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BACKGROUND: It remains unknown what constitutes physiologically relevant intraoperative bra-
dycardia. Intraoperative bradycardia is usually defined using absolute heart rate thresholds, 
ignoring preoperative baseline heart rates. In contrast, we considered defining intraoperative 
bradycardia relative to preoperative ambulatory nighttime heart rate. Specifically, we hypoth-
esized that the individual mean intraoperative heart rate is lower than the mean preoperative 
ambulatory nighttime heart rate. We, therefore, sought to investigate the relationship between 
the intraoperative and preoperative ambulatory nighttime heart rates in adults having noncar-
diac surgery with general anesthesia. Additionally, we sought to investigate the incidence of 
intraoperative bradycardia using relative versus absolute heart rate thresholds.
METHODS: We conducted a secondary analysis of a database from a prospective study includ-
ing preoperative ambulatory and intraoperative heart rates in 363 patients having noncardiac 
surgery with general anesthesia.
RESULTS: The mean intraoperative heart rate was lower than the mean nighttime heart rate 
(mean difference, −9 bpm; 95% confidence interval [CI], −10 to −8 bpm; P < .001). The mean 
intraoperative heart rate was lower than the mean nighttime heart rate in 319 of 363 patients 
(88%; 95% CI, 84%–91%). The incidence of intraoperative bradycardia was 42% (95% CI, 38%–
47%) when it was defined as intraoperative heart rate >30% lower than mean nighttime heart 
rate and 43% (95% CI, 38%–49%) when it was defined as intraoperative heart rate <45 bpm.
CONCLUSIONS: The mean intraoperative heart rate is lower than the mean nighttime heart rate 
in about 9 of 10 patients. Intraoperative bradycardia might thus be physiologically and clinically 
important. Future research needs to investigate whether there is an association between intra-
operative bradycardia and postoperative outcomes. (Anesth Analg 2021;133:406–12)

KEY POINTS
• Question: What is the relationship between the intraoperative and preoperative ambulatory 

nighttime heart rates in adults having noncardiac surgery with general anesthesia?
• Findings: The mean intraoperative heart rate was lower than the mean nighttime heart rate 

(mean difference, −9 bpm; 95% confidence interval, −10 to −8 bpm; P < .001).
• Meaning: The mean intraoperative heart rate is lower than the mean nighttime heart rate in 

about 9 of 10 patients; intraoperative bradycardia might thus be physiologically and clinically 
important.

GLOSSARY
CI = confidence interval; ASA = American Society of Anesthesiologists; BMI = body mass 
index; STROBE = STrengthening the Reporting of OBservational studies in Epidemiology

Heart rate control is an important part of intra-
operative hemodynamic management. Heart 
rate—together with stroke volume—is a 

main determinant of cardiac output.1 Bradycardia can 
cause a decrease in cardiac output and, thus, in oxy-
gen delivery to the end organs.

It remains unknown what constitutes physiologi-
cally relevant intraoperative bradycardia. In the gen-
eral adult population, bradycardia is usually defined 
as a heart rate of <60 bpm.2 Accordingly, intraopera-
tive bradycardia is usually also defined using abso-
lute heart rate thresholds (eg, 40, 50, or 60 bpm).3,4 
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However, absolute definitions of intraoperative bra-
dycardia ignore preoperative ambulatory heart rates 
and that these may vary substantially between indi-
viduals. In contrast, we considered defining intraoper-
ative bradycardia relative to preoperative ambulatory 
nighttime heart rate. Specifically, we hypothesized 
that the individual mean intraoperative heart rate is 
lower than the mean preoperative ambulatory night-
time heart rate.

We, therefore, sought to investigate the relationship 
between the intraoperative and preoperative ambula-
tory nighttime heart rates in adults having noncar-
diac surgery with general anesthesia using a database 
including preoperative ambulatory and intraopera-
tive heart rates. Additionally, we sought to investigate 
the incidence of intraoperative bradycardia using rel-
ative versus absolute heart rate thresholds.

METHODS
Study Design
We conducted a secondary analysis of a database 
from a previously published prospective study5 
including preoperative ambulatory and intraopera-
tive heart rates of patients who had elective noncar-
diac surgery with general anesthesia between January 
2015 and May 2016 at the University Medical Center 
Hamburg-Eppendorf, Hamburg, Germany. The pri-
mary study and the present secondary analysis were 
approved by the ethics committee (Ethikkomission 
der Ärztekammer Hamburg, Hamburg, Germany; 
registration number PV4778), and all patients gave 
written informed consent. This article adheres to the 
applicable STROBE (STrengthening the Reporting of 
OBservational studies in Epidemiology) guidelines.

Inclusion and Exclusion Criteria
We described the study design and methods of 
the primary study—that focused on the relation of 
ambulatory and perioperative blood pressure—in 
detail before.5 Patients in the database were between 
40 and 65 years old, had American Society of 
Anesthesiologists (ASA) physical status classification 
I or II, and had preoperative automated ambulatory 
blood pressure monitoring that also provides pulse 
rates (ie, heart rate) before elective noncardiac sur-
gery with general anesthesia.5 Exclusion criteria of the 
primary study were cardiac arrhythmia; pregnancy; 
secondary chronic arterial hypertension; diabetes 
mellitus; congestive heart failure; chronic kidney dis-
ease; abdominal, neurologic, or thoracic surgery; and 
intraoperative positioning other than supine.

Data Acquisition
Preoperative automated ambulatory blood pressure 
and heart rate monitoring were performed using a 
BOSO TM2430 device (Bosch + Sohn).5 Oscillometric 

blood pressure and heart rate measurements were 
obtained at 30-minute intervals for 1 day and the 
following night. Daytime was defined as the time 
between 9:00 am to 9:00 pm and nighttime as 12:00 
am to 06:00 am.6,7 Artifactual readings were reduced 
by discarding pressure recordings, as previously 
described in detail.5

Intraoperative heart rate was measured using 3- or 
5-lead electrocardiography and recorded with Infinity 
Delta patient monitors (Dräger Medical). We extracted 
heart rate values at 3-minute intervals for the initial 2 
hours of surgery.

Statistical Analysis
We extracted medical, biometric, and demographic 
data, along with surgical and perioperative proce-
dure information from the preexisting database. 
Descriptive results are presented as medians (with 
25th and 75th percentiles) for continuous data and as 
absolute frequencies and percentages for categorical 
data. Ambulatory and perioperative heart rates are 
presented as box plots. We performed a complete case 
analysis.

We computed a histogram to illustrate the fre-
quency distribution of differences between individual 
mean nighttime and mean intraoperative heart rate. 
To test the primary hypothesis that the individual 
mean intraoperative heart rate is lower than the mean 
preoperative ambulatory nighttime heart rate, we 
performed a paired t test after checking the paired 
difference for normality. We additionally calculated 
the proportion of patients in whom the mean intraop-
erative heart rate was lower than the mean nighttime 
heart rate and report the proportion with 95% confi-
dence interval (CI).

We calculated the incidence of intraoperative bra-
dycardia according to different definitions based on 
relative and absolute heart rate thresholds (relative 
definitions: single intraoperative heart rate >10%, 
>20%, >30%, >40%, and >50% lower than mean night-
time heart rate; absolute definitions: single intraop-
erative heart rate <60, <50, <45, <40, and <35 bpm). 
The incidences of intraoperative bradycardia based 
on different definitions with corresponding Clopper-
Pearson 95% CIs are shown as bar graphs. We cal-
culated the concordance rate and computed a Venn 
diagram to investigate whether relative and absolute 
definitions identify the same patients as having intra-
operative bradycardia.

We used IBM SPSS Statistics, version 25 (IBM Corp) 
and GraphPad PRISM (GraphPad Software) for statis-
tical analyses.

RESULTS
We included 363 patients in this secondary analysis 
after excluding 7 of the 370 patients reported in the 
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primary study.5 We excluded 5 patients because of 
missing intraoperative heart rate values and 2 patients 
because of missing biometric data. The patients’ 
demographic, biometric, and medical data are shown 
in the Table. A median of 22 daytime, 12 nighttime, 
and 30 intraoperative heart rate measurements per 
patient were included in the analysis. Median pre-
operative ambulatory daytime and nighttime heart 
rates were 77 bpm (25th–75th percentiles: 72–84 bpm) 
and 66 bpm (60–72 bpm), respectively, and median 
intraoperative heart rate was 56 bpm (51–64 bpm) 
(Figure 1).

The difference between the mean intraoperative 
heart rate and the mean nighttime heart rate is shown 
in Figure 2. The mean intraoperative heart rate was 
lower than the mean nighttime heart rate (mean dif-
ference, −9 bpm; 95% CI, −10 to −8 bpm; P < .001). The 
mean intraoperative heart rate was lower than the 
mean nighttime heart rate in 319 of 363 patients (88%; 
95% CI, 84%–91%). Seventy of 363 patients (19%; 95% 
CI, 15%–24%) had a mean intraoperative heart rate 
that was >15 bpm lower than the mean nighttime 
heart rate.

The incidences of intraoperative bradycardia 
according to different relative and absolute defini-
tions are shown in Figure 3. Expectedly, the incidence 
of intraoperative bradycardia varied substantially 

depending on the definition. For example, the inci-
dence of intraoperative bradycardia was 42% (95% 
CI, 38%–47%) when it was defined as intraoperative 
heart rate >30% lower than mean nighttime heart rate 
and 43% (95% CI, 38%–49%) when it was defined as 

Table. Patient Characteristics
Demographic and biometric data (n = 363)
 Male sex, n (%) 170 (47)
 Age, median (25th–75th percentile), years 52 (47–57)
 Height, median (25th–75th percentile), cm 172 (165–180)
 Weight, median (25th–75th percentile), kg 76 (66–89)
 ASA Physical Status Classification I, n (%) 80 (22)
 ASA Physical Status Classification II, n (%) 283 (78)
 BMI, median (25th–75th percentile), kg m−2 25 (23–28)
Ambulatory and intraoperative heart rates
 Number of ambulatory daytime heart rate  

measurements, median  
(25th–75th percentile)

22 (18–24)

 Number of ambulatory nighttime heart rate  
measurements, median  
(25th–75th percentile)

12 (12–13)

 Number of intraoperative heart rate measurements, 
median (25th–75th percentile)

30 (22–43)

 Ambulatory daytime heart rate, median  
(25th–75th percentile), bpm

77 (72–84)

 Ambulatory nighttime heart rate, median  
(25th–75th percentile), bpm

66 (60–72)

 Intraoperative heart rate, median  
(25th–75th percentile), bpm

56 (51–64)

Type of surgery
 Ear nose and throat, n (%) 135 (37)
 Oral and maxillofacial, n (%) 62 (17)
 Gynecology, n (%) 57 (16)
 Urology, n (%) 48 (13)
 Trauma, n (%) 29 (8)
 General, n (%) 28 (8)
 Others, n (%) 4 (1)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass 
index.

Figure 1. Ambulatory and intraoperative heart rate measurements. 
Box plots showing the medians of mean daytime heart rate, mean 
nighttime heart rate, and mean intraoperative heart rate. The lower 
and upper edges of the boxes represent the 25th and 75th per-
centiles. The bold horizontal lines across the boxes represent the 
medians. The whiskers indicate the lowest and highest values within 
a 1.5-box length range away from the 25th and 75th percentiles. 
Outliers (1.5–3 box lengths away from the 25th or 75th percentile) 
are shown as dots.

Figure 2. Histogram showing the frequency of the differences 
between mean intraoperative heart rate and mean nighttime heart 
rate (n; total = 363). The median difference is indicated by the 
dashed vertical line.
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intraoperative heart rate <45 bpm. These 2 definitions 
did not identify the same patients as having intraop-
erative bradycardia; the concordance rate was 72% 
(Figure 4).

DISCUSSION
We investigated the relationship between intraop-
erative and preoperative ambulatory nighttime heart 
rates in adults having noncardiac surgery with gen-
eral anesthesia using a database including preopera-
tive ambulatory and intraoperative heart rates. We 
additionally investigated the incidence of intraopera-
tive bradycardia using relative versus absolute heart 
rate thresholds.

There is no consensus on how to define intraop-
erative bradycardia in patients having surgery with 
general anesthesia. Different studies use different 
definitions of intraoperative bradycardia, resulting 
in incomparable results. In contrast to using absolute 
heart rate thresholds to define intraoperative bra-
dycardia, using thresholds relative to preoperative 
ambulatory heart rates may facilitate personalizing 
intraoperative bradycardia definitions.1 However, 
absolute definitions are easier to work with than rela-
tive definitions, especially because reliable baseline 
heart rate is usually not available in clinical practice. 

Notably, relative and absolute definitions do not nec-
essarily identify the same patients as having intraop-
erative bradycardia.

Compared to previous studies, the incidence of 
intraoperative bradycardia in our patient cohort 
was higher.8 Intraoperative bradycardia—defined 
as a heart rate of <60 bpm for at least 2 sequential 
measurements >5 minutes apart—was previously 
reported with an incidence of 35% in 193 patients 
having minor or major surgery with general and/or 
regional anesthesia.8 In contrast, we defined intra-
operative bradycardia based on a single heart rate 
measurement below a certain threshold that may also 
have contributed to the difference in intraoperative 
bradycardia incidences.

We confirmed the hypothesis that the individual 
mean intraoperative heart rate is markedly lower 
than the mean ambulatory nighttime heart rate. The 
mean intraoperative heart rate was lower than the 
mean nighttime heart rate in about 9 of 10 patients.

Heart rate directly affects ventricular filling and 
stroke volume. Therefore, the relation of heart rate 
and cardiac output under resting conditions is not 
linear, but U-shaped, which has been shown by inves-
tigating cardiac output at different pacing rates.9,10 
Beginning from low heart rates, cardiac output 

Figure 3. Incidences of intraoperative bradycardia. Bar graphs showing the incidences of intraoperative bradycardia based on relative and 
absolute definitions with corresponding Clopper-Pearson 95% confidence intervals.
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gradually increases until a plateau is reached; with 
higher heart rates, cardiac output gradually decreases 
because of a decreased filling time.9 This U-shaped 
relation explains potential harm that may be caused 
by very low and very high heart rates because both 
states result in low cardiac output. The U-shaped rela-
tion between heart rate and cardiac output is further 
influenced by sympathetic and vagal activity as well 
as venous return and arterial resistance. To maintain 
an adequate cardiac output, the complex interplay of 
heart rate, stroke volume, and cardiac output is fur-
ther controlled and adapted by numerous cardiovas-
cular reflexes.4,11–13 Those reflexes may be directly and 
indirectly impaired or affected by general anesthe-
sia,14–16 vasoactive drugs,12 and surgery,17 all of which 
may thus contribute to intraoperative bradycardia.

There are no formal guidelines for when and how 
to treat intraoperative bradycardia, but anesthesiolo-
gists usually intervene when bradycardia is severe, 

prolonged, or accompanied by hypotension.18 It seems 
reasonable to treat intraoperative bradycardia when it 
is accompanied by hypotension or low cardiac output, 
because both are associated with tissue hypoperfusion 
and postoperative complications.19–21 Additionally, 
intraoperative bradycardia— if not timely treated—
may evolve into cardiac arrest.18 Prediction models 
based on risk scores8 or artificial intelligence22 have 
been developed to predict clinically relevant intraop-
erative bradycardia. Still, their clinical benefit has to 
be evaluated in further studies.

We compared ambulatory pulse rates obtained by 
automated upper-arm cuff oscillometry with intra-
operative electrocardiography-derived heart rates. 
Because pulse intervals measured using automated 
ambulatory blood pressure monitoring accurately 
agree with electrocardiography-derived heart rates,23 
we assume that using different methods for ambu-
latory and intraoperative heart rate monitoring did 

Figure 4. Venn diagram illustrating the concordance between 2 definitions of intraoperative bradycardia (relative definition: intraoperative 
heart rate >30% lower than mean nighttime heart rate; absolute definition: intraoperative heart rate <45 bpm).
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not influence our results. We only analyzed the first 
2 hours of surgery even though intraoperative bra-
dycardia may occur during all phases of anesthesia.18 
However, the duration of surgery was longer than 
2 hours in only 23 of 363 (6%) of patients. In most 
patients, the study period thus adequately covered the 
anesthesia maintenance phase where intraoperative 
bradycardia most commonly occurs.18 We only inves-
tigated intraoperative bradycardia in middle-aged 
patients with an ASA physical status classification of I 
or II having elective noncardiac low- to intermediate-
risk surgery. Our results may not adequately reflect 
the incidence of intraoperative bradycardia in elderly 
patients with severe preexisting medical conditions 
or patients having high-risk surgery. Furthermore, 
premedication with midazolam in 308 of 363 (85%) 
patients may have affected our results. Finally, we 
did not monitor depth of anesthesia or nociception 
that would have allowed a more detailed assessment 
of the influence of anesthetic and analgetic drugs on 
intraoperative bradycardia. Because of the retrospec-
tive study design, it was not possible to systematically 
analyze and control confounding factors that might 
have influenced intraoperative heart rate.

Future research needs to determine to what extent 
intraoperative bradycardia is physiologically and 
clinically important. Therefore, it has to be investi-
gated if and to what extent intraoperative bradycar-
dia is accompanied by intraoperative hypotension, 
low cardiac output, or tissue hypoxia, and if there is 
a causal relation between intraoperative bradycardia 
and postoperative complications. If so, the preven-
tion or prediction of intraoperative bradycardia and 
individual treatment strategies need to be explored. 
Further, intraoperative bradycardia treatment may 
be included in perioperative goal-directed therapy 
protocols that aim to optimize global cardiovascular 
dynamics and maintain adequate organ perfusion 
and oxygen delivery.24

The mean intraoperative heart rate is lower than 
the mean nighttime heart rate in about 9 of 10 patients. 
Intraoperative bradycardia might thus be physiologi-
cally and clinically important. Future research needs 
to investigate whether there is an association between 
intraoperative bradycardia and postoperative out-
comes. E
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