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Abstract

Introduction

Postoperative myocardial revascularization atrial fibrillation (POAF) is a clinical complication

that affects about 30% of patients and its mechanisms of origin are still poorly understood.

This fact makes it difficult to identify the patient at greatest risk for this arrhythmia. This mis-

sion seems evident due to the complications it entails, including longer hospital stays, risk of

stroke, heart failure, and death. There are reports of preoperative clinical aspects inherent

to the patient’s condition, such as gender and age, and discontinuation of beta-blockers as

risk factors. In addition, additional information obtained by electrocardiogram, echocardio-

gram, and blood count data, for example, present only modest predictive results. The analy-

sis of heart rate and heart rate variability obtained by the Stroke Risk Analysis System

(SRA) is a technique used to predict ambulatory atrial fibrillation (AF), using recordings of

only one hour showing good accuracy. This system, however, has not yet been used to pre-

dict the emergence of POAF. The rationale for its use is based on the suspicion that the

emergence of POAF is strongly related to sympatho-vagal imbalance and the increase in

atrial ectopia, that is, changes in heart rhythm, the main variables analyzed by the SRA

algorithm.

Objective

To assess the accuracy of the SRA to identify patients at risk of having POAF after coronary

artery bypass graft surgery (CABG).

Method

114 consecutive patients with coronary artery disease underwent coronary artery bypass

grafting between the years 2015 and 2018. Between the first and fifth postoperative days,

they underwent continuous electrocardiographic monitoring using the Holter system for car-

diac rhythm analysis. Patients were divided into two groups: Group I was formed of those
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with POAF and Group II included patients without POAF. The tracings obtained by Holter

were reanalyzed using the CardioManager®/Cardios program, converted and divided into

one-hour sections using the SRA®/Cardios and Geratherm Converter program and submit-

ted to the SRA-Apoplex medical/Geratherm® analysis algorithm. The SRA identifies three

possibilities for classifying patient risk: a) Risk 0: patient in sinus rhythm; b) Risk 1: patient at

increased risk for paroxysmal AF; c) Risk 2: patient with AF already present. For Group I,

SRA were considered positive when Risks 1 and 2 were identified. For Group II, those iden-

tified as Risk 0 were considered negative SRA.

Results

POAF occurred in 33/114 patients (28%). The sensitivity, specificity, positive predictive

value, and negative predictive value of the SRA to identify patients with POAF were 69%,

84%, 69%, and 82%, respectively; the positive and negative likelihood ratios, in addition to

the accuracy of the SRA were, respectively, 4.3%, 0.36%, and 79%. A subanalysis of the

results of the day on which AF occurred was performed on the records obtained in the first

three hours of recording and up to three hours before the appearance of POAF. In the first

period, the SRA was able to predict POAF in 57% of cases, while in the second period, the

system identified the arrhythmia in 83% of cases.

Conclusions

a) The SRA presents good accuracy to predict POAF; b) its accuracy is moderate in the first

three hours of recording; c) the accuracy increases significantly near the beginning of

POAF; d) these findings indicate that electrophysiological changes that precede POAF are

acute, occurring a few hours before the event and are identified by the SRA algorithm.

Introduction

Postoperative atrial fibrillation (POAF) after cardiac surgery is a complication that occurs in

25 to 40% of patients after coronary artery bypass graft surgery (CABG) [1] and in more than

60% of patients undergoing combined procedures [2]. It usually manifests within the first five

days and has the highest incidence between the second and third days. It can occur both in the

paroxysmal form and with longer episodes, without spontaneous reversion. POAF usually

does not last very long, as sinus rhythm is spontaneously restored in 90% of cases within 8

weeks [1,2].

In general, the main risk factors related to its appearance are history of atrial fibrillation

(AF), patient age, mitral stenosis, heart failure, anemia, metabolic changes, and tissue inflam-

mation. Regarding the surgical procedure, the type of cardioplegia, cardiopulmonary bypass

time, hypoxia, postoperative pericarditis, and sympathetic hyperactivity complete the list [3–

5].

POAF is associated with worsening hemodynamic status and increased perioperative and

intraoperative morbidity and mortality, such as thromboembolic events (stroke) and conges-

tive heart failure [4]. Stroke is more likely in patients with higher CHA2DS2VASc scores. In

addition to the aforementioned risks, there is also an increase in the length of hospital stay

and, consequently, an increase in hospital costs [6,7]. In the late postoperative period, patients
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with POAF have a higher risk of death from all causes and, in this condition, this may be a

marker of cardiovascular risk for future events [6]. For these reasons, efforts should be made

regarding the early identification of patients at higher risk.

Information related to patients such as gender and age, discontinuation of beta-blockers, in

addition to electrocardiogram, echocardiogram, and even blood count data (neutrophil/lym-

phocyte ratio, for example) have been used to identify patients in the preoperative period. risk

for POAF, but with only modest results.

Stroke Risk Analysis (SRA) is an electrocardiographic monitoring system that allows the

identification of risk of AF in outpatients. The system is equipped with specific software that

analyzes different components of the heart rate, its regularity, as well as the presence of atrial

ectopia. Clinical studies have demonstrated the high accuracy of this system for identifying

patients at risk of outpatient AF [8–10]. The role of the SRA in the identification of patients at

risk for POAF has not yet been evaluated in our country.

The aim of this study was to determine the accuracy of the SRA for identifying the risk of

POAF in patients undergoing coronary artery bypass graft (CABG) surgery.

Methodology

The research project was approved by the Research Ethics Committee of Instituto Dante Paz-

zanese de Cardiologia (IDPC), in session of May 21, 2018, under opinion 2,664,947. The con-

sent term adopted from the participants was written and the patients who agreed to participate

in the research had to sign it.This was a prospective longitudinal observational analytical

study, in which the outcome was the occurrence of POAF up to the fifth postoperative day

after CABG.

The medical records of patients over 18 years of age, with coronary artery disease undergo-

ing isolated CABG at Instituto Dante Pazzanese de Cardiologia (IDPC), between 2015 and

2018 were included. Patients undergoing combined surgeries were excluded, as were patients

with the presence of atrial flutter or AF in the immediate postoperative period, those with a

previous history of AF or paroxysmal atrial flutter, and patients with cardiac pacemakers.

Study protocol

In the preoperative period, clinical data, in addition to electrocardiogram (ECG) and echocar-

diogram data, were evaluated and analyzed. Postoperatively, the patients underwent continu-

ous electrocardiographic monitoring from the first to the fifth postoperative day using Holter

monitoring (CardioSeven1/Cardios). The recordings were analyzed using the CardioMana-

ger1/Cardios program, converted and divided into one-hour segments using the SRA1/Car-

dios and Geratherm Converter program, and submitted to the SRA-Apoplex medical/

Geratherm1 analysis algorithm. Holter recording was not started in the immediate postoper-

ative period due to greater clinical instability at this stage and, consequently, greater risk of

removing the device for procedures and surgical re-approach, among others.

Stroke Risk Analysis (SRA) system

The SRA has an algorithm that analyzes the influences of the autonomic nervous system

(ANS) on the heart, using linear and non-linear parameters of heart rate variability (HRV) in

the time domain to differentiate between sinus rhythm, paroxysmal AF, and persistent AF.

The main component of this system is the Poincaré plot, for which analysis can be done quali-

tatively (visually) and quantitatively. The qualitative form described by Tulppo et al. [11], as

illustrated in Fig 1, is performed by analyzing the plot classified according to the image formed

by the dispersion of points [12].
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In addition to visual analysis, the SRA uses an electrocardiographic analysis algorithm to assess

the risk of developing AF. To obtain the Poincaré plot, the fluctuations and dynamics of the RR

intervals are evaluated. Instead of plotting an RR interval against its previous one, the differences

between two consecutive RR intervals are plotted and normalized by the formula: [8]

{RI−(RI + 1)/RI + (RI + 1)}

The other component is part of the SRA decision matrix, still based on the HRV. In this

case, statistical methods (mean and standard deviation) are used for temporal variations in

milliseconds or by percentage of variations of consecutive cycles. Therefore, through mathe-

matical parameters, it is possible to establish the risk of AF and maximize the discriminatory

accuracy between three groups, as shown in Fig 2 (adapted from Duning et al., 2011) [8].

The linear and non-linear parameters evaluated are based on the variability of heart rate in

the time domain.

Parameters 2,4,5 and 6 are considered linear parameters. Parameters 1,3 and 7 are nonlin-

ear parameters.

SRA assessment in the detection of POAF

Patients were divided into two groups: Group I was formed of those with POAF with a mini-

mum duration of 30 seconds and Group II included patients without POAF.

In patients who had POAF, recordings of up to 24 hours prior to the onset of POAF were

selected. These recordings were divided into one-hour segments and submitted to the SRA-A-

poplex medical/Geratherm1 analysis algorithm. For patients in Group II, that is, those with-

out AF documented by 24-hour Holter, tracings from the second postoperative day were

selected, a criterion chosen because it was the day with the highest incidence of POAF in

Group I. If positive, the SRA result that presented Risk 1 or 2, in each period of one hour, is

shown in Fig 1. When Risk 0 was identified, the patient had no documented AF. In patients in

Group II, a Risk 1 or 2 record was considered a false positive result.

In Group I patients, the first three hours of recording and the three hours before POAF

were evaluated. In turn, in the control group, the first three and the last three times of record-

ing obtained in the tracings of the second postoperative day were evaluated.

Fig 1. Poincaré plots based on RR intervals on Holter tracings. On the abscissa are the values of the preceding RR intervals and on the ordinate are the

current RR intervals. The shape of the distribution of points on the graph visually defines the three conditions in which the patient may be. In A, clustered

points or on a stick or golf club indicate that the patient is in sinus rhythm; in B, scattered points along the rod indicate a patient at risk of atrial fibrillation; in

C, the full dispersion of points indicated that the patient is in atrial fibrillation (see discussion in text).

https://doi.org/10.1371/journal.pone.0282565.g001
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Figs 3 and 4 illustrate, in the first line, the hours before the event, identified as POAF (in

red at the end of the line), while the second line indicates the positive result of SRA [+] indicat-

ing the highest probability of risk of POAF; SRA [–] indicates that the system did not detect, at

that time, the risk criteria for POAF. C1 corresponds to the evaluation of the first three hours

of recording and C2 the three hours that preceded POAF. Fig 5 depicts what happened to a

patient in the control group (distribution similar to the previous figures). Note that, at most

time points, the SRA did not identify criteria to classify the presence of POAF ([–]), while at

some time points, the classification indicated Risk 1 for POAF (false positive result).

Statistical analysis

To calculate the sample size, a statistical power of 90% and a significance of 5% was considered.

Based on previous studies, whose accuracy of the SRA was to identify paroxysmal AF in outpa-

tients or in stroke units, a sensitivity and specificity of 80% was considered. The prevalence of

FAPO was considered to be 30%, the same found in the analysis of the database that gave rise

to the present study.

Taking into account the data described, the initial sample size was 94 individuals. However,

a loss of approximately 10% was estimated and, for this reason, it was decided to increase the

minimum sample size to 104 individuals.

Fig 2. Components of the algorithm for electrocardiographic analysis used by the SRA.

https://doi.org/10.1371/journal.pone.0282565.g002

Fig 3. Example of a patient with POAF at 9 pm on the first postoperative day. Again, the predominance of positive results

that characterize the patient at risk for POAF.

https://doi.org/10.1371/journal.pone.0282565.g003
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Quantitative variables are presented as mean and standard deviation and qualitative vari-

ables as absolute frequency and percentage. To analyze whether there were differences between

groups in quantitative variables, the Student t-test or the Mann-Whitney test was used,

depending on the assumption of normality, when the intention was to measure the discrimina-

tive power of the quantitative variables. For qualitative variables, Fisher’s exact or the chi-

squared test was used. Values of P<0.05 were considered significant.

The accuracy of SRA was calculated based on 2x2 contingency tables. The following vari-

ables were determined: sensitivity, specificity, positive predictive value, and negative predictive

value, as well as positive and negative likelihood ratios.

Results

Characteristic of the study population

A total of 123 patients undergoing CABG between 2015 and 2018 were included. Of these, 9

patients were excluded after reviewing the medical records due to combined surgery, evidence

of paroxysmal AF and acute AF in the intraoperative or immediate postoperative period or in

the first 6 hours after the beginning of Holter monitoring, thus totaling 114 patients who were

part of this sample. In Group I, 21 patients received intravenous amiodarone for reversal of

POAF and 11 patients had spontaneous reversal. No patient required electrical cardioversion

Table 1 lists the characteristics of the population studied in Groups I and II. There was a pre-

dominance of FAPO in males (74.3%) with a mean age of 61+/-8 years (ranging from 43 to 84

years). The population’s mean CHA2DS2VASc score was 4.2, with 4.31 for Group I and 4.16

for Group II (P = NS). Age was higher in Group I (65.1 years) versus Group II (59.7 years)

(p<0.001). Beta-blocker withdrawal was more frequent in patients in Group I when compared

to patients in Group II (p = 0.02). No significant differences were found between Group I and

Group II with regard to cardiovascular risk factors, echocardiographic variables, and variables

related to the surgical procedure.

Occurrence of FAPO

POFA occurred in 32 patients (28%) with the highest incidence documented on the second

postoperative day. There was no predominance in the time for POAF’s manifestation.

Fig 4. Example of a patient in the group II whose tracings were obtained on the second postoperative day. This patient has a

greater number of negative results and only three positive results (false positives).

https://doi.org/10.1371/journal.pone.0282565.g004

Fig 5. Example of a patient with POAF at 16:00 on the second postoperative day. Note that in this patient there is a predominance of positive

results, characterizing a patient at risk for POAF.

https://doi.org/10.1371/journal.pone.0282565.g005
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Relationship between the autonomic nervous system POAF

When analyzing the HRV components of the first hour of holter recording and the last hour

immediately before POAF, a significant increase in the high frequency (HF) component was

noted, a fact not observed in the low frequency (LF) component. Consequently, there was a

drop in the LF/HF ratio.

Assessment of the SRA in the detection of FAPO

Holter tracings selected from the 32 patients in Group I totaled 660 one-hour stretches, while

in Group II, they totaled 1,288 stretches. The SRA identified 458 stretches as a risk of AF in

Group I (positive result) and in Group II it ruled out this possibility in 1,082 stretches (negative

result). Sensitivity (Sens), specificity (Esp), positive predictive value (VP+), negative predictive

value (VP-), accuracy (Ac), positive likelihood ratio (RV+), and negative likelihood ratio (RV-

), were respectively 69%, 84%, 69%, 82%, 79%, 4, 3, and 0.36, as shown in Table 2.

SRA assessment in FAPO prediction

When the first three hours of recording for all patients were analyzed, the number of positive

results was 57% in Group I patients versus 22% in Group II (P< 0.001). When analyzing the

Table 1. Characteristics of the studied population.

Group I

(n = 32)

Group II

(n = 82)

p-value

Age (years, sd) 65.1(6.2) 59.7(8) <0.001

Male (n, %) 28(87.5) 78(95.1) 0.05

Arterial hypertension (n, %) 30(93.7) 71(86.5) 0.18

Diabetes (n, %) 16(50) 38(46.3) 0.83

Smoking (n, %) 6(18.7) 27(32.9) 0.28

Previous stroke (n, %) 3(50) 3(50) 0.35

Beta blocker use (n, %) 30(93.7) 60(73) 0.02

CHA2DS2VASC (n, sd)) 4.31(0.78) 4.16(0.89) 0.37

BMI kg/m2 (n, sd) 27.3(4) 28(4.6) 0.3

Ejection fraction (%, sd) 51.7(10.5) 54.4(12.2) 0.06

Left atrium diameter (mm, sd) 41.1(5.3) 39.9(4.7) 0.22

Left ventricle diameter (mm, sd) 54.09(5.7) 53.1(7.1) 0.17

Aortic root diameter (mm, sd) 35.6(3.6) 34.1(4.7) 0.06

Perfusion time (min, dp) 80.72(25.3) 74.3(23.1) 0.51

Anoxia time (min, dp) 51.7(13.2) 48.7(15.9) 0.58

SD: Standard deviation, n: Number, BMI: Body mass index, mm: Millimeter, min: Minutes.

https://doi.org/10.1371/journal.pone.0282565.t001

Table 2. Detection of FAPO risk in Groups I and II by the SRA. The numbers correspond to the total of positive

and negative stretches in each group.

Exam Group I Group II Total

SRA (+) 458 206 664

SRA (-) 202 1082 1284

Total 660 1288 1948

Sens Esp VP+ VP- Accuracy RV+ RV-

69.3% 84% 68.9% 84.2% 79% 4,3 0,36

https://doi.org/10.1371/journal.pone.0282565.t002
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three hours that preceded POAF in Group I and compared with the last three hours of patients

in Group II, the number of positive results was 83% and 11%, respectively (P = 0.000)

(Table 3).

There was a 26% increase in positive SRA results in Group I when the first three hours of

recording were compared with the three hours before POAF (P = 0.003). Group II, on the

other hand, showed no significant change in the results of positive SRA when comparing the

results in the first three hours of recording with the last three on the second postoperative day.

When analyzing the SRA results in the first three hours of recording, FAPO occurred in

56% of patients who had two or more positive results. Of those in whom the first three hours

had one or no positive RAS result, only 15.4% had POAF. The results in this scenario show a

sensitivity of 61.3% and specificity of 81.4%, PV+ 56%, and PV- of 84% of the RAS to predict

POAF (Table 4).

When analyzing the SRA results of patients who had two or more positive results in the

three hours before POAF, AF occurred in 65% of patients in group I. Those who had one or

no positive SRA results in this period, only 7% had POAF. The results in this scenario show an

SRA sensitivity of 84%, specificity of 83%, PV+ of 65%, and PV- of 93% (Table 5).

There was loss of electrocardiographic signals in two patients, which explains the smaller

number of patients compared to the initial sample. In neither Group I or Group II was Risk 2

documented, i.e. AF present.

Discussion

This study demonstrates that the SRA accurately identifies POAF, as demonstrated for the

identification of AF in outpatients. The sensitivity, specificity, positive predictive value, and

negative predictive value were, respectively, 69%, 84%, 69%, and 82%. Furthermore, it was

demonstrated that the degree of accuracy was higher (89%) within the three-hour period pre-

ceding the onset of POAF, thus indicating that this arrhythmia has its own peculiarities, differ-

ent from AF in outpatients, particularly due to the greater intensification of autonomic activity

near the onset of the arrhythmia.

Several studies have evaluated the role of the SRA in the identification of patients with par-

oxysmal AF in outpatient settings or in ischemic stroke units [13–15]. However, this is the first

study that has evaluated the SRA as a predictor of POAF after CABG. AF is the most common

Table 3. SRA (+) analysis of the first three hours of recording and the three hours before POAF in all patients.

Group I Group II p
First three hours of recording 57% 22% <0,001

Three hours before POAF 83% 11% ,000

Difference 26% 11%

p 0,003 0,13

https://doi.org/10.1371/journal.pone.0282565.t003

Table 4. Total number patients with two or more positive SRA results (Risk 1) in Groups I and II in the initial

three hours of recording.

Exam Group I Group II Total

SRA (� 2+) 19 15 34

SRA (< 2+) 12 66 78

Total 31 81 112

Sens Esp VP+ VP- Accuracy

61.3% 81.4% 55.8% 84.6% 75.9%

https://doi.org/10.1371/journal.pone.0282565.t004
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arrhythmia after cardiac surgery and its prevention is a major challenge today, aiming to

reduce the risk of complications and the length of hospital stay.

Role of the SRA in the identification and prediction of FAPO

The use of the recording system for only one hour showed good accuracy for the prediction of

AF in outpatients. It is not certain whether the same would apply to the assessment of POAF

due to the different characteristics of the clinical behavior of this arrhythmia and the risk fac-

tors for it being triggered. In outpatients, the factors that generate and maintain AF are present

for a longer time, in already remodeled atria, with electrical circuits already established,

depending only on factors that destabilize the arrhythmogenic substrate for its emergence. In

this study, however, in addition to the patients not having documented AF before surgery, left

atrial remodeling was not present since its diameter was normal in both groups. This is an

important difference from ambulatory AF.

Influences of the autonomic nervous system and the prediction of POAF by

the SRA

The SRA assesses the characteristics of sinus rhythm in terms of regularity, linear variability of

heart rate in the time domain through mean and standard deviation indices, and the analysis

of the qualitative and quantitative form of Poincaré graphs, in addition to the presence of atrial

ectopia. Therefore, it is able to predict the possibility of AF depending on the characteristics of

these risk variables. The influence of the sympathetic and parasympathetic systems as well as

intrinsic atrial neural activity is determined by this analysis technique.

Recent studies have evaluated interference of the autonomic nervous system as a predictor

of POFA. Park et al. [16] evaluated a possible autonomic imbalance as a predictor of POAF

through heart rate turbulence. This technique evaluates short-term fluctuations in the sinus

rate after a ventricular extrasystole, using two indices: onset of turbulence (TO or turbulence

onset) and slope of turbulence (TS or turbulence slope). Changes in these indices are indepen-

dent predictors for POAF, in addition to being associated with worse long-term outcomes,

such as the recurrence of AF and stroke. This technique, however, implies that the patient has

ventricular ectopia with sufficient density to apply its algorithm.

Despite the controversial autonomic influence determined by the analysis of classical heart

rate variability, in the time and frequency domains at the origin of FAPO, in contrast to what

happens with the analysis of heart rate turbulence, some authors have demonstrated that the

competitive coactivation of the sympathetic and parasympathetic systems could be responsible

for the emergence of this arrhythmia, rendering it impossible to determine the predominant

role of one or the other in the origin of the arrhythmia [17].

Xiong et al. [18] demonstrated, when following up patients undergoing CABG, that the

electrophysiological changes that preceded AF occurred approximately one hour before the

Table 5. Total number of patients with two or more positive SRA results (Risk 1) in Groups I and II in the three

hours preceding POAF (Group I) or three hours of recording on the second postoperative day (Group II).

Exam Group I Group II Total

SRA (� 2+) 26 14 40

SRA (< 2+) 5 67 72

Total 31 81 112

Sens Esp VP+ VP- Accuracy

83.8% 82.7% 65% 93% 83%

https://doi.org/10.1371/journal.pone.0282565.t005
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event. Such alterations were characterized by an increase in the density of atrial ectopia, facili-

tated by an increase in sympathetic tone and, consequently, in heart rate. These variables are

captured by the SRA. These findings were demonstrated in this study, when it was observed

that the accuracy of the system was higher a few hours before the appearance of POAF. This

indicates that the destabilizing factors of atrial electrical activity become more intense close to

the onset of AF, supporting the theory that the emergence of POAF occurs due to an increase

in the punctual instability of atrial electrical activity at some point in the day, unlike AF of

other etiologies in which alterations would be present for a longer time. These findings are also

evident when it was demonstrated that the positive results of the SRA in Group I were much

lower in the first three hours of recording (far from the documented POAF) in relation to the

last three hours before the arrhythmia (increase of 26%; p< 0.003). When the first three hours

of recording were evaluated, considering two positive results as a predictor of POAF, the fol-

lowing changes were observed in comparison with the three hours that preceded the arrhyth-

mia: sensitivity increased from 61.3% to 83.8%; specificity from 81% to 83%; positive

predictive value from 56% to 65%; negative predictive value from 85% to 93%.

The results of this study corroborate the observations of autonomic imbalance that precedes

POAF, and support the information that beta-blockers are useful drugs for its prevention

[19,20].

Study limitations

These results and the contribution of this study to the production of knowledge must be con-

sidered within some context limitations. The first limitation is that these results apply only to

patients undergoing CABG. Second, the SRA was not used in the immediate postoperative

period and this may have caused a loss of FAPO records. The non-use on that day was due to

possible intercurrences during this period that could compromise the recordings, forcing the

removal of the Holter recorder, making analysis by the SRA unfeasible. The other limitation is

due to the interference in the baseline in the Holter tracings which, although not always pre-

venting their analysis, can alter the SRA results, invalidating their analysis and interpretation.

However, this did not happen in this study.

Conclusions

The SRA has modest accuracy for predicting POAF when analyzed in a period that precedes

its appearance by more than 3 hours; however, its accuracy is high within the three hours that

precede the arrhythmic event, suggesting that the instability of atrial electrical activity is an

acute event mediated by the autonomic nervous system.
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