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Abstract
Background and aim

Postoperative arrhythmia is very common after isolated coronary artery bypass grafting (CABG). Indeed, it is
the most frequently encountered arrhythmia and an important contributor to postoperative morbidity and
mortality. This study aimed to evaluate the incidence of postoperative arrhythmias and to identify factors
associated with their occurrence in patients undergoing isolated off-pump CABG.

Methods

This prospective observational study was conducted on 100 patients who underwent isolated CABG at
Bhanubhai and Madhuben Patel Cardiac Centre from January 2020 to September 2021. Demographic and
hemodynamic data were recorded intraoperatively and postoperatively. The primary outcome was
postoperative arrhythmia, and atrial fibrillation was analyzed as a subtype. Bivariate analysis followed by
multivariate logistic regression was performed to identify factors associated with postoperative arrhythmia.
Adjusted odds ratios (OR) with 95% confidence intervals (CI) were reported.

Results

The incidence of postoperative arrhythmia was 23%, of which atrial fibrillation occurred in 17% and
ventricular premature complexes in 6% of patients. Univariate analysis revealed that age, diabetes mellitus,
and intraoperative bradycardia were associated with the occurrence of arrhythmia. On multivariate logistic
regression, diabetes mellitus (OR 3.31; 95% CI1 0.97-11.27), intraoperative bradycardia (OR 4.76; 95% CI 1.06-
21.27), and intraoperative tachycardia (OR 8.89; 95% CI 1.09-72.27) were associated with postoperative
arrhythmia.

Conclusions

Diabetes mellitus and intraoperative hemodynamic variations were associated with postoperative
arrhythmias in patients undergoing off-pump CABG. These findings represent associative relationships and
should be interpreted cautiously given the observational design and limited sample size.

Categories: Cardiology, Cardiac/Thoracic/Vascular Surgery, Anesthesiology
Keywords: atrial fibrillation, dexmedetomidine, hemodynamics, off pump coronary artery bypass grafting,
postoperative arrhythmias

Introduction

Despite advances in anesthesia techniques and improved cardiac surgical skills, perioperative arrhythmia
remains common after cardiac surgery [1]. Atrial tachyarrhythmia is more common in the postoperative
period than ventricular arrhythmias and bradyarrhythmias. The incidence of postoperative atrial fibrillation
(AF) after isolated coronary artery bypass grafting (CABG), valve surgery, and combined valve and CABG
procedures is 15%-40%, 37%-50%, and 60%, respectively [2]. Postoperative AF can lead to hemodynamic
instability, thromboembolic phenomena, mortality and morbidity, and prolonged stays in the intensive care
unit (ICU) and the hospital, thereby increasing the overall cost of treatment [3]. Accordingly, the prevention
of postoperative AF has attracted considerable attention recently [4].

Off-pump CABG differs from on-pump CABG in terms of inflammatory response, myocardial ischemia-
reperfusion injury, and autonomic imbalance, all of which may influence the occurrence of postoperative
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arrhythmias. However, most existing prediction models for postoperative atrial fibrillation are derived from
mixed or on-pump CABG populations. Therefore, studying arrhythmias specifically in off-pump CABG
patients may help identify perioperative factors relevant to this subgroup. The aim of the present study was
to identify the factors associated with AF after isolated CABG.

Materials And Methods

This study was conducted at Bhanubhai and Madhuben Patel Cardiac Centre from January 2020 to September
2021 (data collection period) after approval from the Institutional Ethics Committee (IEC-2) of Bhaikaka
University, Anand, vide letter No. IEC/HMPCMCE/115/Faculty/22/220/2025 dated 01/07/2025. Ethics
committee approval dated 01/07/2025 was obtained for retrospective analysis of the prospective
observational study and publication of the collected data.

Inclusion criteria

All patients between the ages of 30 and 80 years undergoing isolated CABG were included in the study after
providing written informed consent. Consecutive eligible patients undergoing isolated off-pump CABG
during the study period were included.

Exclusion criteria

Patients with severe left ventricle (LV) dysfunction (ejection fraction <30%), end-stage renal disease, hepatic
dysfunction, a history of arrhythmia, or those posted for emergency or redo surgery were excluded from the
study.

Anesthesia and pain management

Anesthesia induction was done with an injection of 2 mcg/kg fentanyl and 0.05 mg/kg midazolam, followed
by 0.2-0.3 mg/kg etomidate. With loss of eyelid reflex, an injection of 1.0-1.5 mg/kg rocuronium was
administered, and orotracheal intubation was performed. Anesthesia was maintained with top-up doses of
fentanyl and midazolam, with rocuronium and sevoflurane as the inhalation agent. Intraoperative
monitoring included a 12-lead electrocardiogram (ECG), pulse oximetry, invasive blood pressure monitoring,
central venous pressure, and temperature monitoring. An infusion of dexmedetomidine was started after
induction of anesthesia at a rate of 0.2-0.5 mcg/kg/hour, titrated as per hemodynamics, and continued in the
ICU until 24 hours after initiation of the infusion. Dexmedetomidine activates central a receptors, leading to
sedation, reduced anxiety, analgesia, and anti-arrhythmic activity [5].

Accordingly, perioperative infusion of dexmedetomidine is our institutional protocol for all patients
undergoing off-pump coronary artery bypass surgery (OPCAB).

Definitions and methodology

Consistent with the American Heart Association (AHA) guidelines, AF was diagnosed based on ECG
characteristics lasting >30 seconds, showing absence of P waves and an irregular R-R interval when
atrioventricular conduction was present, as well as irregular atrial activity known as "fibrillatory waves" [6].

Outcome

The primary outcome of the study was the occurrence of postoperative arrhythmia during the intraoperative
period and within the first 72 hours postoperatively. Atrial fibrillation was analyzed as a subtype of
postoperative arrhythmia. Postoperative AF was diagnosed using an ECG showing the absence of P waves
and irregular R-R intervals lasting >30 seconds, consistent with AHA guidelines. The secondary outcome
was to assess the association of risk factors with the occurrence of postoperative AF.

Intraoperative hypotension was defined as systolic blood pressure (SBP) <100 mm Hg. Hypotension was
treated with volume therapy, reduction of dexmedetomidine infusion by 50%, and, if persistent, initiation of
noradrenaline.

SBP >150 mmHg was recorded as hypertension and treated by adjusting the depth of anesthesia. When
hypertension persisted, nitroglycerine was started. A reduction in heart rate to <50 beats per minute was
recorded as bradycardia and treated by reducing dexmedetomidine infusion. A heart rate >100 beats per
minute was recorded as tachycardia and managed by increasing the depth of anesthesia and titration of
dexmedetomidine infusion.

All patients were monitored with continuous ECG in the ICU for at least 72 hours postoperatively. A daily
12-lead ECG was performed, and an additional ECG was obtained if arrhythmia was clinically suspected.
Hemodynamics were recorded every 30 minutes after induction of anesthesia in the operating theater,
hourly for up to six hours after transfer to the ICU, and twice hourly for up to 24 hours after initiation of
dexmedetomidine infusion. The pain score was recorded for all patients undergoing OPCAB using the visual
analog scale (VAS) every six hours after extubation by the duty doctor in the ICU. Patients were classified as
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hypotensive, hypertensive, bradycardic, or tachycardic if more than 70% of recorded readings fell into the
respective category. This classification was used to reflect sustained hemodynamic exposure rather than
isolated readings.

An injection of 1 g paracetamol was administered every six hours as first-line analgesia. For VAS scores >3, a
second-line injection of 50 mg tramadol was administered three times daily. An infusion of 1-2 mcg/kg/hr
intravenous fentanyl was started only when VAS scores exceeded 3 after tramadol administration.

Intraoperative and postoperative serum electrolytes were recorded, and hypokalemia was defined as serum
potassium <3.5 mEq/L.

Statistical analysis

Data were entered into Microsoft Excel (Microsoft Corporation, Redmond, Washington) and analyzed using
STATA 14.2 (StataCorp LLC, College Station, Texas). Continuous variables were expressed as mean *
standard deviation and categorical variables as frequency and percentage. Bivariate analysis was performed
using Student’s t-test for continuous variables and Fisher’s exact test for categorical variables. Variables
with p <0.10 in bivariate analysis were included in the multivariate logistic regression model. Multivariate
logistic regression was performed to identify factors associated with postoperative arrhythmia, and adjusted
odds ratios with 95% confidence intervals were reported. A p-value <0.05 was considered statistically
significant. Given the limited number of outcome events, the number of variables included in the
multivariate model was restricted to avoid model overfitting.

Results

The incidence of postoperative arrhythmia was 23%. The baseline demographic variables are shown in Table

1.
Variable Overall (n = 100) Arrhythmia (n = 23) No Arrhythmia (n = 77) p-value
Age (years), mean + SD 60.23 £ 9.65 63.78 £9.20 59.16 +9.59 0.04
Male, n (%) 88 (88%) 22 (95.7%) 66 (85.7%) 0.28
Female, n (%) 12 (12%) 1 (4.3%) 11 (14.3%)
BMI (kg/m?), mean + SD — — — 0.44
Diabetes mellitus, n (%) 38 (38%) 13 (56.5%) 25 (32.5%) 0.05
Hypertension, n (%) 57 (57%) 11 (47.8%) 46 (59.7%) 0.37
Bradycardia, n (%) 22 (22%) 9 (39.1%) 13 (16.9%) 0.01
Tachycardia, n (%) 11 (11%) 4 (17.4%) 7 (9.1%) 0.10
Hypotension, n (%) 11 (11%) 4 (17.4%) 7 (9.1%) 0.37
Hypokalemia, n (%) 28 (28%) 6 (26.1%) 22 (28.6%) 1.00
VAS > 3, n (%) 37 (37%) 12 (52.2%) 25 (32.5%) 0.13

TABLE 1: Baseline characteristics of the study population and comparison between patients with
and without postoperative arrhythmias

Continuous variables are expressed as mean * standard deviation and categorical variables as number (percentage).
P-values were calculated using Student’s t-test for continuous variables and Fisher’s exact test for categorical variables.

BMI, body mass index; VAS, visual analog score.

Twenty-three of 100 patients developed postoperative arrhythmia, of which atrial fibrillation occurred in 17
patients and ventricular premature complexes occurred in 6 patients, as shown in Figure /.
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FIGURE 1: Occurrence and type of arrhythmias

AF, atrial fibrillation; VPC, ventricular premature complexes.

None of the patients had premature atrial complexes, ventricular tachycardia, ventricular fibrillation, or
bradyarrhythmia. Of the 23 patients who developed arrhythmia, 4 had intraoperative arrhythmia (17.4%),
and 4 had arrhythmia on postoperative day one (POD-1). Two of those who had arrhythmia on POD-1 had
AF, and 2 had ventricular premature contractions. Nine patients had arrhythmia on the second POD and 5
on the third POD, as shown in Figure 2.
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FIGURE 2: Time of occurrence of arrhythmias

POD, postoperative day.

The study patients who developed postoperative arrhythmia (POA) were assigned to one of two groups.
Twenty-three patients belonged to the group that developed POA (POA+), and 77 patients belonged to the
group that did not develop POA (POA-).

The mean age of patients in the POA+ group was 63.78 + 9.2 years, and that of the POA- group was 59.16 =
9.59 years. A significant association was found between age and the occurrence of postoperative arrhythmia
(p<0.05) (Table 2).
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Associated Variables
Age

Gender

Obesity

Hypertension

Diabetes

Heart rate

Blood pressure

K* level

VAS score

Category OR 95% CI for OR Adjusted p-value Unadjusted p-value
1.04 0.96, 1.11 0.27 0.04

Male 226 0.22,22.83 0.48 0.28
0.94 0.81,1.09 0.44 0.37

Present 1.65 0.50, 5.46 0.4 0.47

Absent (reference category)

Present 3.31 097, 11.27 0.05 0.05
Absent (reference category)

Bradycardia 476 1.06,21.27 0.04 0.01
Normal (reference category)

Tachycardia 8.89 1.09,72.27 0.04 0.1
Normal (reference category)

Hypertension 0.39 0.10, 1.50 0.17 0.59
Normal (reference category)

Hypotension 0.51 0.06, 4.22 0.54 0.46
Normal (reference category)

Hypokalemia 1.06 0.09, 11.51 0.95 >0.05
Normal (reference range)

>3 3.03 0.93,9.84 0.06 0.13

<3 (reference range)

TABLE 2: Multivariate analysis of factors associated with postoperative arrhythmias

The reference range/reference category for each variable is provided in the Materials and Methods section.

OR, odds ratio; Cl, confidence interval; K+, potassium; VAS, visual analog score [7].

In the POA+ group, 88% of the patients were male and 12% were female. No association was found between

gender and the occurrence of arrhythmia (p<0.05).

Using the World Health Organization classification of obesity, 52 patients belonged to the category of

normal body mass index (BMI) (18.5-24.19 kg/m?). The proportions of overweight and obese patients in the
POA+ group were 4% and 3%, respectively, and those in the POA- group were 27% and 9%, respectively. No
significant association was found between BMI and the occurrence of arrhythmia. Diabetes mellitus was
found in 56.5% of the patients in the POA+ group, whereas only 32.5% of the patients in the POA- group were
diabetic. A statistically significant association was found between diabetes mellitus and the occurrence of
arrhythmia. No significant association was found between hypertension or other comorbidities and the
occurrence of perioperative arrhythmia.

For each patient, 28 hemodynamic readings were recorded, and patients were classified as hypotensive or
hypertensive when more than 70% of readings fell into the respective category, consistent with the
definition provided above. Sixty-seven patients maintained a heart rate in the optimal range. Of the 22
patients who had episodes of bradycardia, 9 developed postoperative arrhythmia. However, only 4 of the 11
patients in the tachycardia group developed arrhythmia. A statistically significant association was found
between bradycardia and the occurrence of arrhythmia, but not between tachycardia and arrhythmia.

Of the 57 patients who were categorized as hypertensive, 11 belonged to the POA+ group. However, 4 of the
11 patients in the hypotensive group had arrhythmia. No statistically significant association was found
between either hypotension or hypertension and the occurrence of arrhythmia, or between postoperative
arrhythmia and serum electrolyte levels. For the 12 patients with postoperative arrhythmia who had VAS
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scores exceeding 3, an infusion of 1 mcg/kg/hr fentanyl was started as third-line analgesia. However, no
association was found between arrhythmia and VAS scores.

A univariate analysis was performed to evaluate the relationship between independent variables and the
occurrence of arrhythmia. The univariate model revealed that age, diabetes mellitus, and intraoperative
bradycardia were significantly associated with the occurrence of arrhythmia. On multivariate logistic
regression analysis, diabetes mellitus (OR 3.31; 95% CI 0.97-11.27), intraoperative bradycardia (OR 4.76; 95%
CI 1.06-21.27), and intraoperative tachycardia (OR 8.89; 95% CI 1.09-72.27) were associated with
postoperative arrhythmia. Age was not independently associated with postoperative arrhythmia after
adjustment.

Discussion

Postoperative arrhythmia after coronary artery bypass surgery is a frequent sequela, and AF is the most
common form, with an incidence of 30% [8]. AF usually occurs on the second or third postoperative day and
leads to hemodynamic instability, thus increasing the risk of embolic stroke, escalating costs, and increasing
mortality [9]. Preoperative factors such as increased age, reduced ventricular function, left atrial
enlargement, diabetes mellitus, and obesity predispose patients to postoperative AF [10]. Additionally,
intraoperative hemodynamic disturbances causing myocardial insults, electrolyte imbalance, and increased
sympathetic tone contribute to the pathogenesis of postoperative arrhythmia [11].

The role of dexmedetomidine in preventing the new onset of postoperative AF is multifactorial. First,
dexmedetomidine contributes to stabilizing myocardial properties by reducing ischemia-reperfusion injury
[12]. Second, it has been shown to exhibit anti-inflammatory effects in many clinical trials and, thus, limits
the occurrence of arrhythmia due to altered atrial physiology secondary to inflammation [13]. Lastly, it
reduces catecholamine-induced triggering of AF and accentuates vagomimetic activity, thereby leading to
increased repolarization and a longer refractory period [14,15] and, in turn, preventing AF. We continued
dexmedetomidine infusion as well as beta blockers perioperatively to obtain an accurate picture of
postoperative arrhythmia. All patients received dexmedetomidine infusion at a dose of 0.2-0.5 mcg/kg/hour
after induction in all myocardial revascularization surgeries, as part of the institutional standard of care.

We found the incidence of postoperative arrhythmia to be 23%, with AF occurring in 17% of cases and VPC
in 6% of cases. These findings are comparable to those of a randomized clinical trial by Ling et al., who
reported an incidence of AF of 18% in the group receiving dexmedetomidine [16]. However, these
researchers reported a much lower incidence of ventricular arrhythmia (0.9%). The type of arrhythmia and
its incidence in various studies are shown in Tables 3, 4 [5,12,17-23].

T f p . Soltani et Azimaraghi Narisawa Renetal. Turan et Karaman et Herretal. Shehabiet Liuetal
e o resen
o ) al.[17] (n= etal.[18] (n etal.[5](n [12](n= al[19](n= al.[20](n= [21](n= al.[22] (n=  [23] (n=
Arrhythmia Study
38) =38) =16) 81) 765) 31) 148) 152) 44)
17 (17 6(13.6
AF %) 3 (7.8 %) 1(2%) 1(6.3 %) 1(1.23%) 163 % 2 (6.4 %) 12 (8 %) 31(20.4 %) %)
J J
10 (12.34
VPC 6(6%) 8(21.0%) - - - - - - -
%)
APC 0 6 (15.7 %) - - - - - - - -
1(1.23
VT 0 1(2.6 %) 0 - - - 0 2 (1.3%) -
%)
VF 0 2(5.2%) - - - - - - 1(0.7 %) -

Brady
arrhythmias

TABLE 3: Type of arrhythmia and its incidence in various studies

AF, atrial fibrillation; VPC, ventricular premature complexes; APC, atrial premature complexes; VT, ventricular tachycardia; VF, ventricular fibrillation.
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Study
Present study
Soltani etal.[17] (n = 38)

Azimaraghi et al. [18] (n =
38)

Narisawa et al. [5] (n = 16)

Renetal.[12] (n = 81)
Turan et al. [19] (n = 765)

Karaman et al. [20] (n = 31)
Herr et al. [21] (n = 148)

Shehabi et al. [22] (n = 152)

Liu et al. [23] (n = 44)

Age R M A Incid f
Number of Patients e e Male Female neidence o
(Years) (Years) AF
100 30-80 60.23 + 9.66 88 (88%) 12 (12 %) 17 (17 %)
13 25 (65.78
76 30-85 60.3+7.1 ( 3 (7.8 %)
(34.21%) %)
100 40-70 55.32 + 8.99 38 (76%) 12 (24 %) 1(2 %)
45 60-85 71.3+6.2 12 (75%) 4 (25 %) 1(6.3 %)
162 <75 60 + 4 31% 69 % 1(1.23 %)
765 (duration: 5
(duration >18 58 +15 70% 30 % 16.3 %
years)
64 40-75 62.5+6.8 26 (83.8%) 5(16.2%) 2(6.4%)
295 - 61.9+95 137 (93%) 11 (7 %) 12 (8 %)
306 260 71.5 (66-76) 114 (75%) 38 (25 %) 31(20.4 %)
90 >18 53 (46-63) 21 23 (52 %) 6 (13.6 %)
(47.72%) ° s

TABLE 4: Comparison of age, gender and incidence of arrhythmia in various studies

AF, atrial fibrillation.

Shehabi et al. reported the incidence of postoperative AF to be 20.4% in the dexmedetomidine group, which
is higher than the incidence that we observed. This discrepancy may be attributable to a larger sample size
(152 compared with 100 in our study) and a higher mean age (71.5 years compared with 60.2 years in our

study) [22].

Contrary to our findings, Liu et al. [23] and Azimaraghi et al. [18] found the incidence of postoperative AF to
be 13.6% and 2%, respectively, significantly lower than the incidence observed in our study. The discrepancy
between our study and these previous studies may be attributable to the smaller sample size in our study (44
compared with 100 and 50 compared with 100, respectively), younger patients (mean age of 53 years
compared with 60.26 years, and 55.3 years compared with 60.23 years), and higher doses of
dexmedetomidine (0.2-1.5 mcg/kg/hour compared with 0.2-0.5 mcg/kg/hour). In our study, the univariate
logistic model showed that age, diabetes mellitus, and intraoperative bradycardia were significantly
associated with the occurrence of arrhythmia.

In contemporary advanced health services and preventive medicine, the mean age of patients who present
with coronary artery disease is higher than in the past. However, contemporary patients tend to be sicker,
with a high incidence of comorbidities, and are therefore at increased risk of morbidity and mortality [24].
Thus, in a review of 915 adult patients in sinus rhythm who underwent valve surgery, the odds ratio for
developing postoperative AF was 1.51 per decade [25]. Obesity, diabetes mellitus, and AF are interlinked.
Left atrial enlargement, ventricular remodeling, elevated plasma volume, autonomic tone, ventricular
diastolic dysfunction, and increased neurohormonal activation can cause electrical dysfunction and, thus,
predispose to postoperative atrial fibrillation [26].

We found, using a univariate logistic model, that diabetes mellitus was an independent risk factor for the
development of postoperative AF. Perrier et al. also found diabetes mellitus to be an independent risk factor
for the development of postoperative AF [27]. However, contrary to our findings, these researchers also
found a BMI of 35 kg/m? or higher to be a predictor of AF. This discrepancy between our study and theirs
may be attributable to the relatively small number of patients with a high BMI in our study.

We measured hemodynamics for each patient from induction through 24 hours in the ICU. Patients were
assigned to either the bradycardia group or the tachycardia group depending on which group accounted for
more than 70% of the readings. Persistent bradycardia may be a manifestation of an underlying conduction
system abnormality or may be iatrogenic, being associated with medications used to treat AF or heart failure
[28]. Symptomatic bradycardia can progress to AF and may require placement of a permanent pacemaker.
The incidence of bradycardia was higher in our study (22%) compared with the dexmedetomidine arms of
studies such as Karaman et al. [20] and Herr et al. [21]. In the current study, the univariate logistic model
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revealed that bradycardia had a statistically significant association with postoperative AF.

Atrial tachycardia can occur as a result of hypoxia, ischemic heart disease, pulmonary disease, use of
caffeine, cocaine, chocolate, or alcohol, metabolic disturbances, digoxin toxicity, or heightened sympathetic
tone. All types of paroxysmal supraventricular tachycardia can trigger AF, a condition commonly known as
“tachycardia-induced tachycardia.” After the onset of atrial tachycardia, sudden dilation of the atria can
occur, altering membrane potential and leading to AF [29]. Rotter et al. reported that coronary sinus
tachycardia led to AF [30].

In our study, multivariate logistic regression showed the association of bradycardia, tachycardia, and
diabetes mellitus with the occurrence of postoperative arrhythmia. Age was not found to be associated with
AF in the multivariate model because of the close range of ages of patients in both groups. The strength of
our study is the prospective observational design, which ensured the accuracy of the collected data. Since all
surgeries were isolated OPCAB performed by a single surgeon, the duration and tissue handling were similar
across cases.

The present study identified diabetes mellitus, intraoperative bradycardia, and intraoperative tachycardia as
factors associated with postoperative arrhythmia. However, due to the observational design, these
associations should not be interpreted as causal relationships. The wide confidence intervals observed in the
regression analysis likely reflect the limited number of outcome events and possible model instability.

Limitations

This study has several limitations. First, the sample size was small, with a limited number of outcome
events, which may have resulted in model overfitting and wide confidence intervals. Second, this was a
single-center study, which may limit generalizability. Third, all patients received dexmedetomidine, which
may act as a confounding factor. Fourth, echocardiographic parameters and inflammatory markers were not
included. Fifth, the study evaluated only early postoperative arrhythmias and did not assess long-term
outcomes.

Conclusions

In this prospective observational study of patients undergoing isolated off-pump CABG, diabetes mellitus
and intraoperative hemodynamic variations were associated with postoperative arrhythmias. These findings
represent associations rather than causal or predictive relationships and should be interpreted cautiously.
Larger multicenter studies are required to validate these findings.
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