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Background: An association between heart rate variability (HRV) and cardiac events in certain diseases has been demonstrated. 
However, the association with new-onset atrial fibrillation (AF) after coronary artery bypass grafting (CABG) is still controversial. This 
study aimed to investigate the association between HRV and new-onset AF in patients undergoing CABG during a 6-month follow-up.
Methods: This prospective study included 119 consecutive patients who underwent off-pump CABG. All patients were assessed 
using 24-hour Holter recordings 2 days before CABG and 1 week, 3 months, and 6 months postoperatively. HRV was analyzed, and 
AF was detected from its recordings.
Main results: In patients undergoing CABG, NYHA III increased the AF rate 7 days postoperatively, and advanced age and diabetes 
were associated with AF 6 months postoperatively. A reduction in time-domain measurements before surgery was significantly 
associated with a higher risk of developing AF seven days postoperatively; no association between preoperative HRV and AF was 
found at six months. Reduced preoperative HRV (SDNN (standard deviation of all normal-to-normal intervals [) < 50 ms) was an 
independent predictor of AF at 3 (AUC = 0.65) and 6 months (AUC = 0.62) following surgery.
Conclusion: A reduction in the time domain measurements before CABG was associated with a higher risk of new-onset AF at 7 
days postoperatively but not at 6 months. An SDNN <50 ms was a weak independent predictor of a higher incidence of AF at 3 and 6 
months post-surgery.
Keywords: heart rate variability, coronary artery bypass graft, atrial fibrillation, standard deviation of all normal-to-normal intervals

Introduction
Stenting is the mainstay therapy for coronary artery disease. But when this therapy is not feasible, coronary artery bypass grafting 
(CABG) is the main choice. However, several cardiac events, including cardiac arrhythmias, are still recorded after surgery.1 

CABG is associated with increased autonomic instability of the heart, and the autonomic nervous system may play an important 
role as a trigger and risk marker for developing atrial fibrillation (AF) after surgery.2 The occurrence of postoperative AF has been 
associated with hospitalization,3 longer length of stay, short-term mortality (one-year mortality),4 and long-term mortality (four- 
year mortality).5 Cerebral stroke occurs in approximately 10% of postoperative AF patients.4 Early identification of patients who 
are likely to develop postoperative AF may allow targeted prophylaxis. Heart rate variability (HRV) analysis is widely used to 
assess the cardiovascular autonomic activity.6

There are several predictors of AF following CABG surgery. Several parameters have been suggested to predict the 
incidence of atrial fibrillation.7 HRV parameters are very important tools for a healthy lifestyle and are a good indicator 
of a healthy cardiovascular system.8

The relationship between HRV and AF after coronary artery bypass surgery has been investigated with divergent results.9–11 

Some authors have found an association between new-onset AF and both preoperative12,13 and postoperative HRV. Other studies 
have found no association between AF and HRV.14 Therefore, there are no specific recommendations regarding the clinical use or 
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implications of HRV in patients undergoing CABG. In most previous studies, new-onset AF and HRV were evaluated only 
during hospitalization, which was significantly affected by the factors of acute surgery, and may explain the controversy 
regarding the association between AF and HRV. This study aimed to determine the association between (preoperative and 
postoperative) HRV and the occurrence of AF after off-pump CABG 7 days, 3 months, and 6 months postoperatively. To the best 
of our knowledge, this is the first study to assess this association 3 times after CABG during a 6-month follow-up period.

Patients and Methods
Between June 2016 and August 2018, we selected consecutive patients who underwent isolated off-pump CABG with 
cardiopulmonary bypass at Hanoi Heart Hospital, one of Vietnam’s largest heart operation centers. This prospective 
descriptive study was approved by the ethics committee of our hospital. Patients were advised of the study protocol and 
written informed consent was obtained from all patients. All the patients had previously been granted permission to use 
their medical records for research purposes.

The inclusion criteria were stable coronary artery disease patients indicated for CABG, according to the ESC of 
Cardiology guidelines 2013, with a stable sinus rhythm.

The exclusion criteria were patients had AF history of AF before CABG, acute coronary syndrome, acute heart 
failure, or other acute diseases; medical conditions where HRV could not be evaluated, such as preoperative atrial 
fibrillation, frequent ventricular ectopic activity, sinus node syndrome, or second- or third-degree atrioventricular block; 
cardiac pacing; concomitant cardiac surgery–implanted artificial valves; severe postoperative complications, such as 
infection or bleeding requiring reoperation; patients needing inotropes after 3 days postoperatively; and significant 
artifacts or duration of Holter ECG recordings of less than 18 hours. Patients requiring vasopressor agents over the first 3 
days were excluded from this study.

Holter recordings were made using 3-channel SEER LIGHTS Digital Holter recorders for healthcare purposes. An 
MSC 8800 Holter monitoring system with Medical System International (MSI) software version 5.02 was used. Twenty- 
four-hour Holter recordings were performed four times. The first recording was made two days before CABG, and three 
other recordings were made at one week, three months, and six months postoperatively. HRV was analyzed using the 
Holter monitoring system and was then manually overread. The Holter ECG was reviewed by a single cardiologist, all 
artifacts were cleaned, and the beats were modified as needed. AF was defined as at least 6 minutes duration of an 
irregular pattern of QRS waves from the recordings. The corrected data were processed and HRV was computed in 
recordings with less than 4 h of AF. Most HRV variables were calculated as recommended by the Task Force of the 
European Society of Cardiology and the North American Society of Pacing and Electrophysiology.15

For time-domain analysis, ASDNN (the mean of the standard deviations of all normal-to-normal intervals for 5 
minutes of recording), SDNN (standard deviation of all normal-to-normal intervals), SDANN (the mean of the standard 
deviations of all normal-to-normal intervals for 5 minutes of recording), rMSSD (root mean square of successive RR 
interval differences), and pNN50 (number of times that successive RR intervals differed by 50% from the index RR 
interval) were calculated. Frequency domain analysis covered VLF (magnitude of the HRV in the VLF range, 0.0033 to 
0.04 Hz), LF (magnitude of the HRV in the LF range, 0.04 to 0.15 Hz), and HF (magnitude of the HRV in the HR range, 
0.15 to 0.04 Hz), with LF/HF: low to high-frequency ratio apart from the 24-hour Holter ECG.

Perioperative Management
None of the patients had undergone preoperative amiodarone treatment. Most patients were extubated on the day of 
surgery and oral medication was initiated on postoperative day 1. Patients requiring vasopressor agents over the first 3 
days were excluded from this study. We are carefully following up with the patients who are prescribed drugs that affect 
HRV (such as calcium channel blockers, beta-blockers, and antiarrhythmic drugs). If drugs affecting HRV were 
prescribed preoperative and postoperative in patients, these patients will selected in this study. If drugs affecting HRV 
were prescribed preoperative only, we excluded them from this study to prevent bias. Blood tests were performed daily 
for seven days postoperatively to ensure that all electrolyte disorders were corrected. The blood potassium levels were 
adjusted using oral potassium to obtain a target blood potassium level of 4.0 to 5.0 mEq/L.
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Statistical Analysis
The results are expressed as the mean ± standard deviation. Pearson’s 2 test was used to analyze the differences between 
certain observed proportions and categorical data, and Fisher’s exact test was used if the variable was < 5. For continuous 
variables, the normality of the distribution of the variables was checked using the Kolmogorov–Smirnov test. Unpaired 
t-tests for normally distributed variables; Mann–Whitney U-test for skewed variables. Variables that were statistically 
significant in univariate comparisons were entered into the multivariate Cox model. In the Cox Proportional Hazard 
Model, RR and 95% confidence intervals (CI) for the association between reduced HRV and postoperative new-onset AF 
were examined. The significance of reduced HRV measurement in explaining postoperative AF was evaluated by ROC 
(receiver operating characteristic (ROC) curves with determination of the areas under the curves. A statistic of 0.5 
represents poor predictive ability; a value of 0.60 indicates good predictive ability; a value of 0,8–0,9 shows very good 
prediction and perfect ability; a value of 1.0. All analyses were performed using the SPSS statistical package, 
version 11.0.

Results
In total, 119 patients were recruited for this study. Seven days after surgery, with 2 cases of death, the number of patients 
was 117. After 2 months, one death occurred; the number of patients was 116 at 3 and 6 months postoperatively 
(Figure 1: Flowchart of study). The total number of patients with completed follow-up was 116 (Table 1). The AF rates 
during the follow-up period were 13.7%, 13.8%, and 17.2%, respectively (Figure 2).

The clinical and operative characteristics of the patients with and without postoperative AF are presented in Table 1. 
Univariate analysis showed that heart failure NYHA class ≥3 was associated with a higher incidence of AF 7 days 
postoperatively. No variable was found to be associated with AF occurrence 3 months post-surgery. The AF rate 

Stable coronary artery disease patients indicated for CABG, according to the ESC 

of Cardiology guidelines 2013, with a stable sinus rhythm.

Patients with the inclusion criteria and no exclusion criteria: (n=119)

Post-operative 7 days: (n=119)

Post-operative 3 months: n =116 (3 deaths)

Characteristics of heart rate variability 

(HRV) pre-operative, post-operative 

7 days, 3 months, and 6 months

An association between heart rate variability 

(HRV) and cardiac events in certain diseases 

has been demonstrated during a 6-month 

follow-up

Post-operative 6 months: n =116

Figure 1 Flowchart of study.
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Table 1 Univariate Variables Comparisons Between Patients with and without Postoperative AF During Follow-Up

Timing 
Variables

Postoperative AF at 7 Days p-value Postoperative AF at 3 Months p-value Postoperative AF at 6 Months p-value

Yes (n=16) No (n=101) Yes (n=16) No (n=100) Yes (n=20) No (n=96)

Age 65.94 ± 10.45 64.62 ± 6.77 > 0.05 67.50 ± 8.53 64.27 ± 7.04 > 0.05 68.35 ± 7.10 63.96 ± 7.15 <0.05*

BMI 23.41 ± 3.23 22.94 ± 2.83 >0.05 23.63 ± 3.21 22.90 ± 2.84 > 0.05 23.49 ± 2.68 22.90 ± 2.93 >0.05

eGFR 67.88 ± 22.40 63.30 ± 18.82 > 0.05 64.19 ± 28.40 64.34 ± 17.11 > 0.05 57.85 ± 16.53 65.67 ± 19.16 >0.05

Sex Male 13 (13.4) 84 (86.6) >0.05 13 (13.4) 84 (86.6) > 0.05 18 (18.6) 79 (81.4) > 0.05

Female 3 (15.0) 17 (85.0) 3 (15.8) 16 (84.2) 2 (10.5) 17 (89.5)

Diabetes Yes 3 (7.7) 36 (92.3) >0.05 4 (10.5) 34 (89.5) > 0.05 2 (5.3) 36 (94.7) <0.05*

No 13 (16.7) 65 (83.3) 12 (15.4) 66 (84.6) 18 (23.1) 60 (76.9)

Smoking Yes 8 (14.8) 46 (85.2) >0.05 7 (13.0) 47 (87) > 0.05 7 (13.0) 47 (87.0) > 0.05

No 8 (12.7) 55 (87.3) 9 (14.5) 53 (85.5) 13 (21.0) 49 (79.0)

Hypertension Yes 14 (14) 87 (86.1) > 0.05 14 (14.0) 86 (86) >0.05 19 (19.0) 81 (81.0) >0.05

No 2 (12.5) 14 (87.5) 2 (12.5) 14 (87.5) 1 (6.2) 15 (93.8)

PAD Yes 3 (21.4) 11 (78.6) > 0.05 2 (14.3) 12 (85.7) >0.05 3 (21.4) 11 (78.6) >0.05

No 13 (12.6) 90 (87.4) 14 (13.7) 88 (86.3) 17 (16.7) 85 (83.3)

Previous MI Yes 0 (0.0) 10 (100) >0.05 1 (10.0) 9 (90) > 0.05 2 (20.0) 8 (80.0) > 0.05

No 16 (15.0) 91 (85.0) 15 (14.2) 91 (85.8) 18 (17.0) 88 (83.0)

NYHA (≥ 3) Yes 3 (42.9) 4 (57.1) <0.05* 3 (42.9) 4 (57.1) >0.05 1 (14.3) 6 (85.7) >0.05

No 12 (11.0) 97 (89.0) 13 (11.9) 96 (88.1) 19 (17.4) 90 (82.6)

Chronic kidney failure ≥stage 4 Yes 6 (10.7) 50 (89.3) > 0.05 9 (16.4) 46 (83.6) >0.05 12 (21.8) 43 (78.2) > 0.05

No 10 (16.4) 51 (83.6) 7 (11.5) 54 (88.5) 8 (13.1) 53 (86.9)

Euro score ≥ 3% Yes 2 (28.6) 5(71.4) >0.05 4 (57.1) 3 (42.9) >0.05 3 (42.9) 4 (57.1) >0.05

No 14 (12.7) 96 (87.3) 12 (11.0) 97 (89.0) 17 (15.6) 92 (84.4)

Preoperative EF 66.75 ± 8.31 63.38 ± 12.05 >0.05 65.56 ± 10.56 63.6 ± 11.88 > 0.05 65.2 ± 9.53 63.59 ± 12.11 >0.05

CPB duration (min) 93.15 ± 29.55 94.05 ± 26.25 >0.05 95.25 ± 29.05 94.0 ± 26.15 >0.05 94.25 ± 27.35 94.05 ± 26.5 >0.05

Aortic clamp time (min) 72.05 ± 24.50 74.05 ± 23.45 > 0.05 73.05 ± 25.50 74.05 ± 23.95 >0.05 73.05 ± 24.10 74.05 ± 23.15 >0.05

Notes: *(The bold values): Statistically significant difference. Entries are means±SD or numbers of patients. P -values are nominal. 
Abbreviations: AF, atrial fibrillation; BMI, body mass index; GFR, Glomerular Filtration Rate; PAD, Peripheral artery disease; MI, Myocardial infarction; CPB, Cardiopulmonary bypass.
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increased with advanced age and decreased in the presence of diabetes six months postoperatively. Because the results of 
the univariate analysis showed that only 1–2 variables were associated with AF, multivariate analysis was not used.

As shown in Table 2, most preoperative HRV time-domain measurements (rMSSD, pNN50, and SDNN) were 
associated with new-onset AF 7 days postoperatively. Three months after surgery, only the preoperative SDANN was 
lower in the AF group. At six months, no difference in preoperative HRV was observed between the AF and non-AF 
groups.

The cut-off for each measurement of the reduced HRV time domain was defined as recommended.15 However, in 
general cardiology, reduced HRV is determined when the SDNN is ≤93 ms.16 In this study, the two cutoffs used for 
SDNN with reduced HRV were 50 ms and 93 ms, respectively (Tables 3 and 4). Seven days after surgery, the most 
reduced pre-operative HRV in the time domain was related to new-onset AF. Three months post-surgery, ASDNN <30 
ms, rMSSD <15 ms, and SDNN <50 ms were related to increased AF. Six months post-surgery, ASDNN <30 ms and 
SDNN <50 ms increased the incidence of AF. In multivariate analysis, SDNN <50 ms was the only independent predictor 
of postoperative AF at 3 and 6 months post-surgery (Table 5).

HRV frequency and time-domain measurements at 7 days after surgery were not related to AF occurrence at 3 and 6 
months after surgery. HRV at 3 months postoperatively was also not related to AF rate at 6 months (Table 5).

In multi-analysis, only SDNN <50 ms was shown to increase AF at 3 and 6 months post-surgery, with an AUC of 
0.65 and 0.62, (Figure 3)

Discussion
The main findings of this study focused on the HRV before and post-surgery AF. These results provide new insights into 
Vietnam’s population. In most previous studies, new-onset AF was assessed from the time of cardiac surgery to hospital 
discharge or until postoperative day 103,13 and was detected by continuous ECG telemetry monitoring. The new-onset 
AF rate after CABG has been variable, ranging from 16.1% to 47.7%.17–19 The incidence of paroxysmal AF has 
increased from the day of surgery to a peak on postoperative day 2 and has declined steadily thereafter.3,13 Atrium injury 
caused by cutting and cautery, cardioplegia, atrial stretch, postoperative metabolic changes, and inflammation are all 
contributing factors to early postoperative AF, usually manifesting on the 2nd or 3rd postoperative day.3 The divergence 
in the new-onset AF rate can be explained by the postoperative timing, duration of AF recording, CABG protocol, and 
pre-existing features.3 In contrast to previous studies, in which the rate of new-onset AF was recorded only during 
cardiac rehabilitation, the AF rate in this study was evaluated using 24-hour Holter monitoring at 7 days, 3 months, and 6 
months after surgery. No significant difference was observed in the AF rate recorded 3 times postoperatively. The AF rate 
was probably steadier after 7 days post-surgery when some main acute factors were resolved.

0

13.7%
13.8%

17.2%

0

2

4

6

8

10

12

14

16

18

20

Prior to CABG 7 days 3 months 6 months

p > 0.05

Figure 2 New onset AF rate during the follow-up.
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Table 2 Results of Preoperative HRV Analysis in Patients with and without Postoperative AF During the Follow-Up

Timing  

Preoperative HRV

Postoperative AF at 7 Days p-value Postoperative AF at 3 Months p-value Postoperative AF at 6 Months p-value

Yes (n=16) No (n=101) Yes (n=16) No (n=100) Yes (n=20) No (n=96)

ASDNN (ms) 38.44 ± 25.24 46.27 ± 18.97 >0.05 40.44 ± 30.12 46.27 ± 17.79 >0.05 41.75 ± 25.80 46.24 ± 18.47 >0.05

Rmssd (ms2) 19.63 ± 8.14 28.02 ± 12.30 <0.05* 24.25 ± 12.35 27.47 ± 12.04 >0.05 23.30 ± 11.43 27.80 ± 12.13 >0.05

pNN 50 (%) 3.23 ± 3.30 7.48 ± 7.57 <0.05* 5.88 ± 6.55 7.13 ± 7.40 >0.05 4.58 ± 5.44 7. ± 7.53 >0.05

SDNN (ms) 85.94 ± 40.95 104.50 ± 32.06 <0.05* 85.13 ± 45.23 105.23 ± 30.66 >0.05 91.50 ± 42.81 104.74 ± 31.05 >0.05

SDANN (ms) 74.00 ± 34.02 90.69 ± 31.02 >0.05 73.31 ± 36.57 91.29 ± 30.28 <0.05* 81.25 ± 39.12 90.38 ± 29.88 >0.05

VLF (ms2) 23.37 ± 19.32 25.74 ± 10.76 >0.05 23.26 ± 21.63 25.93 ± 9.96 >0.05 23.92 ± 18.23 25.90 ± 10.55 >0.05

LF (ms2) 15.43 ± 19.53 16.55 ± 10.94 >0.05 15.19 ± 19.77 16.73 ± 10.83 >0.05 16.24 ± 17.48 16.58 ± 11.10 >0.05

HF (ms2) 9.42 ± 8.74 11.75 ± 6.95 >0.05 10.62 ± 9.15 11.65 ± 6.89 >0.05 10.49 ± 8.40 11.72 ± 6.96 >0.05

LF/HF 1.45 ± 0.55 1.44 ± 0.37 >0.05 1.30 ± 0.51 1.47 ± 0.37 >0.05 1.48 ± 0.53 1.44 ± 0.36 >0.05

Notes: *(The bold values): Statistically significant difference. Entries are means±SD. P -values are nominal. Student’s unequal variance unpaired t-tests were used.
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Table 3 Results of Reduced Pre-Operative HRV Analysis in Patients with and without Postoperative AF During the Follow-Up

Time  

Reduced  
Pre-Operative HRV

Postoperative AF at 
7 Days

p-value (CI 95%) Postoperative AF at 
3 Months

p-value (CI 95%) Postoperative AF at 
6 Months

p-value (CI 95%)

AF (+)  
(n =16)

AF (-)  
(n= 101)

AF (+)  
(n=16)

AF (-)  
(n=100)

AF (+)  
(n= 20)

AF (-) 
(n=96)

ASDNN (n.%) < 30 ms 5 (22.70) 17 (77.30) > 0.05 (0.69–7.29) 8 (38.10) 13 (61.90) <0.05* (2.14–20.92) 7 (33.30) 14 (66.70) < 0.05* (1.0–9.28)

≥ 30 ms 11 (11.60) 84 (88.40) 8 (8.40) 87 (91.60) 13 (13.70) 82 (86.30)

rMSSD (n.%) < 15 ms 7 (41.20) 10 (58.80) <0.05* (2.16–23.12) 5 (31.20) 11 (68.80) <0.05* (1.07–12.56) 4 (25.00) 12 (75.00) >0.05 (0.50–6.11)

≥ 15 ms 9 (9.00) 91 (91.00) 11 (11.00) 89 (89.00) 16 (16.00) 84 (84.00)

pNN 50 (n.%) < 0.75% 7 (28.00) 18 (72.00) <0.05* (1.18–10.89) 5 (20.80) 19 (79.20) > 0.05(0.60–6.23) 6 (25.00) 18 (75.00) >0.05 (0.62–5.49)

≥ 0.75% 9 (9.80) 83 (90.2) 11 (12.00) 81 (88.00) 14 (15.20) 78 (84.80)

SDNN (n.%) < 50 ms 4 (44.40) 5 (55.60) <0.05* (1.50–27.15) 6 (75.00) 2 (25.00) < 0.01* (5.22–16.4) 4 (50.00) 4 (50.00) < 0.05* (1.30–25.36)

≥ 50 ms 12 (11.1) 96 (88.9) 10 (9.30) 98 (90.70) 16 (14.80) 92 (85.20)

SDNN (n.%) ≥ 93 ms 11 (20.8) 42 (79.2) <0.05* (1.0–9.56) 10 (19.2) 42 (80.8) >0.05 (0.77–6.82) 12 (23.1) 40 (76.9) >0.05 (0.78–5.60)

< 93 ms 5 (7.8) 59 (92.2) 6 (9.4) 58 (90.6) 8 (12.5) 56 (87.5)

SDANN (n.%) < 40 ms 3 (60.00) 2 (40.00) <0.05* (1.74–74.88) 2 (40.00) 3 (60.00) >0.05 (0.70–30.11) 2 (40.00) 3 (60.00) >0.05 (0.53–2210)

≥ 40 ms 13 (11.60) 99 (88.40) 14 (12.60) 97 (87.40) 18 (16.20) 93 (83.80)

Notes: *(The bold values): Statistically significant difference. Entries are numbers of patients. P -values are nominal. The cut-off for each index of reduced HRV time domain as recommended. 
Abbreviation: CI, the confidence of interval.
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Agreement regarding the variables associated with new-onset AF after CABG has not yet been reached. In the 
multivariate model, the statistically significant variables were age, diabetes mellitus, supraventricular non-sustained 
tachycardia, preoperative statin use, and operative duration.13 Akintoye et al identified only two independent factors 
(increased age and BMI) as predictors of postoperative AF using multivariate analysis.3 Different variables associated 
with AF may be explained by the effects of acute surgery due to the mechanism.20 Therefore, it may be more consistent 
to assess the association between variables and AF at least 7 days postoperatively when the patient is much less affected 
by surgery. Table 1 shows that at 7 days postoperatively, only heart failure with an NYHA class ≥3 was associated with 
a higher incidence of AF. Six months after surgery, in agreement with previous studies, advanced age and diabetes were 
associated with AF. Structural changes in the heart increase with age, including loss of nodal fibers, ventricular fibrosis, 
and decreased ventricular compliance, which establish an anatomic substrate susceptible to the development of AF.21,22 

In agreement with the results of this study, other studies have demonstrated a lower incidence of postoperative AF in 
patients undergoing CABG.23,24 There should be a scoring system in order to precisely detect patients with potential 
AF.25 Artificial intelligence systems are being used in routine clinical practice which can easily detect AF patients.26

The major finding of our study was that a reduction in the time-domain measurements of 24-hour HRV was 
associated with a higher risk of postoperative AF 7 days after surgery, but no association was found at 6 months. 
Some investigators have reported controversy on the relationship between preoperative HRV and AF after CABG.9–11 

Frost et al studied preoperative 24-hour Holter monitoring in 102 patients with non-diabetic CABG. They concluded that 
an isolated reduction in basic vagal modulation (calculated as the percentage of successive normal-to-normal interval 
differences greater than 6%, positively correlated with rMSSD) was significantly associated with a higher risk of 

Table 5 Results of HRV Analysis at 7 Days’ Post-Surgery in Patients with and without Postoperative AF During the Follow-Up

Timing  

HRV at 7 Days  
Postoperatively

AF at 3 Months p AF at 6 Months p

Yes (n=12) No (n=97) Yes (n=16) No (n=93)

ASDNN (ms) 29.75 ± 19.32 35.34 ± 21.49 > 0.05 35.56 ± 23.48 34.58 ± 20.97 > 0.05

rMSSD (ms2) 19.92 ± 7.93 22.40 ± 13.37 > 0.05 24.56 ± 15.92 21.71 ± 12.34 > 0.05

pNN 50 (%) 3.08 ± 3.49 5.16 ± 9.25 > 0.05 7.07 ± 10.06 4.56 ± 8.60 > 0.05

SDNN (ms) 66.17 ± 38.97 78.48 ± 34.27 > 0.05 80.75 ± 39.22 76.51 ± 34.22 > 0.05

SDANN (ms) 58.08 ± 35.49 65.42 ± 28.63 >0.05 68.81 ± 33.84 63.89 ± 28.67 >0.05

VLF (ms2) 15.66 ± 12.17 18.81 ± 11.80 > 0.05 17.69 ± 13.29 18.60 ± 11.63 > 0.05

LF (ms2) 10.45 ± 9.11 13.37 ± 12.25 >0.05 11.82 ± 10.84 13.26 ± 12.17 >0.05

HF (ms2) 7.06 ± 3.69 8.98 ± 6.43 > 0.05 9.14 ± 8.24 8.71 ± 5.84 > 0.05

LF/HF 1.40 ± 0.86 1.50 ± 0.60 >0.05 1.41 ± 0.74 1.50 ± 0.61 >0.05

Notes: Entries are means ± SD. P -values are nominal. Student’s unequal variance unpaired t-tests was used.

Table 4 Hazard Ratios for Association Between Variables and Postoperative Atrial Fibrillation

Timing  
Reduced  
HRV

RR p-value (CI 95%) RR p-value (CI 95%) RR p-value (CI 95%)

At 7 Days At 3 Months At 6 Months

SDNN ≤ 50 ms 3.502 >0.05 (0.708–17.322) 30.882 < 0.001 * (4.503–211.777) 5.404 <0.05 * (1.078–27.087)

rMSSD ≤ 15 ms 3.444 >0.05 (0.987–12.015) 0.906 > 0.05 (0.170–4.835) 1.138 > 0.05 (0.304–4.259)

Notes: *(The bold values): Statistically significant difference. Multivariate was used to find the predictor of postoperative AF. 
Abbreviation: CI, confidence of interval.
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postoperative AF.11 However, Kinoshita et al found that reduced time-domain factors in preoperative 24-hour HRV were 
independently associated with a lower risk of AF after off-pump CABG.13 This may be because patients with diabetes, 
who are likely to have a lower AF rate, were excluded by Frost et al but accounted for 55% of Kinoshita’s sample.13 In 
contrast, Chamchad et al concluded that preoperative 24-hour HRV (SDNN and RMSSD) did not significantly predict 
postoperative AF in CABG patients.9 It may be due to measurements of vagal activity, such as rMSSD and SDANN, 
being of particular interest for brief intervals of 5 minutes or less. Separating the values based on day and night would be 
an effective and simple method for assessing the vagotonia level in patients. To measure the autonomic nervous system’s 
baseline state more precisely, deceleration capacity is preferred.25,26 Controversy has also existed on the association 
between frequency domain and AF; Ksela et al identified frequency measures as predictive of postoperative AF in 
patients undergoing CABG.27 Other authors have stated that in patients undergoing CABG, the LF/HF ratio predicts 
postoperative AF,28,29 whereas Hakala et al showed that none of the preoperative spectral analysis measures differed 
significantly between the AF and non-AF groups10 and that diabetic autonomic neuropathy may affect HRV dynamics.30 

Hakala’s study included 17 patients with diabetes; however, excluding these patients from the analysis did not 
significantly affect the results.10

Hogue et al performed HRV analysis before AF onset in patients after CABG. They observed either lower or higher 
measures of HRV before AF and hypothesized that either a higher vagal tone or dysfunctional autonomic heart rate 
control is present before AF onset.31 They hypothesized that changes in autonomic tone occurred within minutes to 
an hour before AF onset; these changes cannot be recognized when analyzing HRV a day before surgery.10

In most studies, only the difference in mean HRV between groups with and without AF was assessed, and the 
correlation between reduced HRV and new-onset AF was not evaluated, which may have led to inconsistent results. 
Kinoshita used the median as a cutoff point to define preoperative reduced HRV; SDNN <99 ms or rMSSD <20 ms was 
independently associated with a lower risk of AF.13

According to the recommendations, SDNN >100 ms was considered normal HRV, and SDNN <50 ms reduced HRV.16 

Milicevic et al conducted a study of more than 2500 patients and concluded that in the “general cardiologic population”, 
SDNN >93 ms indicated borderline normal HRV, whereas SDNN values of 59–92 ms indicated mildly to moderately 
decreased HRV.16 Lakusic et al32 used this cut-off point to define reduced HRV (SDNN <93 ms); 36% of patients with 
SDNN <93 ms following CABG were found to have higher mortality, but no data on AF were reported. In the present 

Figure 3 ROC curves for predicting atrial fibrillation at 3 months (A) and 6 months (B) postoperatively. ROC: Receiver operator characteristic. The significance of reduced 
HRV measurement in explaining postoperative AF was evaluated by ROC (receiver operating characteristic (ROC) curves with determination of the areas under the curves. 
A statistic of 0.5 represents poor predictive ability; a values of 0.60 indicate good predictive ability; a value of 0.8–0,9 shows and very good prediction and perfect ability; 
a value of 1.0. 
Abbreviations: AUC, area under curve; CI, confidence interval.
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study, reduced HRV was defined as recommended with SDNN <50 ms or rMSSD <15 ms considered reduced HRV.16 

Another cutoff for SDNN (<93 ms) was used, as stated by Milicevic. Table 3, with Univariate analysis, showed that most 
indices of reduced preoperative HRV (sMSSD and SDNN) increased the AF rate 7 days and 3 months post-surgery. In 
multi-analysis, only SDNN <50 ms was shown to increase AF at 3 and 6 months post-surgery, with an AUC of 0.65 and 
0.62. No previous study has shown an association between preoperative reduced HRV and postoperative AF in patients 
undergoing CABG during a 6-month follow-up period.

According to some reports, unlike decreased HRV in patients after myocardial infarction, decreased postoperative 
HRV does not increase mortality in CABG patients.14,33 However, several investigators have reported an association 
between HRV and AF following CABG. Dimmer et al analyzed HRV in 4 sequential 15-minute intervals preceding the 
onset of AF in 64 patients undergoing elective CABG and showed that patients with AF had higher postoperative SDNN 
than those without postoperative AF in the first 45 min.34 Bettoni and Zimmermann also concluded that paroxysmal AF 
is preceded by increased adrenergic drive, followed by vagal predominance (time-domain and spectral analyses).35 No 
previous studies have reported an association between postoperative HRV and subsequent AF development during 
follow-up. In addition to comorbidities, HRV fluctuations after CABG might be related to the combined effects of 
surgical manipulation of the heart, prolonged anesthesia, cardioplegia, and extracorporeal circulation.36 In this study, 
postoperative HRV was evaluated at 7 days and 3 months to overcome the acute effects of surgery on AF; however, no 
association was found with AF development.

Limitations
The major findings of this study were weak, modest, and significant. A larger sample size was required to perform 
logistic regression or Cox regression modeling.

Conclusion
A reduction in the time domain measurements before CABG increased the risk of AF seven days postoperatively. An 
SDNN <50 ms was a weak independent predictor of a higher incidence of AF at 3 and 6 months post-surgery.
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