consequences [3, 4]. Studies and case reports of  
this bradycardia and asystole have been published, but the exact 
causes and mechanisms remain unclear [5-8].

Beta (β)-blockers are among the most commonly prescribed drug 
in patients presenting for surgery [9, 10]. Its indications include 
ischemic heart disease, postinfarction management, hypertrophic 
cardiomyopathy, heart failure and hypertension. β-blockers lower 
blood pressure with a decrease in resting heart rate and left ven-
tricular function. Therefore, patients who take β-blockers at the 
time of  surgery with spinal anesthesia may be more vulnerable to 
severe bradycardia and asystole during surgery than the patients 
who do not.

In this study, we retrospectively recorded the incidence of  severe 
bradycardia and asystole during spinal anesthesia in patients who 
received β-blockers. And investigated the risk factors contributing 
to the incidence of  severe bradycardia.

Materials and Methods

This was a single-center, retrospective study designed to find out 
the incidence and risk factors of  severe bradycardia during spinal 
anesthesia in patients who received β-blockers. The Institutional 
Review Board of  our institute approved the study protocol (ap-
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proval date: 2014, September, 23; approval number: Suyon 2014-
166). Anesthesia chart from March, 2009 to June, 2014, involv-
ing 693 cases were retrospectively examined. All patients receive 
elective surgery in our institute with spinal anesthesia and took 
β-blockers until the day of  operation. Bradycardia was defined 
as a heart rate <50 beats per minute for at least 1 minute. Ten 
variables were selected as risk factors contributing to bradycardia: 
gender, age, body mass index (BMI), spinal drug dose (0.5% hy-
perbaric bupivacaine), peak sensory block height, baseline heart 
rate (HR), baseline systolic blood pressure (SBP), baseline dias-
tolic blood pressure (DBP), baseline mean blood pressure (MBP), 
history of  diabetes (DM). Blood pressure was measured and re-
corded every 5 minute and heart rate was measured continuously 
but recorded every 5 minute. All data concerning incidence of  
bradycardia, heart rate of  bradycardia during entire period of  an-
esthesia and variables were recorded by expert anesthesiologists. 
We excluded all possible influences to heart rate of  the patients.

Patients who medicated any other cardiac drugs except β-blocker 
preoperatively, who received opioids and benzodiazepines preop-
eratively and intraoperatively, who were premedicated with glyco-
pyrrolate or atropine, obstetric patients, cases in which epineph-
rine additive to spinal local anesthetics, use general anesthesia 
after spinal anesthesia, and loss of  at least one of  the variables on 
the anesthesia chart were criteria for exclusion.

For the purpose of  analysis, patients were separated into groups 
based on age (<65 and ≥65years), BMI (<25 and ≥25kg/m2), 
baseline heart rate (<60 and ≥60 beats per minute), baseline SBP 
(<150 and ≥150 mmHg), baseline DBP (<90 and ≥90 mmHg), 
baseline MBP (<110 and ≥110 mmHg), spinal drug dose (<12 
and ≥12 mg), and peak sensory block height (<T5, and ≥T5). We 
chose T5 to divide peak sensory height because T5 is the lowest 
level of  cardiac acceleration fiber.

Summary statistics were performed to identify the correlation be-
tween bradycardia and the 10 variables. Because all patients were 
grouped by each variable, they were assessed by chi-square or 
Fisher’s exact test. Potentially significant variables (P < 0.10) after 
univariate intergroup comparisons were assessed by forward and 
backward stepwise multivariate logistic regression analyses. Data 
are presented as numbers (percentage) for results from the uni-
variate analyses and odds ratio (95% confidence interval, CI) for 
those from the multivariate logistic regression analyses. The sen-
sitivity and unbiased estimate of  the logistic predicting model and 
the cutoff  values of  individual predictors from multivariate analy-

sis were evaluated by area under the receiver operating character-
istic curve (AUC) analysis. All tests were two-sided, and p< 0.05 
were considered to indicate statistical significance. SPSS software 
(ver. 15.0 SPSS, Chicago, IL, USA) was used for statistical analysis.

Based on previous study, in which the incidence of  bradycardia 
during spinal anesthesia taking in case of  β-blockers was 17.6% 
[11], we assumed a 95% CI; allowable limit of  error was 3% with 
an α of  0.05. According to this assumption, calculated sample size 
was 610. Considering the possibility of  loss in the course of  data 
collection, 693 cases were studied.

Results

Fifty one of  the 693 cases, were excluded due to combined general 
anesthesia with spinal anesthesia (n=2), premedicated with gryco-
pyrrolate or midazolam (n=30), use of  epinephrine or fentanyl in 
0.5% hyperbaric bupivacaine (n=10), and incomplete anesthesia 
chart (n=9). The remaining 642 cases were included. 86 patients 
experienced bradycardia, representing an incidence rate of  13.4%, 
and the lowest heart rate was 36 beats per minute. Asystole did 
not occur (Table 1). Among the 86 cases, 20 were administered 
ephedrine, atropine was given in one case, and glycopyrrolate 
was given in one case. Hemodynamic instability from the severe 
bradycardia did not happen and all of  the patients received their 
scheduled surgery uneventfully.

On univariate analysis, male gender, absence of  diabetes, low base-
line heart rate were statistically associated with a higher incidence 
of  bradycardia (p=0.02, <0.00, <0.00; Table 1). In multivariate lo-
gistic regression (Table 2), risk of  bradycardia was elevated 10.44-
fold (95% CI, 6.26 – 17.42) in the case of  low baseline heart rate 
(<60 beats per minute). In cases where diabetes was absent, the 
risk of  bradycardia was elevated 2.6-fold (95% CI, 1.40-4.81). For 
male gender, risk of  bradycardia was elevated 1.65-fold (95% CI, 
1.0-2.74), but was not statistically significant (p=0.06). The AUC 
curve was 0.79 (95% CI 0.73-0.84), which indicated the value of  
predicting the occurrence of  bradycardia during spinal anesthesia 
(Figure 1).

Discussions

Severe bradycardia and asystole are side effects of  spinal anesthe-
sia that can cause undesirable results [3, 8, 12]. β-blockers lower 
the resting heart rate. β-blockers may be a risk factor of  severe 

Table1. Incidence of  Bradycardia evaluated with Patient Characteristics: Univariate Analysis.

Variable
Total Bradycardia

P-value
No.     % No      %

Age
<65 176     27.4 25      29

0.70
≥65 466     72.6 61      71

Gender
 Male 246     38.3 43      50

0.02*
 Female 396     61.7 43      50

Body mass index
<25 232     36.1 30      34.9

0.90
≥25 410     63.9 56      65.1
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History of  diabetes
 Yes 220     34.3 16      18.6

<0.00*
 No 422     65.7 70      81.4

Baseline heart rate
<60 148     23.1 58      67.4

<0.00*
≥60 494     76.9 28      32.6

Baseline systolic blood pressure
<150 mmHg 257     40.0 34      39.5

0.92
≥150 mmHg 385     60.0 52      60.5

Baseline diastolic pressure
<90 mmHg 425     66.2 58      67.4

0.90
≥90 mmHg 217     33.8 28      32.6

Baseline mean pressure
<110 mmHg 371     57.8 52      60.5

0.64
≥110 mmHg 271     42.2 34      39.5

Spinal drug dose
<12mg 602     93.8 78      90.7

0.23
≥12mg 40      6.2 8       9.3

Block level
<T5 565     88.0 74      86.1

0.60
≥T5 77      12.0 12      13.9
Total 642 86      13.4

Values are presented as number and percentage. * is when p-value is lower than 0.05.

Table 2. Logistic Regression: Variables Associated with Bradycardia.

Odds ratio 95% confidence Interval P-value
Male gender 1.65 1.0 – 2.74 0.06
Baseline heart rate <60 
BPM 10.44 6.26 – 17.42 <0.00*

Absence of  diabetes 2.60 1.40 – 4.81 <0.00*

Values are presented as number and percentage. * is when p-value is lower than 0.05.

Figure 1. Area under the receiver operating characteristic (AUC) curve.
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bradycardia after spinal anesthesia [2, 11]. Therefore we retro-
spectively evaluated the incidence and risk factors of  bradycardia 
after spinal anesthesia among the patients who received taking 
β-blockers.

The overall incidence of  severe bradycardia of  13.4% is some-
what lower than previous studies. According to the lesser [11], the 
incidence of  bradycardia (<50 BPM) was 17.3% (72 case in 416) 
during spinal and epidural anesthesia within the patients taking 
beta-blockers. Carpenter et al., [2] reported that the incidence of  
bradycardia (<50 BPM) was 23.6 % (25 cases in 106).

There may be several reasons for this difference. The mean age 
was our patients group (69.8 years) was much higher. We can as-
sume that as age increased, vagal tone decreased, so the incidence 
of  bradycardia will decrease. Secondary, contrary to other studies, 
there was fewer male gender. Male presently displayed a 1.6-fold 
increases in the odds of  developing bradycardia. Finally, the num-
ber of  patients who had peak sensory block level higher than T5 
(62%) was much lower than the 20% reported previously [2]. The 
latter authors reported that low ASA classification and high peak 
sensory block height was risk factors of  bradycardia with spinal 
anesthesia.

On regression analysis, baseline heart rate and the absence of  
diabetes were contributing variables affecting bradycardia during 
spinal anesthesia. Male gender increased the risk of  bradycardia 
1.65 fold but it was not statistically significant. This analysis was 
identical previous studies [2, 11]. History of  diabetes with the ab-
sence of  bradycardia is associated with cardiac denervation syn-
drome [13]. As the duration of  diabetes lengthens, there is first an 
increase in parasympathetic tone which leads to increased heart 
rate. Subsequently, the heart rate decreases due to continued loss 
of  sympathetic tone. Finally the heart is denervated completely, 
resulting in a fixed heart rate.

In the patients who are taking β-blockers, a baseline heart rate 
lower than 60 beats per minute was evident in 23.1%. In these 
patients, the incidence of  bradycardia was 39%. Carpenter [2] re-
ported a rate of  this baseline heart rate of  10.6% (100 in 947 pa-
tients), regardless of  β-blocker use. The incidence of  bradycardia 
in that group was 37%. This result suggests that β-blockers lower 
the baseline heart rate, but do not specially lower the heart rate 
during spinal anesthesia.

Mackey et al., [7] suggested the Bezold-Jarisch reflex as the main 
causes of  severe bradycardia and asystole after spinal anesthesia. 
This reflex paradoxically increases cardiac inhibitory neural ac-
tivity from an underfilled hypercontractile left ventricle. Sensory 
receptors present in the heart; inhibitory receptors are associated 
with nonmyelinated C fiber that appears to constitute the affer-
ent limb of  the Bezold-Jarisch reflex. Many of  these receptors, 
which result in increased vagal activity, can also be stimulated me-
chanically and by distortion of  myocardium, such as low filling 
pressure, and rapid contraction of  empty chamber [14]. Jacobsen 
[15] reported the effect of  epidural anesthesia on left ventricu-
lar diameter in eight human volunteers using echocardiography. 
Two of  the subjects developed bradycardia and hypotension with 
sensory level at T8 accompanied by a 22% reduction in the left 
ventricular diameter. These changes were reversed by rapid intra-
venous infusion of  saline. Pathak [16] reported that with reduced 
atrial filling, stretch in the pacemaker region is reduced and heart 
rate decreased. This situation is compatible with reduced venous 

return, sympathetic blockade and venodilation normally associ-
ated with spinal or epidural anesthesia. Presently we were unable 
to check the amount of  intravenous infusion around the time of  
spinal anesthesia and total intake and output balance during sur-
gery. This is limitation.

Spinal anesthesia can inhibit the preganglionic sympathetic effer-
ent limb of  the autonomic nervous system. This can occur by 
blockade of  cardiac accelerator fibers when the level of  sympa-
thetic blockade extends above T5 [11]. Presently the peak sensory 
level blockade was not associated with bradycardia. Carpenter [2] 
also indicated that this has the weakest correlation to bradycardia 
and suggested that the balance between sympathetic and para-
sympathetic tone may play an important role in susceptibility to 
development of  bradycardia after spinal anesthesia.

Conclusion

In conclusion, the incidence of  severe bradycardia during spinal 
anesthesia was 13.4% in patient receiving β-blockers. Hemody-
namic instability did not occurred with bradycardia. But, non-
diabetic patients with a low baseline heart rate were vulnerable to 
develop severe bradycardia.
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