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ABBREVIATIONS

Abbreviation

Expansion

AF Atrial fibrillation
CABG coronary artery bypass grafting
CHA:2DS:VASc Congestive Heart failure, hypertension, Age Vascular disease, Age
6574, and Sex (female) >75 (doubled), Diabetes, Stroke (doubled),
Vascular disease, Age 65-74, Sex (Female)
CPB cardiopulmonary bypass
CPG Clinical practice guideline
fQRS Fragmented QRS
hs-CRP high sensitivity C-reactive protein
IABP Intra-aortic balloon pump counterpulsation
LAVI Left atrial volume indexed to body surface area
LOE Level of evidence
poAF Postoperative atrial fibrillation
PLAX Parasternal long-axis view on TTE
NAC N-acetyl cysteine
NLR Neutrophil-lymphocyte ratio
OPCABG Off-pump CABG
OR odds ratio
OSA obstructive sleep apnoea
POD Postoperative day (usually followed by the number) e.g., POD 4
RCA Right coronary artery
95% ClI 95% confidence interval
TTE Transthoracic echocardiography
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A STUDY OF INCIDENCE AND RISK FACTORS FOR NEW ONSET
POSTOPERATIVE ATRIAL FIBRILLATION AMONG ADULT PATIENTS
UNDERGOING ELECTIVE CORONARY ARTERY BYPASS GRAFTING SURGERY

Abstract

Background: Atrial fibrillation is a common complication after cardiac surgery. The incidence
varies between 20 to 60%and it varies between different populations. The various factors
associated with its incidence after isolated coronary artery bypass grafting surgery,
prophylactic measures, and guidelines for management are available. However, with advances
in anaesthetic and surgical techniques, the incidence continues to remain the same. Most
studies were retrospective in nature. We performed this study to determine the incidence of
atrial fibrillation after isolated coronary artery bypass grafting surgery, to determine the various
risk factors associated and its effect on various postoperative patient-related outcomes.
Material & Methods: Study design & setting: Prospective observation study from January to
November 2019 at a tertiary care university level teaching hospital. No interventions were
planned. Study population: Adults undergoing elective isolated CABG without any other
additional procedure. Data of 30 preoperative, intraoperative, and postoperative risk factors
along with 5 outcome measures. Another 10 parameters related to each episode of atrial
fibrillation were collected. Statistical analysis was performed using R version 3.6.3.

Results: A total of 465 patients were included in the final analysis. The incidence of
postoperative atrial fibrillation after isolated coronary artery bypass grafting was 15.6%. The
first episode occurred after a median duration of 42 hours of ICU admission, most commonly
on the second postoperative day, commonly during ICU stay, without needing reintubation and
successfully treated with a bolus followed by infusion of Amiodarone. Recurrence after first
successful therapy was noted in  37% of the patients which was successfully treated with
Amiodarone infusion. Oral Amiodarone at hospital discharge was needed for 94.4% of the
patients who developed atrial fibrillation postoperatively. Advanced age, Diabetes, NYHA
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class, lower eGFR, higher CHA2DS2-VASc score, LA size by 2D TTE, RCA occlusion >
90%, prolonged aortic cross-clamp time and delayed reintroduction of beta-blocker therapy in
the postoperative period were associated with postoperative atrial fibrillation. The optimum
cut-off of CHA2DS2-VASc score for prediction of postoperative atrial fibrillation after
coronary artery bypass grafting surgery was 3 (AUC ROC 0.67). Patients who developed
postoperative atrial fibrillation had prolonged ICU and hospital stay, higher peak postoperative
serum creatinine levels, and need for tracheostomy.

Conclusion. After isolated coronary artery bypass grafting, 15.6% of the patients developed
Atrial fibrillation occurs in. Various factors associated with poAF were determined along with
its effect on postoperative outcomes. A cut-off score of 3 using CHA2DS2-VASc score was
found optimal for predicting postoperative atrial fibrillation. Development of postoperative
atrial fibrillation was associated with prolonged ICU and hospital stay, higher peak
postoperative serum creatinine levels and need for tracheostomy during the postoperative

period.
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Introduction

Atrial fibrillation is the most common complication after cardiac surgery that accounts
for high rates of morbidity and mortality (1). Postoperative atrial fibrillation (poAF) is defined
by the Society of Thoracic Surgeons database as new-onset atrial fibrillation / atrial flutter
requiring treatment(2). The incidence of atrial fibrillation is still common with studies reporting
an incidence between 20% and 40% following coronary artery bypass grafting procedures
(CABG) (3)(4)(5)(6). The incidence of poAF is higher following valvular or combined valvular
procedures with CABG (3). Postoperative atrial arrhythmias increase the length of hospital stay
and readmissions after ‘fast track’ cardiac surgery (1)(7). Various risk factors have been studied
and scoring systems have been proposed for predicting postoperative atrial fibrillation
(8)(9)(10)(11).

The incidence of poAF varies depending on the type of surgery (CABG or valve
surgery), patient ethnicity, and underlying patient comorbidities(12). A large number of studies
and reviews have been conducted to estimate the incidence of new-onset atrial fibrillation and
associated risk factors among patients undergoing coronary artery bypass grafting. A large
multicentric study involving more than 5000 patients was reported in 2004 (8). Most studies,
after this landmark study involving patients after cardiac surgery, have evaluated single
predictive factor, after adjusting other risk factors by multiple regression analysis
(13)(14)(15)(16)(17)(18)(19)(20)(21). Prospective studies incorporating these factors are
limited(22). Besides, there is evolving evidence in favor of certain pharmacologic interventions
like a short course of perioperative Ranolazine, short-acting beta-blocker like Landiolol, N-
acetyl cysteine (NAC) or vitamin C supplementation(19)(23). The role of renal dysfunction as
an additive to the CHA2DS>-VASc score for prediction of poAF has been reported(15).
Besides, indications for coronary revascularization by CABG, surgical techniques and

anesthetic techniques have evolved. A recent meta-analysis that analyzed the long-term
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survival of patients with poAF after CABG has found a significantly higher risk of short-term
and long-term mortality when compared to those who do not develop poAF after CABG(24).
Hence, there is a need for active surveillance and treatment for poAF after CABG.

Various advances in cardiac surgical techniques and evidence-based guidelines have
not been able to accomplish a reduction in the incidence of atrial fibrillation after CABG
(5)(25). Despite differences in defining poAF after isolated CABG(2), the overall risk-adjusted
incidence is 33.1%. The first episode of poAF usually occurs during the first 2 — 6 days after
surgery(1). These episodes of poAF are likely to last over 12 hours and commonly complicate
the course of hospital stay after surgery, thereby increasing morbidity, mortality, and hospital
costs(24).

Various scoring systems and predictive models have been proposed for poAF risk
stratification. POAF score(26), Atrial fibrillation risk score(27) and CHA2DS2-VASc
Score(28) have been validated externally and have been found to have the limited predictive
ability(29). Renal dysfunction, along with diastolic dysfunction has been identified as a
significant risk factor for poAF after cardiac surgery(15). These predictive scores provide the
necessary perception to anticipate complications and stratify patients as per risk for poAF.

In addition to beta-blockers and amiodarone, various other pharmacological agents like
statins, ranolazine, N-acetyl cysteine, colchicine, vitamin C, and steroids have been proposed
as monotherapy as well as in combinations for prophylaxis against poAF (30). However, the
evidence is not strong enough in favour of agents other than beta-blockers and amiodarone to
recommend routine use during cardiac surgery(23). Perioperative prophylaxis with beta-
blockers and amiodarone as monotherapy and in combination has been evaluated extensively
and found to be effective. Beta-blockers and amiodarone were similar to each other in the

prevention of poAF(31).
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Atrial pacing, active clearance of chest drainage catheters(32), and posterior
pericardiotomy(33)(34) have been studied and found to be effective for the prevention of poAF.

Management of poAF after cardiac surgery aims to maintain hemodynamic stability
with control of symptoms, prevent thromboembolism, and recurrence(35). It pivots around
cardioversion for hemodynamic instability, pharmacologic conversion to sinus rhythm when
stable, and control of ventricular rate when necessary. In addition, the optimization of
oxygenation, electrolyte levels, and fluid balance form the background for effective therapy
and prevention of recurrence(35). These principles are supported by evidence-based
guidelines(36)(37). The incidence of poAF can be significantly reduced by the implementation
of simplified clinical practice guidelines as a quality improvement measure(38).

Notwithstanding the existing knowledge, an effective regimen for the prevention of
poAF remains inconsistent(23). The presence of poAF after cardiac surgery, usually self-
limiting, is not considered benign and is associated with the eventful postoperative course and
long-term morbidity. These variations have been attributed to individual patient factors. Hence,
there is a need to evolve tailor-made approaches and simplified clinical practices depending on

the patient population in consideration.
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Review of Literature

Atrial fibrillation (AF) is a type of supraventricular arrhythmia characterised by

uncoordinated atrial contraction leading to reduced atrial mechanical function (39). AF can

be

classified into paroxysmal, persistent, permanent and long-standing types(40)(41)(42). Fast AF

is characterised by ventricular response rate more than 100 per minute(39). Postoperative atrial

fibrillation is one of the most common complications encountered after adult cardiac surgery.

The year-wise number of PubMed indexed publications corresponding with search query

“postoperative atrial fibrillation after cardiac surgery” are depicted in figure 1. The number
PubMed indexed metanalyses in the last few years are shown in Figure 2.

Meta-analysis related to poAF

of

Pubmed Search query: postoperative atrial fibrillation after cardiac surgery

of publications

Number

Figure 1. Pubmed search results for “postoperative atrial fibrillation after cardiac surgery”.
(Total studies: 3553; Data as on 01 June 2020)
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A large number of meta-analyses have been reported to understand the risk factors, newer
medications, surgical techniques, preventive strategies and treatment modalities for poAF. The
prominent meta-analyses include evaluation of CHA2DS2VASc score for prediction of poAF
(10), effect of Ranolazine on prevention of poAF (43), Preop betablockers and new onset AF
after cardiac surgery(44), comparison of Amiodarone with betablocker for prevention of poAF
(31), effect of polyunsaturated fatty acids on incidence of poAF(45), effect of poAF on long-
term mortality (24)(46), association between Vitamin C supplementation and poAF(47), effect
of Magnesium supplementation on poAF(48), and Neutrophil Lymphocyte ratio (NLR ratio)

for prediction of poAF (49),

Definition of postoperative atrial fibrillation.

Postoperative atrial fibrillation (poAF) has been defined by the Society of Thoracic
surgeons (STS) database as any episode of atrial fibrillation/flutter requiring treatment(50).
Similarly, Heart Rhythm Society defines it as ‘‘any arrhythmia that has the ECG characteristics

of Atrial Fibrillation and lasts sufficiently long for a 12-lead ECG to be recorded, or at least 30

Pubmed search query: Postoperative atrial fibrillation after cardiac
surgery; Filter: Metaanalysis

2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 1999

surgery”. (Total number of Metaanalysis done: 150; Data as on 01 June 2020)
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seconds on a rhythm strip”(51). The definition of Atrial fibrillation requiring treatment, as
defined by STS database, underestimates the true incidence of atrial fibrillation and is likely to
miss patients who might be at increased risk of 30-day mortality(2). Filardo G et al proposed
another definition where the STS database definition requiring ‘atrial fibrillation requiring
treatment’ as a precondition has been challenged. This definition includes any atrial fibrillation
detected via continuous monitoring and documented by physician in a chart(2). The
underestimation due to STS database definition may lead to increased early mortality among
patients who would otherwise be classified as ‘no AF’ group. It is not known whether this
increased risk of mortality due to atrial fibrillation not requiring treatment in the postoperative
period is associated with adverse outcomes in long-term follow-up. The patients who were
likely to be missed can be grouped into either self-terminating poAF, poAF with controlled

rate or patients with contraindications to poAF treatment.

Epidemiology of poAF

Incidence of atrial fibrillation after cardiac surgery reported in published literature
varies between 20% and 60%. This variation is reported to be due to the variety of cardiac
surgeries included, history of pre-existing atrial fibrillation, ethnicity(9) and the definition used
to identify atrial fibrillation in various studies(23)(52). In an analysis of Swedish population
registry(53) consisting of 9,495 patients over a period between year 1994 and 2004, the
postoperative atrial fibrillation occurring after CABG was lower (22.9%) than that occurring
after valve surgery (39.8%) or after combined procedures (45.2%). The incidence of new onset
atrial fibrillation after CABG after was 29.5% in a multicentric study from year 2002 to 2011
involving 11.239 patients from five centres by analysis of STS database (52). The incidence
was found to be 33.1% when adjusted for STS mortality risk and time of surgery. The risk

adjusted mean incidence of poAF did not change significantly during the study period reported.
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The incidence of poAF in a retrospective study for analysing discharge prescription patterns in
a cohort of 8,32,958 patients, from STS Adult Cardiac surgery database, without history of
atrial fibrillation or stroke, who underwent first time isolated CABG for was 23.8% (54). The
incidence in a retrospective study reported from Malaysia among 637 patients showed
incidence of poAF to be of 28.7% after CABG. There was no difference in incidence of poAF
between patients undergoing OPCABG (19.3%) versus CABG on-pump (18.3%) (p=0.3) (55).
In an analysis of 2168 patients(9) who underwent isolated CABG or combined with valve
surgery at Singapore’s two national heart centres, the incidence of poAF was 17.3%. In another
retrospective study(56) conducted among 163 patients in Pakistan, the incidence of poAF after
isolated CABG was 25.8%. Incidence of atrial fibrillation after cardiac surgery under
cardiopulmonary bypass in a study conducted among 150 Indian adults showed incidence of
poAF was 40.7%(57). The median time to first episode of poAF after surgery was 52 hours in
the multi-centric study by Filardo et al (52) whereas it developed at a mean time period of 45
hours after surgery in a study reported from Malaysia(58). The duration of time spent in first
episode of atrial fibrillation after CABG varied between 4 to 7 hours (25)(59). Recurrence or
prolongation of poAF was reported in 72.3% of total patients suffering poAF in a study of 290
consecutive patients undergoing CABG. Detection of poAF is commonest by continuous
monitoring (telemetry) (76.8%), followed by 12-lead ECG (17.5%) and by physical
examination (12.8%) in a multi-national study involving 4657 patients undergoing CABG

studied at 70 centres located within 17 countries(8).

Effect of poAF on morbidity and mortality

Postoperative atrial fibrillation after cardiac surgery is consistently associated with increased
risk of haemorrhage(54), stroke(60), infection (61), hospital readmission within 30 days(62),

short-term and long-term mortality. In a meta-analysis of eleven studies by R Kaw et al(46)
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involving 40,112 patients, new-onset atrial fibrillation after CABG is associated with higher
odds of short-term mortality (OR (95% CI) 2.29 (1.74-3.01). Further, risk of death at 1 year
and 4 years was higher (Risk of 2.56 and 2.19 respectively) among patients with poAF. Patients
with poAF are at higher risk of death due to thromboembolism. In another analysis of Swedish
registry of 9495 patients over 10 year time duration followed-up for median duration of 7.9
years, poAF occurring after CABG affected long term survival adversely than poAF occurring
after valve surgery or combined procedures(53). Hence, the onset of poAF after CABG cannot
be considered a benign self-limiting event with no prognostic importance(63). After adjusting
baseline clinical differences, any recurrence of atrial fibrillation resulted in additional
prolongation of 1.1 days to total length of hospital stay (59). In another study of 570 patients
undergoing CABG, the adjusted length of hospital stay attributed to atrial fibrillation was 4.9

days(1).

Risk factors for poAF

The risk factors for poAF have been evaluated in a variety of cardiac surgery settings. The
prominent factors associated with poAF have been depicted in Figure 3. Most of these factors

have clear pathophysiological mechanism, thereby paving the way for interventions to reduce
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Low physical activity
HTN, DM, CHF, RHD, COPD
Prior MI, Prior AF
Drug histories

ECG abnormalities

Echocardiographic parameters
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Intraoperative factors |/

Cannulation site

Postoperative factors |

Infections/sepsis

Genetic polymorphisms CPB time/Ischemia reperfusion Fluid retention, Bleeding
Obesity, MetS Volume balance Electrolyte imbalance
LAA occlusion

Hemodynamic instability
Inotrope/Vasopressor use
Prolonged ventilation
Pneumothorax
Alrway issues, PE

Myocardial ischemia

Figure3. Factors associated with poAF. (23)
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its incidence. The perioperative factors associated with poAF have been depicted in the Figure

2. The interaction between the perioperative risk factors (Figure 2) and predisposing factors

like inflammatory mediators, substrate in cardiac tissue for atrial fibrillation, oxidative stress,

autonomic dysfunction and pre-existing atrial remodelling leads lead to initiation of POAF(23).

In a study of 570 consecutive patients undergoing CABG(1), increasing age (age 70 to 80 years

[OR=2;CI1.3-3], age >80 years [OR=3;Cl 1.6-5.8), male gender (OR=1.7;Cl 1.1-2.7),

hypertension (OR=1.6;Cl 1.0-2.3;), need for an intraoperative intra-aortic balloon pump

(OR=3.5; CI 1.2-10.9), postoperative pneumonia (OR=3.9; Cl 1.3 -11.5), ventilation for >24

hours (OR=2; CI 1.3-3.2), and return to the intensive care unit (OR=3.2; Cl, 1.1-8.8) were

associated with poAF.

a)

b)

Advanced age: Aging is associated with atrial remodelling(64), increased susceptibility
to reperfusion injury, atrial fibrosis leading to conduction abnormalities and oxidative
stress(1). In a retrospective study(65) of 304 patients over the age of 60 years
undergoing isolated on pump CABG, conducted at the National Centre of Gerontology,
China, the incidence of poAF was 23.36%. As age advances, the odds of developing
poAF after cardiac surgery increase (age 70 to 80 years [OR=2; CI1.3-3], age >80 years

[OR=3:;CI 1.6-5.8).

Ethnicity: A retrospective study conducted at The National Heart Institute,
Kualalampur involving analysis of medical records of 637 patients, Malaya, Indian and
Chinese ethnicity was compared to assess association with poAF. Indian ethnicity was
found to be associated with lower incidence of poAF when compared to Chinese or
malay ethnicity (9)(58). In a multinational study (8), the incidence of poAF was found

to be lowest in South America (17.4%) and India (15.7%).

Preoperative ECG: Features on routine preoperative ECG like Premature atrial

contraction, p-wave index > 27msec and p-frontal axis greater than 55° were found to
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d)

be associated with higher incidence of poAF.(20). P-wave index (66), measured as
standard deviation of mean P wave duration across all 12 leads in an ECG, is a measure
of disorganised atrial activity. P wave amplitude of leads aVR and V1 along with more
positive p-wave frontal axis was independently associated with poAF(20). Fragmented
QRS (fQRS) has been reported to be associated with poAF (67) where fQRS is defined
as the presence of RSR' pattern, additional R wave, notching of R or S waves, or more
than one fragmentation in two contiguous leads. Presence of fQRS on admission ECG
was found to be associated with higher odds (OR 2.801, 95% CI 1.262-6.211) of
developing poAF. P wave duration was not significantly associated with poAF in

another study of 77 patients(68).

Echocardiographic features for prediction of poAF: Immediate preoperative
transthoracic echocardiography was performed among 169 patients undergoing high
risk cardiac surgery to assess association of echocardiographic characteristics with
poAF(69). Of eleven parameters studied, higher left atrial volume indexed to body
surface area (in ml/m?) (37.9+15.5 vs 28.6+12.31; p=0.0001) and diastolic dysfunction
(p=0.0011) were found to be significantly associated with occurrence of poAF.
However, in a study of 223 patients undergoing cardiac surgery(70), twelve
echocardiographic parameters were analysed retrospectively using data collected
prospectively. poAF was not found to be significantly associated with diastolic

dysfunction in this study population.

Renal dysfunction: poAF was significantly associated with impaired renal function.
Mild impairments in renal function (eGFR 60-90 ml/min/1.73 m?) as well as severe
impairment in renal function (GFR < 60 ml/min/1.73 m?) were significantly associated
with increased risk of poAF when compared to patients with normal renal function

(eGFR > 90 ml/min/1.73 m?) undergoing cardiac surgery (17).
24




f)

9)

h)

Inflammation — Biomarkers have been studied as predictors for various complications
related to cardiac surgical complications. BNP, CRP. IL-6, Serum Creatinine, PAI-1,
sVCAM-1, sCD-40L, Aldosterone and Galectin-3 have been evaluated as biomarkers
for prediction of poAF after cardiac surgery(71). NT-proBNP, which is formed along
with BNP, as a result of breakdown of proBNP released from myocardial stretching, is
a biomarker which has been studied for prediction of poAF. Preoperative NT-proBNP
levels above 502 pg/mL are associated with higher risk of poAF(71). Elevated BNP
levels are associated with higher hospitalisation for heart failure and adverse physical
function. There is a variation among different studies along with large standard
deviation in the dataset collected in all these studies. The optimum cut-off for predicting
poAF has not been investigated. These factors limit the utility of these biomarkers in
predicting poAF after cardiac surgery. After the initial acute postoperative period
(beyond 3 weeks), certain plasma cytokines like MPO, PTX3, ADAM17, sST2, IL-25,
IL-33, TNF alpha and IL-37 have been investigated to find a meaningful association
with poAF. ADAM-17 and IL-25 have been always found to be lower in patients with

poAF(71). Hence, these cytokines are found to be protective against poAF

Epicardial adipose tissue: Epicardial adipose tissue fat was studied to assess the relation
between total epicardial adipose tissue assessed by preoperative three dimensional
computed tomography scan, and incidence of poAF(68) among 77 patients cardiac
surgery in Japan. In this study, the ratio of left atrial epicardial adipose tissue to total
epicardial adipose tissue was associated with poAF. The practical significance of this
finding is debatable in view of the additional radiation exposure without any absolute

benefit.

Electrolytes — Magnesium is commonly used for prevention and treatment of

arrhythmias after cardiac surgery. The blood levels of Magnesium and its
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supplementation to prevent / treat postoperative arrhythmias has been a subject of
interest. Low serum magnesium levels (< 1.8mg/dL) significantly increased the risk
(2.66 times) of poAF (72). There is a diversity of dosages and timing of magnesium
therapy for prevention of postoperative arrhythmias. A postoperative 3-day magnesium
regimen consisting of 10 mmol (2.47g) of magnesium sulphate infused daily was found
to significantly reduce the incidence of poAF(73). The reported doses and timing of
magnesium dosage for prevention of poAF after CABG have been summarised by
Kohno H and colleagues and they found that it varied between 0.08 mmol/kg before
and after CPB to a total maximum dose of 110 mmol over a period of 80 hours after
surgery(72). On the other side, magnesium Kaplan M and colleagues did not find a
significant reduction in the incidence of poAF when magnesium was administered as
an infusion of 3g (24.34mEq) in 100 ml over 2 hours preoperatively, perioperatively
and on postoperative days 0, 1, 2 and 3. Klinger R et al (16) assessed the effect of
intraoperative administration of magnesium, administered as 50mg/kg bolus after
induction of anaesthesia followed by another 50mg/kg over next 3 hours, on the
incidence of poAF after cardiac surgery. There was neither significant difference in the
incidence of poAF (42.5% vs 37.9% p=0.40), the timing of onset of poAF when
compared to placebo group (day 2 (2-3) vs day 2 (1-3)) or recurrence of atrial
fibrillation (44.3% vs 40.3% p=0.63). A meta-analysis including 35 studies involving
6037 patients was published in 2007(48). The timing of magnesium therapy, mode of
therapy (bolus vs infusion), its effect on various types of postoperative arrhythmias and
adverse effects has been reported. Magnesium therapy administered in the
postoperative period as bolus therapy, with doses upto 60 mmol over more than 24
hours, was associated with a reduced risk of poAF without any other adverse effects.

However, the meta-analysis was limited by high probability of bias and clinical and
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)

K)

methodological heterogeneity in the included studies. Recently, Osawa E A et al (74)
reported recently, in a matched case-control pilot study, that a continuous infusion of
magnesium sulphate (loading dose of 10 mmol followed by 3 mmol/h infusion till
intensive care unit discharge) reduced the incidence of poAF when compared to control
group (40.4% vs 25.3%). The hazard ratio was significantly less in the magnesium
supplementation group (hazard ratio 0.45, 95% CI 0.26-0.77; p=0.004) when compared
to control group. Magnesium supplementation is beneficial even after congenital heart

surgery for prevention of arrhythmias (75).

Cardiopulmonary bypass time: The systemic inflammation response resulting from
exposure to cardiopulmonary bypass (CBP) may increase the chances of poAF. In a
study of 330 patients undergoing open heart surgery, Shahbazian et al (76) found no
association between neither duration of CPB nor aortic cross clamp time and incidence
of poAF. However, Zhang W et al (9) found that CPB duration > 120 minutes was
significantly associated with poAF (OR 1.92, 95% CI 1.47-2.52 p< 0.001). The atrial

fibrillation risk score system assigns 2 points (for duration of CPB > 120 min)(9).

Obstructive sleep apnoea (OSA): Wong J K et al (14) retrospectively studied medical
records of 545 patients undergoing cardiac surgery and found that OSA was associated
with higher risk of poAF. However, the risk of poAF appeared to be less among patients
using home positive airway pressure therapy (hazard ratio 0.63 (95% CI 0.35-1.15;

p=0.13).

Metabolic syndrome: Vural U and Aglar AA (61) recently investigated the association
between metabolic syndrome, obesty and poAF. They found that metabolic syndrome

and obesity were independent risk factors for poAF.
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) Gene expression: Khan MS et al (77) have reviewed existing literature on gene
expression related to poAF and foresee the vital role specific genomic markers for

identifying patients likely to develop poAF after CABG.

Prediction models for poAF after CABG

POAF after cardiac surgery is multifactorial. Hence, prediction of poAF with the help of
scoring systems has been proposed widely.
a) POAF score: Marsicalco et al (26) retrieved perioperative data of 17,262 patients from
3 European university hospitals to derive and validate a simple bedside score for
prediction of poAF (Table 1). The area under ROC curve for prediction of poAF in the

validation cohort was 0.64.

Variable Additive score points

assigned

Age <60 years

Age 60 to 69 years

Age 70 to 79 years

Age 80 years or more
COPD
eGFR <15 mL/min per 1.73 m2 or dialysis

Emergency

Preoperative IABP
LVEF < 30%

Valve surgery

Table 1. POAF Score (26)

Rl R R R R R W N R o

b) Atrial fibrillation risk score: EI-Chami et al (27) evaluated a cohort of 18,517 patients
undergoing isolated CABG to derive and validate a simple tool called the Atrial
fibrillation risk index (Table 2) to predict poAF. The area under ROC curve for

prediction of poAF was 0.64.
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d)

Variable Males Females
Age (years) > 60 = 1 point > 66 = 1 point
Weight (kg) > 76 = 1 point > 64 = 1 point
Height (cm) > 176 = 1 point > 168 = 1 point
Peripheral vascular disease | Present = 1 point Present = 1 point

Table 2. Atrial fibrillation risk score (27)

Clinical prediction rule for prediction of poAF after isolated CABG: Using clinical
features and standard ECG criteria, Amar D et al (78) proposed a clinical prediction
rule for predicting poAF after isolated CABG. Four factors (Age (1 point per year), p
wave duration on ECG > 110ms (3 points), prior history of atrial fibrillation (12 points)
and postoperative low cardiac output state (10 points)) were included in the score. The

area under ROC curve for this clinical prediction rule for prediction of poAF was 0.69.

CHA:2DS>VASc Score: Lip GYH et al (28) first proposed the CHA2DS>VASc Score in
2010 as an improvement for the classic CHADS: score for stroke risk stratification in
patients with atrial fibrillation. Kashani RG et al (13) used this score as a tool for
prediction of poAF after cardiac surgery in 2385 patients. The mean CHA>2DS,VASc
score was significantly higher among patients who developed poAF after cardiac
surgery (3.6 vs 2.8; p < 0.0001) when compared to patients who did not develop poAF.
The risk of poAF was found to increase with rise in each point of CHA2DS,VASc
Score. A meta-analysis by Yun-lin Chen et al, reported in 2020, including 12 studies
involving 18,086 patients found that CHA:DS2VASc Score was an independent
predictor of poAF after cardiac surgery(10). The area under ROC curve for this score
for prediction of poAF after cardiac surgery was 0.76. The specificity and sensitivity of
this score in in this meta-analysis was 0.70 and 0.72 respectively. CHA2DS,VASc
Score has been evaluated for prediction of poAF in a cohort of 99 Indian patients

undergoing isolated off-pump CABG (79). The mean preoperative CHA;DS,VASCc
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f)

9)

Score was higher among patients who developed poAF when compared to patients who
did not develop poAF (3.6 vs 2.11; p=0.0001)(8). The area under ROC curve for
CHA2DS,VASc score for prediction of poAF after isolated off-pump CABG was 0.82.
The suggested cut-off was 3, with a sensitivity, specificity, positive predictive value

and negative predictive value of 90%, 77%, 50% and 96.63% respectively.

Multivariate analysis by S Perrier et al (11): The CHA2DS2VASc Score has also been
prospectively evaluated as a part of multivariate analysis for prediction of poAF after
CABG with other additional factors like BMI> 35kg/m?, Beta blocker, antiplatelet

therapy, renal insufficiency.

Renal dysfunction as an addition to CHA2DS>VASc Score: SK Chua et al (15)proposed
the R- CHA2DS>VASc Score as an improved new score for prediction of poAF after
cardiac surgery. Renal dysfunction, defined as eGFR < 60ml/min/1.73 m?, was assigned
as an additional variable with one point assigned to it. The area under ROC curve for

this score was 0.71.

Multicentre risk index for atrial fibrillation after cardiac surgery: Mathew JP et al (8)
performed a multicentric study at 70 centres in 17 countries involving 4657 patients to
derive and validate a risk index for prediction of poAF after cardiac surgery. The score
includes Age, Medical history of COPD and atrial fibrillation, concurrent valve surgery,
details of therapy with beta-blockers, details of therapy with ACE inhibitors,
postoperative potassium supplementation and postoperative NSAID therapy as the
variables. Figure 3 shows the variables and the positive or negative scores assigned to
each variable for arriving at the score and predicting risk of poAF. The area under ROC

for this model for prediction of poAF was 0.77.
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h) Comparison of three scores for prediction of poAF: External validation of three scores

proposed for prediction of poAF after cardiac surgery was conducted in a cohort of

Predictor Points
Age,y
<30 6
30-39 — 12
40-49 ————18
50-59 A
60-69 { 30
70-79 | 36
=80 | 42
Medical History
Atrial Fibrillation 7
COPD 4
Concurrent Valve Surgery 6
Withdrawal of Postoperative Treatment
B-Blocker 6
ACE Inhibitor 5
f-Blocker Treatment :
Preoperative and Postoperative -7 —
Postoperative U |
Preoperative and Postoperative ACE 5 }—I
Inhibitor Treatment :

Postoperative Treatment :
Potassium Supplementation -5

NSAIDs -7 —
T T T I T T T T T 1
-25 =20 -10 0 10 20 30 40 50 60
Total Points
T T T T T T 1
0.01 0.02 0.05 017 033 052 0.8

Risk of Postoperative Atrial Fibrillation

- | ]

T 1

Low Risk Medium Risk  High Risk

Risk is determined by assigning points from the points scale for each of the predictors listed and then plotting
the total points received against the risk score at the bottom of the nomogram. For example, 50 total points
predicts a risk of postoperative atrial fibrillation of 88 %. ACE indicates angiontensin-converting enzyme; COPD,
chronic obstructive pulomonary disease; and NSAIDs, nonsteroidal anti-inflammatory drugs.

Figure 4: Risk of poAF after cardiac surgery (8).

1416 patients undergoing cardiac surgery (29). All the three scores evaluated in this
study, namely POAF score(26)(10), CHA2DS>VASc Score(10) and Atrial fibrillation
risk index(27) were found to have limited predictive ability for poAF after cardiac

surgery with area under ROC curve ranging from 0.56 to 0.65.
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i)

)

K)

Clinical risk prediction for Asian population: Zhang et al (9) proposed the Atrial
fibrillation risk score system for prediction of poAF after cardiac surgery specific to

Asian population derived from a cohort of 2168 patients.

Variable Score
Age > 65 years 1
History of atrial fibrillation 3
Intraoperative inotrope use 1
CPB duration > 120 minutes 2
Chinese ethnicity 2
Malay ethnicity 2
Indian ethnicity 0

Table 3. Atrial fibrillation risk score system (9)

Risk category Point scores | Frequency of poAF
Low 0-2 8.3%
Moderate 3-5 16.5%
High 6-9 41.8%

Table 4. Frequency of poAF at various risk categories using the Atrial fibrillation risk
score system (9)

Multivariate logistic regression model including ECG characteristics: Wong JK et al
(20) proposed a multivariate regression model which has ECG characteristics. The
clinical variables included in the model were Age, Previous cerebral event (including
transient ischaemic attacks and cerebrovascular accidents), EF < 55%, Valve surgery
and previous A Fib. The ECG characteristics included were premature atrial
contractions, PR interval, P-wave index > 27msec and P wave frontal index. The area

under ROC curve of this model was 0.78.

Neutrophil-Lymphocyte ratio (NLR): The neutrophil-lymphocyte ratio has emerged as
an important biomarker for prediction of poAF after cardiac surgery. In a metanalysis

of 12 studies involving 9,262 patients, elevated preoperative NLR was found to be
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significantly associated with poAF (OR 1.42 (95% CIl 1.16-1.72). However

postoperative NLR was not associated with poAF (49).

Prevention of poAF

Various pharmacological and surgical interventions have been evaluated for prevention of
POAF after cardiac surgery(80). Perioperative beta-blocker therapy including reintroduction of
betablocker therapy after surgery(81) has the strongest evidence for prevention of poAF.
Restarting beta-blockers after CABG has been suggested as a part of care bundle for prevention
of poAF after cardiac surgery (82). Antiarrhythmics drugs, particularly Amiodarone has the
strongest evidence for prevention of poAF(83). Apart from betablocker therapy various other
agents/ strategies have been evaluated and reported widely including Cochicine(30),
Statins(18,84), Vitamin C(47), Sotalol, Landiolol (85,86), N-Acetyl Cysteine, Digoxin,
Dexmedetomidine(87), Propafenone, Procainamide, Steroids, maintenance of high normal
serum potassium levels, Ranolazine(19)(43) and their combinations.
a) Beta blockers and Amiodarone: Prophylaxis with Metoprolol or Landiolol (85,86) for
prevention of poAF has been reported. Preoperative use of beta-blockers was associated
with reduced new-onset poAF in a meta-analysis of five RCT involving 688
subjects(44). Metoprolol and Amiodarone have been directly compared in a
randomised controlled trial where 316 patients, who were free from atrial fibrillation,
were randomised to receive either Metoprolol (1 to 3 mg/hour infusion for 48 hours
according to heart rate) or Amiodarone (15mg/kg as a daily dose (maximum 1000mg
per day starting within 24 hours and continued till 48 hours after surgery). There was
no significant difference in the incidence of first episode of poAF in both the groups
(23.9% in Metoprolol group vs 24.8% in Amiodarone group; p=0.85) (88). In a

placebo-controlled, randomized, double-blinded trial with 253 patients(89), oral

33




Metoprolol was compared with combination of Metoprolol with Amiodarone, Sotalol
and placebo. Metoprolol therapy was associated with 13.5% absolute reduction in atrial
fibrillation (OR 0.58, p=0.16). Landiolol has been evaluated in the PLATON Trial (85)
where 60 patients with left ventricular ejection fraction < 35% were randomised into
two groups (intravenous Landiolol infusion group and control group). poAF was
significantly less in Landiolol infusion group when compared to control group (10% vs
40%; p=0.002). In addition, patients in Landiolol group had significantly shorter
hospital stay and did not suffer any adverse effects due to the infusion. The cost-
effectiveness of Landiolol vs standard of care therapy has been reported by Walter E
and colleagues where Landiolol reduced the incidence of poAF and was significantly
cost-effective(86). Similarly Amiodarone therapy was found to be cost-effective for
prevention of poAF(90). Timing of beta blocker reintroduction after cardiac surgery
and its relation to incidence of poAF has been evaluated recently in French multicentric
prospective cohort of 663 patients by Couffignal C et al (81) where it was found that
reintroduction of beta blocker therapy withing 48 hours after surgery was not
statistically associated with decreased incidence of poAF during first 72 hours after
cardiac surgery. The reasons listed for non-reintroduction of betablocker therapy within
48 hours after cardiac surgery in this study (60.6% of total patients) were ongoing
catecholamine infusions (37%), atrioventricular block (8%), concomitant use of
Amiodarone (10%), arterial hypotension (8.7%), bradycardia(6%), anticipated risk of
bronchospasm (<1%), reintroduction not considered necessary (2.4%), no oral feeding
(1.2%) and undocumented reasons (34%). The study authors caution that lack of
statistical significance should not be considered as lack of proof for reintroduction of
betablockers for preventing poAF. The authors suggest measures to improve the re-

introduction of beta-blocker therapy by bridging with intravenous therapy before oral
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b)

intake. Amiodarone (as a single dose of 1800 mg dose orally followed by intravenous
infusion of 900mg over 24 hours after induction of anaesthesia for subsequent 3 days)
was prospectively compared with three other groups consisting of Amiodarone with
thoracic epidural anaesthesia, only thoracic epidural anaesthesia or control group in a
study of 196 patients undergoing CABG (91). Amiodarone therapy was effective in
reducing the incidence of poAF when compared to thoracic epidural anaesthesia(91).
Route of Amiodarone therapy was evaluated in a meta-analysis of 23 studies involving
3950 patients (92) where it was found that oral as well as intravenous routes of
Amiodarone therapy were effective for prevention of poAF. The timing of amiodarone

therapy also did not make a difference.

Statin therapy: Administration of Statins in the perioperative period have been found to
reduce the incidence of poAF after cardiac surgery (18,84). A meta-analysis of 11 trials
involving 1105 patients by Patti G et al(18) reported that short-term statin therapy was
associated significant reduction in risk of poAF after cardiac surgery. Couffignal et al
also reported that reintroduction of statins, but not ACE inhibitors and diuretics, was

associated with reduced risk of poAF within 72 hours after cardiac surgery(81).

Ranolazine therapy: Short course of Ranolazine therapy was found to reduce the risk
of poAF after cardiac surgery. Hammond DA et al (19) reported the results of a
randomised trial involving 205 patients to study the effect of short-course Ranolazine
therapy (preoperative Ranolazine 1000mg followed by 1000mg twice a day, starting
postoperative evening, for 7 days or until discharge) with standard therapy. Patients in
Ranolazine group had lower incidence of poAF when compared to standard therapy
within 7 days after cardiac surgery (10% vs 41.9%). In a meta-analysis of four studies
involving 663 patients undergoing cardiac surgery, Trivedi et al (43) found that

prophylactic Ranolazine was associated with significant reduction in risk of poAF (risk
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d)

ratio 0.44; 95% C10.25-0.78; p=0.005) when compared to standard therapy. Ranolazine
was administered prophylactically as 1000mg PO on the morning of surgery followed

by 1000mg twice a day for 7 to 14 days postoperatively in most of the studies.

Non-pharmacological methods: Posterior pericardiectomy(33), active clearance of
chest drainage(32) and Bi-atrial pacing (39) are the commonly evaluated non-
pharmacological methods for prevention of poAF. Oxidation and inflammation of
mediastinal shed blood within the pericardium in postoperative period has been
proposed as a trigger for poAF(33). Patients who underwent prophylactic posterior
pericardiectomy has reduced incidence of poAF after cardiac surgery (6% vs 34%;
p=0.0000007) when compared to patients without posterior pericardiectomy(34).
Active clearance of chest drainage by the use of active tube clearance system was
associated with 34% reduction in rate of poAF after cardiac surgery(32). A met-analysis
of ten studies showed that Bi-atrial pacing was found to be an effective prophylaxis
against poAF(39). However, there was no significant benefit of isolated right atrial
pacing. However, bi-atrial pacing was associated with risk of loss of sensing, LV pacing
and diaphragmatic pacing. Since the incidence of poAF is highest on the second day
after cardiac surgery, it has been recommended to continue pacing for 3-5 days with
recommended rates between 80 and 90/min(39). Prophylactic cox-maze procedure has

been studied for prevention of poAF after cardiac surgery(80).

Approach to management of poAF

Management of poAF is varied in terms of pharmacological agents, doses and durations.
However, the goals of management are based on maintenance of stable hemodynamic with
symptom control, prevention of thromboembolism and recurrence(35). Various therapies have

been reported to be applied for treatment of poAF in surveys conducted by European
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association of cardiothoracic anaesthesiologists and Society of Cardiovascular

anaesthesiologists (80).

a)

b)

Rate control vs rhythm control: Rate control vs rhythm control as initial management
strategy of poAF after cardiac surgery has been evaluated in a large randomised
controlled trial of 523 patients conducted by Gillinov A et al(93). Patients in the rate
control group received medications to slow the heart (goal for heart rate less than
100/min) while patients in the rhythm control group received Amiodarone with or
without rate control medications. Patients received direct current cardioversion if poAF
persisted for 24 to 48 hours. Both strategies for control of poAF were associated with
similar hospitalisation days (5.1 vs 5.0; p=0.76), rate of death, overall serious adverse
effects (24.8 per 100 patient-months in rate-control group vs 26.4 per 100 patient
months in rhythm control group, p=0.61) and similar rate of stable heart rhythm without
atrial fibrillation for 30 days (93.8% in rate control group vs 97.9% in rhythm control

group, p=0.02).

Amiodarone: Amiodarone, either orally or 1V route, is preferred for prevention and
pharmacological treatment of poAF after cardiac surgery(80). Amiodarone by
intravenous route administered for poAF lasting < 24 hours (administered as initial
5mg/kg infusion over 30 min followed by 10mg/kg as infusion over next 20 hours)
restored sinus rhythm in 83% of patients when compared to 44% in the control group
in study of 160 patients (94). Intravenous Amiodarone (300 mg IV in 30 min followed
by 1125 mg IV in 36 h) combined with Ranolazine (Oral 500 mg + 375 mg after 6 h
and 375 mg twice daily orally thereafter) has been found to restore sinus rhythm earlier
in patients with poAF when compared to patients in Amiodarone monotherapy
group(31). Amiodarone can cause side effects like bradycardia, thyroid dysfunction,

pulmonary toxicity, corneal microdeposits and elevated serum transaminases(80).
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c)

d)

f)

Amiodarone and early cardioversion: Samuel et al compared the effect of strategy of
IV Amiodarone (150mg IV bolus followed by 1gm over next 24 hours) with early
cardioversion if not reverted to sinus rhythm within first 24 hours with a control
regimen of digoxin, procainamide or digoxin for management of poAF after CABG in
a retrospective study(95). This strategy of IV Amiodarone with early cardioversion was
significantly better in restoring sinus rhythm within first 24 hour (79% vs 64%) and 48
hour time period (90% vs 73%) when compared to control regimen consisting of

combination digoxin and procainamide or diltiazem(95).

Magnesium supplementation: Supplementation by IV magnesium sulphate empirically
or prophylactically or when associated with hypomagnesemia is associated with
reduced incidence of poAF. Magnesium supplementation has been described in a
variety dosages and regimen (16,72,73,75)(39). However, the role of magnesium

supplementation is limited to being an adjunct with other agents for treatment of poAF.

Ranolazine: Ranolazine is an antianginal agent with additional antiarrhythmic
properties. Prophylactic Ranolazine is reported to be effective in reducing the incidence
of poAF when compared to standard therapy(43). However, therapy with Ranolazine
as a sole agent for treatment of poAF has not been reported. Ranolazine, orally, in
combination with IV Amiodarone for treatment of poAF restores sinus rhythm earlier

than patients in ‘amiodarone only’ group (31).

Vernakalant: Vernakalant is a multi-channel inhibitor for which has been studied for
management of poAF after cardiac surgery. It inhibits atrial specific potassium and
sodium channels resulting in prolongation of effective refractory period. It blocks
Kv1.5 channels in open state and is especially effective at higher heart rates(42).

Vernakalant is administered as an intravenous infusion of 3mg/kg in 100ml normal
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saline, upto a maximum dose of 339mg. In case of non-restoration of sinus rhythm, an
additional dose of 2mg/kg as an infusion is administered after a interruption of 15 min
after infusion of first dose(96). Restoration to sinus rhythm was successful in 70% of
patients. Vernakalant administration was associated with non-significant reduction in
heart rate and no associated adverse effects(96). Practice guidelines published by
Society of Cardiovascular anaesthesiologists recommend Vernakalant therapy to be
considered (Recommendation class Ilb with LOE B) for cardioversion of patients
without severe heart failure, hypotension, or severe structural heart disease developing
poAF after cardiac surgery(80).

g) Other agents: Colchicine has been recommended for consideration postoperatively to
reduce poAF after cardiac surgery (Recommendation class Ilb with LOE B)(80).

However, cochicine is associated with gastrointestinal side-effects.

Practice quidelines for poAF after cardiac surgery

Practice guidelines for prophylaxis and treatment of poAF after cardiac surgery have been
proposed since 2006 and are updated regularly(36)(97)(98)(39)(80). The most recent
guidelines with recommendations and LOE are shown in Figure 4. Perioperative betablocker
therapy has the Class | recommendation level (LOE A/B) prevention of poAF. Perioperative
amiodarone for prevention of poAF after cardiac surgery has a lower class of recommendation
(Recommendation class lla with LOE A) compared to perioperative beta blockers. In
‘hemodynamically unstable’ patients, restoration of sinus rhythm by electrical cardioversion
or antiarrhythmic agents (Amiodarone) is recommended (Recommendation class | with LOE
C). Antiarrhythmic drugs or direct current cardioversion should be considered for
‘symptomatic’ poAF (Recommendation class Ila with LOE B/C). It is recommended to manage
‘asymptomatic’ poAF with rate control and anticoagulation (for prevention of stroke)

(Recommendation class Ila with LOE A/B). Beta blockers or calcium channel blockers (non-
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hydropyridine group like Verapamil and Diltiazem) are recommended to achieve rate control

in poAF (Recommendation class I/l1a/NC with LOE B/low)(80)(99).

Simplified clinical practice guideline. A simplified clinical practice guideline (CPG) aimed at

prevention of poAF and to promote improved adherence to recommendations to reduce poAF
was evaluated in a cohort of patients before (170 patients) and after introduction (189 patients)
of CPG (38). The CPG consisted of four goals i.e., early administration of beta-blockers, early
electrolyte replacement, adequate oxygenation, and pain control. Prophylactic administration
was included for patients in high-risk for developing poAF. Simplified CPG lead to reduction
in incidence of poAF from 12.3% (before introduction of CPG) to 8% (after introduction of

CPG) (p=0.04). The time to resumption of betablocker therapy was shorter after introduction

@ N\ Risk Factors for
Preventing Perioperative AF in Cardiac Surgical Patients " :
P g Perioperative AF
t  Age> 75
E'eva;ed | = hylactic Amiod : LOE A/B | * titoryorAr
Ris rophylactic arone = s
Aol : Renal Failure

| Administer B-blockers LOE A

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Mitral valve surgery/
disease

Normal Continue B-blockers to avoid withdrawal LOE A/B ¢ Heart Failure

Risk !
Patients Administer B-blockers LOE A * COPD
‘ There may be other important risk
Pre-op | Intra-op Post-op factors to consider in any individual
~ J patient

Risk for developing post-op AF

Treating Perioperative AF in Cardiac Surgical Patients

Non-dihydropyridine CCB or B-blocker for rate control LOE B

Bac(a

Electrical or chemical (e.g. - amiodarone) cardioversion if hemodynamic instability LOE B

| Amiodarone for rhythm control LOE B ]

European Association of
| Cardiothoracic Anaesthesiologists

| Consider anticoagulation when AF duration >48 hours LOE B

Additional Therapies with only Class Ilb Recommendation Recog:::r::ation SOCIETY OF
CARDIOVASCULAR
ANESTHESIOLOGISTS
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Figure 5. Practice advisory for prevention and treatment of poAF after cardiac surgery as
recommended by Society of Cardiovascular Anaesthesiologists and European association of
Cardiothoracic Anaesthesiologists.(80).
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of CPG (303£99 minutes vs 385.3+112; p=0.04). There was no difference in the incidence of
other postoperative complications like perioperative myocardial infarction, wound infection,
early stroke and in-hospital mortality after introduction of CPG. Hence, introduction of CPG
as a quality improvement initiative can be practised effectively to reduce the incidence of poAF

after cardiac surgery.

Discharge Medication for de novo poAF after cardiac surgery

poAF is associated with increased risk of early stroke, morbidity and 30-day
mortality(99). Hence, oral anticoagulants at hospital discharge in patients with poAF are
associated with reduced long-term mortality. The stroke risk reduction due to long term
anticoagulation for patients with high stroke risk after poAF versus stroke risk reduction due
to long-term anticoagulants for patients who suffered short episodes of poAF (<48 hours) is
not known(60). However, a recent large retrospective cohort study involving 1,66,747 patients
from STS Adult Cardiac surgery database (54)was not in favour of anticoagulation therapy at
discharge for patients with poAF after CABG. It was found that 25.7% of patients were
discharged on anticoagulation with an average CHA:DS;VASc score of 3.2+1.3.
Anticoagulation therapy at discharge was not associated with reduced 30-day stroke rates
(Adjusted OR 0.87, 95% CI 0.65-1.16; p=0.35) but was associated with increased risk of 30-

day re-admission for bleeding episodes (Adjusted OR 4.30; 95% CI 3.69-5.30; p<0.001)(54).
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Aim and Objectives

Hypothesis:

1. We hypothesise that incidence of new onset atrial fibrillation is expected to be about

30% after coronary artery bypass grafting.

2. We hypothesise the association of certain risk factors with new-onset atrial fibrillation

3. We hypothesis that onset of atrial fibrillation is associated with increased stay in ICU,

increased hospital stay, increased risk of renal dysfunction and infection.

Obijectives:

1.

To estimate the incidence of new onset atrial fibrillation after elective coronary artery

bypass grafting

To assess the association between new onset atrial fibrillation after elective coronary

artery bypass grafting with the following risk factors

Factors related to patient medical history

a)
b)
c)
d)
e)
f)
9)
h)

i)

Age

Pre-existing chronic kidney disease

Pre-existing COPD / Chronic respiratory disease
CHA: DS2-VASc Score

NYHA Class

Hypothyroidism

Smoking

Dyslipidemia

Preoperative ICU admission

Factors in preoperative investigations

a)

Baseline hemoglobin
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b) Baseline serum creatinine

c) RCA stenosis > 90%

d) eGFR (per 1.73 m? Body surface)
e) LVEF by preoperative TTE

f) LAsize (TTE PLAX view)

Factors related to perioperative medication and serum potassium levels

a) Perioperative Beta blocker therapy

b) Perioperative Amiodarone therapy

c) Perioperative Ranolazine therapy

d) Perioperative Magnesium supplementation
e) Serum potassium levels

Factors related to intraoperative technigues

a) Intra-aortic balloon pump (IABP) use

b) LV venting via Pulmonary vein

c) Asynchronous atrial or atrioventricular pacing

d) Number of grafts

e) Coronary endarterectomy

f) CPB time

g) Aortic cross clamp time

h) Duration of Operation

i) Need for IABP

j) Insertion of Swan Ganz catheter for CABG surgery
3. To assess the relation between incidence of new onset postoperative atrial fibrillation and

a) Duration of Intensive Care Unit (ICU) stay,

b) Duration of hospital stay after surgery,
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¢) Renal dysfunction,
d) Infectious complications.
e) Death

f) Need for tracheostomy
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Methodology

Design: Prospective observational study

Setting: A tertiary referral center University Hospital, single-center study

Objective:

1. To estimate the incidence of new-onset Atrial fibrillation after elective coronary artery

bypass grafting.

2. To prospectively evaluate the risk factors associated with new-onset Atrial fibrillation

after elective coronary artery bypass grafting.

3. To assess the association between incidence of poAF and certain outcome parameters

Study population:
Adult patients scheduled for elective coronary artery bypass grafting were considered for

inclusion in the study.

Inclusion criteria:
e Adult patients (Age above 18 years).

e Scheduled for elective coronary artery bypass grafting

Exclusion criteria:
e Patient refusing to participate in the study
e Emergency surgery
e Redo surgery
e Patients in ongoing atrial fibrillation / supraventricular arrhythmias during the

preoperative period
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e A ssignificant cardiac valvular disease which requires surgical intervention
e CABG associated with valve surgery

e Patients undergoing CABG along with any other open-heart procedure

Informed consent: Adult patients scheduled for elective coronary artery bypass grafting were
screened for study by investigators. The patients were recruited by the investigators as per the
inclusion and exclusion criteria. Informed written consent was obtained from the patient by the
principal investigator after educating the patient regarding the proposed study during
preoperative anesthesia evaluation and request is made for participation in the study. The

consent form was provided in English and Malayalam.

Ethical considerations: Clearance was obtained from Institutional ethics committee (IEC
Registration no ECR/189/Inst/KL/2013/RR-16) before commencing the study. IEC approval
no. SCT/IEC/1244/August 2018 dated 07/09/2018. The study was prospectively registered
with clinical trials registry of India (CTRI1/2018/11/016417 dated 26 Nov 2018) before

enrollment of first patient on 01Jan 2019.

Study protocol:

e Patients were selected one day before surgery during pre-anaesthetic evaluation by the
principal investigator as per specified inclusion and exclusion criteria.

e Patients were educated about the study in the presence of a witness and invited for
participation in the study. The witness could counter question the patient whether he/
she has understood the proposed study, of which he/ she would be a part. An informed

consent form was signed by patient as per the institute protocol.
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e After obtaining institutional ethics committee approval and witnessed informed consent
from patient, preoperative characteristics were recorded from medical records as per
pre-specified case record format.

o Other data related to risk factors for postoperative Atrial fibrillation were noted from
intraoperative medical records and postoperative chart review (as specified in Case
record format/observation chart). Any clarifications regarding entries in medical

records were sought from anaesthesiologist involved with case.

Study groups: The study involves a single group, in whom all the proposed parameters would
be measured. Patients characteristics of patients who developed poAF were compared with

characteristics of patients who did not develop poAF.

Observations: The data related to patient related risk factors and outcome parameters were

recorded from medical records. All observations were recorded in a pre-specified case record

format.

Factors related to patient medical history: Recorded from patient medical records.

a) Age

b) Pre-existing chronic kidney disease

c) Pre-existing COPD / Chronic respiratory disease

d) CHA:2 DS;-VASc Score
This score is used for calculating the risk of stroke in patients with Non-rheumatic
Mitral valve disease. In addition, this has been reported to predict atrial fibrillation
after cardiac surgery (13). The following parameters were used to calculate the

score. Score for each factor as indicated.
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Congestive Heart failure — 1
Hypertension (BP>140/90 or treated) — 1
Age >= 75 years — 2
Diabetes Mellitus 1
Prior stroke/ TIA/ Embolism — 2
Vascular disease (peripheral artery disease, myocardial infarction)—1
Age 65-75 — 1
Gender Female — 1
All the parameters required for calculation of this score were available from medical
records.
e) NYHA Class
f) Hypothyroidism
g) Smoking
h) Dyslipidemia

i) Preoperative ICU admission

Factors in preoperative investigations

a) Baseline hemoglobin

b) Baseline serum creatinine

¢) RCA occlusion > 90% in preoperative coronary angiography

a) eGFR (per 1.73 m? Body surface): Preoperative eGFR (estimated glomerular
filtration rate) is calculated using Cockcroft Gault formula.
eGFR = ((140 - Age)*Weight / Serum Creatinine*72)) *0.85 (if female)
Serum creatinine and age were recorded from medical records and applied in this

formula. The derived value was recorded in the observation chart.
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d) LVEF by preoperative TTE
e) LAsize (TTE PLAX view)

Factors related to perioperative medication and serum potassium levels

a) Perioperative Beta blocker therapy

b) Perioperative Amiodarone therapy

c) Perioperative Ranolazine therapy

d) Perioperative Magnesium supplementation. Magnesium supplementation is
administered for prophylaxis and therapy of poAF after CABG. In addition,
Magnesium supplementation is administered intraoperatively (usually 2gm) just
after opening of aortic cross clamp during cardiopulmonary bypass.

e) Serum potassium levels at the time of poAF episode

Factors related to intraoperative technigues

a) Intra-aortic balloon pump (IABP) use during the perioperative period was
recorded. This was as per decision of the operating team.

b) LV venting via Pulmonary vein. Left ventricle of the heart is drained / vented

by

the use of a cannula placed via the pulmonary vein. This has been reported to be a

risk factor for development of Atrial Fibrillation. This record was available from

surgical details of the patient after the surgery. However, none of the patients in the

study sample underwent LV venting via pulmonary vein.

¢) Asynchronous atrial or atrioventricular pacing. This is performed in patients wit

h

reduced heart rates caused due to various factors in the postoperative period. This

has been reported to prevent Atrial fibrillation.
d) Number of distal grafts placed during CABG

e) Coronary endarterectomy
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f) CPB time

g) Aortic cross clamp time

h) Duration of Operation

i) Need for IABP

j) Insertion of Swan Ganz catheter for CABG surgery
None of the patients underwent posterior pericardiectomy for prophylaxis against poAF.
The following outcome parameters were recorded.

a) Duration of Intensive Care Unit (ICU) stay,

b) Duration of hospital stay after surgery,

c) Renal dysfunction,

d) Infectious complications.

e) Death

f) Need for tracheostomy

Interventions: None

Outcome parameters: Postoperative atrial fibrillation is defined as entry into postoperative

charts / records of any atrial fibrillation. Renal dysfunction is assessed and described with
trends in serum creatinine as markers of disease. Atrial fibrillation was considered to have

preceded a complication if it occurred prior to the first day of diagnosis of the complication.

Sample size calculation: Most studies among adult patients after cardiac surgery found that the

incidence of new-onset postoperative atrial fibrillation was around 30%. Another multicentric
study among patients after CABG found the incidence was 30.5% (52). Assuming an incidence

of 30% in the study population, the sample size required for finding the incidence of
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postoperative atrial fibrillation with 80% power and error not exceeding 5% (95% confidence

interval) is 322. Expecting a dropout rate of 10%, the sample size would be 350.

Statistical analysis: For statistical analysis, the data was entered into Microsoft excel and

analysed using R version 3.6.3 (URL https://www.R-project.org/). Mean (SD) and percentages
were calculated for quantitative and qualitative data respectively. Categorical data association
with poAF outcome was assessed using Chi square test for difference between proportions.
Association of quantitative data was determined using independent sample t test. ROC curve
was plotted to determine the optimal cut off of CHA2DS2-VASc score for predicting poAF.
Risk factors evaluated in the study will

described (Mean, Standard deviation) and evaluated for association with Atrial using univariate
analysis. The difference in hospital stay, ICU stay, renal dysfunction and infectious
complications between patients with new onset atrial fibrillation and without atrial fibrillation

was assessed. p value of less than 0.05 was considered as statistically significant.
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Results

A total of 498 consecutive patients who underwent elective CABG starting from 01
January 2019 to 30 November 2019 were included in the study. In the final analysis, 465
patients were included. The reasons for exclusion are tabulated (Table 5).

A total of 73 patients (15.6%) developed new-onset postoperative atrial fibrillation
(poAF) after CABG in this study sample.

Data related to episodes of poAF are shown in table 6. The preoperative characteristics
of patients who developed poAF as well as those who did not develop poAF are tabulated in
Table 7. Similarly, perioperative characteristics are tabulated in Table 8. Outcomes studied in

the study sample are tabulated in table 9.

Table 5. Reasons for exclusion of study patients (n=33). These patients were planned for
elective CABG but were excluded from the study due to the additional interventions done based

on intraoperative decision making.

SERIAL REASON FOR EXCLUSION NUMBER
NO.

1 ASD closure along with CABG 1

2 AVR along with CABG 7

3 LA mass (excision/ biopsy done) / LA clot removed / 5
RA mass excision

4 Mitral valve surgery along with CABG 9

5 Preoperative supraventricular arrhythmias (in 4
operation theatre) / heart blocks

6 CABG along with LV apical clot removal / LV 4
aneurrhysmorrhaphy

7 CABG with MV repair and ASD closure 1

8 Aortic surgery (not planned preoperatively) 1

9 Intraoperative death (in OT, before arrival in ICU) 1

56




Table 6: Description of various parameters related to first onset poAF (n=73).

S. PARAMETER STUDIED DESCRIPTION
NO
First poAF onset POD (hours after ICU
admission) (hours)
Mean (SD) 49 (32)
Median 42 hours
Incidence of all poAF episodes between PO evening - 3.5%
postoperative evening upto discharge from | POD 1 - 21.7
hospital (%) POD 2-26.9
POD 3-19.1
POD — Postoperative day POD 4-13.1
POD5-8.7
POD6-1.7
POD7-17

POD 8 to hospital discharge - 3.5

Duration of first poAF (min)

Mean (SD)
Median 333 (342)
210
Successful management of first poAF
episode (n=73)
Amiodarone bolus only | 16.6%
Amiodarone Bolus + infusion | 78.3%
DC version + Amiodarone | 5%
K level at time of poAF
>=4 mEq/L 60.1%
< 4.0 mEg/L 39.9%
Mean (SD) 4.01 (0.32)
Median 4.0
Location first poAF
ICU 88.13%
Ward 11.86%
MgSO4 empirical therapy before onset of 86.6%
poAF within 3 hours (n=73)
VIS score at first poAF onset (n=73)
Mean (SD) 2.7 (4.23)
Median 0
Mechanical Ventilatory support at the time
of first poAF episode
Invasive Mechanical Ventilation 5.3%
Non-Invasive Ventilation 6.7%
Oxygen mask with supplementation 74.4%
Without any O2 supplementation 13.5%
Reintubation due to first episode of poAF NIL
IABP at first poAF onset (n=73) 3.5%
ICU readmission for poAF (n=73) NIL
Pacing at first onset poAF (n=73)
NIL 94%
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AOO pacing 3.3%
VVI 2%
Recurrence of poAF after successful 27 recurrences (37%)
treatment of first episode (n=73)
Time to recurrence of poAF after first
treatment of first episode of poAF (hours)

Mean (SD) 14.76 (14.6)
Median 8 hours
Therapy for recurrence of poAF (n=27)
Amiodarone infusion 92.5%
DC version +Amiodarone infusion 7.4%
Referred to Dept of Electrophysiology for 01 patient

paroxysmal AF
Postoperative day on which oral
Amiodarone was initiated for poAF along
with other therapy (Amiodarone infusion)
Mean (SD) 3.05(1.0)
Median 3

The first episode of poAF usually occurred on the second postoperative day after
CABG lasting a mean duration of about 333 minutes. Patients who develop poAF
were weaned off invasive mechanical ventilation and were on oxygen
supplementation by face mask (74.4%) at the time of onset of poAF. This was
successfully treatable with Amiodarone bolus followed by infusion in 78.3% of
the cases. The need for DC cardioversion was noted in 5% of the cases. Most first
episodes of poAF occurred while in ICU. Serum potassium levels were less than
the recommended level (4 mEg/L) in 39.9% of the patients. Recurrence of poAF
after successful treatment of first episode occurred in 37% of the cases, usually
after a median duration of 8 hours, These cases were successfully treated with

amiodarone infusion (92.5%).
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Table 7. Preoperative characteristics of patients included in the study sample.

S.NO PARAMETER POAF NO POAF TOTAL p value
GROUP GROUP SAMPLE
MEAN (SD) | MEAN (SD) | MEAN (SD)
N (%) N (%) N(%)
Age (years) 63.5+7.42 58.3+8.16 59.1+8.27 <0.001
Gender (n-465)
Male 65 330 395
Female 8 62 70 0.3749
Weight 69.2+11.7 66.9+9.7 67.3+10.1 0.13
Type of Surgery (n=465)
CABG on CPB 70 354 424,
Off-pump CABG 2 36 38 0.13
CPB beating heart 1 2 3
Preop Hemoglobin (Hb) 13.7+£1.58 13.8+1.57 13.8+1.58 0.42
baseline
Preop Creatinine (sCr) 1.27+0.5 1.16+0.5 1.18+0.72 0.13
baseline
eGFR (Cockgroft Gault 62.9+22.3 69.4+20.6 68.5+21 0.02
formula) (ml/min)
Dyslipidemia (n=465) 43 (58.9%) | 209 (53.3%) | 252 (54.2%) 0.45
Smoking (n=465) 15 (20.5%) | 83 (23.3%) 98 (21%) 1.0
Preop CKD 6 (8.2%) 12 (3.0%) 18 (3.9%) 0.07
Preop COPD / Chronic 3 (4.1%) 13 (3.3%) 16 (3.4%) 1.0
respiratory disease
Preop hypothyroidism 6 (8.2%) 17 (4.3%) 23 (4.9%) 0.26
(on Eltroxin
replacement)
CHA2DS2-VASc Score
Mean (SD) 3.3t1.4 2.4+1.2 <0.0001
0 0 14 14
1 7 72 79
2 16 126 142
3 16 103 119
4 20 58 78
5 9 17 26
6 3 2 5
7 2 0 2 <0.0001
8 NIL NIL NIL
9 NIL NIL NIL
C:CCForLV 27 (36.9%) | 85(21.6%) | 112 (24.1%) 0.007
dysfunction
H: Hypertension 50 (68.4%) | 244 (62.2%) | 294 (63.2%) 0.37
A2: Age > 75 years 5 (1.2%) 5 (6.8%) 10 (2.2%) 0.01
D: Diabetes Mellitus 57 (78%) | 250 (63.7%) | 307 (66%) 0.025
S2: Prior Stroke/TIA 7 (9.5%) 18 (4.5%) | 25 (5.4%) 0.14

59




V: Vascular disease 49 (67.1%) | 183 (46.6%) | 232 (49.9%) 0.002
(PAD/MI/Aortic plague)
A: Age 65-74 30 (41%) 92 (23.4%) | 122 (26.2%) 0.002
Sc: Sex category Female 8 (10.9%) 62 (15.8%) | 70 (15.1%) 0.3749
NYHA class

1 o 22 29 (6%)

2 55 343 398 (85.6%) 0.43

3 11 27 38 (8.2%)

4 NIL NIL
Preop RCA > 90% 42.2% 16.8% 97 (20.8%) | <0.001
occluded on coronary
angiography
TTE LV ejection 59.1 60.0 0.54
fraction (number)
LA size (TTE PLAX) 35.24 34.17 0.049
Ao size (TTE PLAX) 29.17 28.8 0.51
Preoperative Ranolazine 11 (15%) 51 (13.01%) | 62 (13.3%) 0.634
therapy (n=465)

Figure 7. ROC curve for CHA2DS2-VASc score for predicting new-onset poAF
(AUC 0.672). CHA2DS2-VASc of 3 was the suggested cut-off for predicting
new-onset poAF after cardiac surgery.
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Table 8. Perioperative characteristics of patients included in the study sample.

S. | Parameter POAF NO POAF TOTAL p value
NO. GROUP GROUP SAMPLE
MEAN (SD) | MEAN (SD) MEAN
N (%) N (%) (SD)
N(%)
Preop CMICU / HFICU 6 (8.2%) 20 (5.1%) 26 (5.6%) 0.43
admission (n=465)
Ward stay before surgery 43 (49.1) 38.8(26.7) | 39.5(31.3) 0.47
(hours)
Operation duration (hours) 6.1 (1.2) 6.3 (1.8) 6.1(1.32) 0.28
CPB time (min) 105 (26) 107 (23.3) | 107 (23.8) 0.41
(n=427)
CPB reinstitution (if any) 4 (5.6%) 12 (3.3%) 16 (3.7%) 0.56
after first CPB run
(n=427)
Aortic cross-clamp time 53.7 (13) 57.6 (14.2) 57 (14.2) 0.02
(min)
Number of grafts during 3.8 (0.98) 3.8 (0.90) 3.8(0.9) 0.86
CABG
Coronary Endarterectomy 1 (1.3%) 7 (1.7%) 8 (1.7%) 1.0
Need for IABP 3 (4.1%) 12 (3%) 15 (3.2%) 0.91
Swan Ganz catheter use 1 (1.3%) 4 (1.0%) 5 (1.1%) 1.0

The factors associated with development of poAF after CABG in the present study were

advanced age, diabetes, lower eGFR, higher CHA2DS2-VASc score, higher LA size by TTE

and prolonged aortic cross clamp time. The optimum cut-off of CHA2DS2-VASc score for

prediction of poAF after CABG was 3 (AUC ROC 0.67).
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Table 9.

Outcomes studied

S.No

Parameter

POAF GROUP

NO POAF

TOTAL

p value

MEAN (SD)
n (%)

GROUP

SAMPLE

MEAN
(SD)
n (%)

MEAN (SD)

n (%)

Hosp stay after
surgery (ICU +
Ward) (hours)

198 (202)

1305
(68.3)

141 (104)

0.005

Total hosp stay
(days) (preop + post
op)

10.38 (8.42)

7.36 (3.11)

7.84 (4.52)

0.003

ICU stay after
surgery (hours)

125.4 (104.3)

67.43
(42.0)

76.5 (60.2)

< 0.0001

Ward stay after
surgery (hours)

73 (137.4)

63.1 (49.5)

64.7 (70.8)

0.54

Death

1 (1.3%)

6 (1.5%)

7 (1.5%)

1.0

Peak serum (sCr)
creatinine

(absolute) upto POD
7

1.82 (0.9)

1.43 (0.55)

1.49 (0.63)

0.0005

Peak % rise sCr
from baseline by
POD 7

43.8 (40.3)

27.2 (37.8)

29.9 (38.6)

0.0015

POD on which sCr
rise to peak

2.49 (2.2)

1.98 (1.0)

2.07 (1.3)

0.064

Any infection upto
POD 28

11 (15%)

28 (7.1%)

39 (8.4%)

0.04

Amiodarone at
hospital discharge
(n=458 due to 7
deaths before
discharge)

68 (94.4%)

4 (1%)

72 (15.7%)

<0.0001
One
patient
referred

for holter

monitoring

Warfarin at hospital
discharge

(n=458 due to 7
deaths before
discharge)

3 (4.1%)

13 (3.3%)

16 (3.5%)

1.0

LMWH at hospital
discharge

(n=458 due to 7
deaths before
discharge)

2 (0.4%)

0.7

Renal replacement
therapy during
postoperative
hospital stay

4 (0.9%)

0.22

Need for
Tracheostomy

3 (0.6%)

0.001

62




Reintroduction of
of Beta blockers in
postoperative period

(n=73)
Restarted 71 383 454
Death One death Deaths 6 Deaths 7
Not started till | Not started in one | Not started | Not started P=0.85
hospital discharge patient in3 in 4 patients
patients

Postoperative day
on which Beta
blocker therapy was
restarted (POD
number) 3.29(2.22) | 2.82 (1.22) p=0.0108
Mean (SD) 3 2
Median

Patients developing poAF after CABG had prolonged ICU stay and hospital stay
after surgery. The peak rise in serum creatinine was higher in poAF group.
Majority of the patients (94.4%) were administered oral Amiodarone at hospital
discharge. Preoperative Ranolazine therapy was not associated with poAF after
CABG. All patients on preoperative betablocker therapy were continued thee
same till the time of surgery. The POD on which betablocker therapy was
reintroduced was 3.29£2.22 in patients who developed poAF compared to
2.82+1.22 days in patients who did not develop poAF. This difference was

statistically significant.
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Table 10. The various perioperative factors included in the present study have been tabulated
into two categories, one which are associated with poAF after CABG and others which are not.

Perioperative factors for association with poAF after CABG
(considered statistically significant association when p<0.05)

a) Advanced age a) Gender (0.37)
- Age (0.001) b) COPD (1.0)
- Age > 75 years (0.01) c) Hypothyroidism (optimized before
- Age 65-74 years (0.002) surgery) (0.26)
- Age > 50 years (0.009) d) Hypertension (0.37)
b) Preexisting CKD (0.07) e) Previous Stroke / TIA (0.14)
c) NYHA class (0.04) f) Baseline hemoglobin (0.42)
d) Congestive cardiac failure (0.007) g) Baseline serum creatinine (0.13)
e) Size of LA on TTE (PLAX view) h) Dyslipidemia (0.45)
(0.04) i) Smoking (1.0)
f) Diabetes mellitus (0.027) j) LV ejection fraction (0.54)
g) Vascular disease  (Ml/Peripheral K) Perioperative Ranolazine therapy
vascular disease/Aortic plaque) (0.002) (0.63)
h) RCA occlusion > 90% on preoperative I) Swan-Ganz catheter insertion
CAG (0.001) during CABG surgery (1.0)
i) Baseline Creatinine clearance (eGFR) m) Need for IABP (0.9)
(0.02) n) Coronary endarterectomy (1.0)
J) Aortic cross clamp time (0.02) 0) Preoperative ICU admission (0.43)
k) CHA2DS2-VASc Score (0.0001) p) Duration of Preoperative ICU
I) Beta-blockers were restarted later in admission (0.754)
patients who developed poAF (0.001) q) Duration of operation (0.28)
r) CPB time (0.41)
s) Number of grafts (0.86)
t) CPB reinstitution (0.56)
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Table 11. The various outcome parameters included in the present study have been tabulated
into two categories, one which are associated with poAF after CABG and others which are not.

Outcomes studied for association with poAF after CABG
(considered statistically significant association when p<0.05)
a) Prolonged duration of postoperative a) Postoperative duration of stay in
stay in ICU (0.001) ward (0.54)
b) Prolonged duration of hospital stay b) Death (1.0)
after surgery (hours) (0.005) c) Infection upto 28 days after surgery
c) Prolonged duration of hospital stay (0.441)
after surgery (days) (0.003) d) Renal replacement therapy (0.27)
d) Higher peak serum creatinine level in
first 7 days after surgery (0.004)
e) Postoperative day when peak serum
creatinine rise was observed was
earlier in poAF group (0.06)
f) Tracheostomy (0.001)
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Discussion

Incidence of poAF after CABG

The incidence of poAF in our study (15.6%) was lower than the usual expected

incidence between 20% and 60% reported in literature. However, it is similar to incidence

noted among Indian subset of patients (15%) in a large multinational study reported by Mathew

et al in 2004 (8). However, this incidence has not changed from the incidence reported by

Mathew et al in spite of the medical advances in the last decade. This lack of variation was

pointed out earlier in a study of epidemiology of atrial fibrillation after CABG by Filardo et al

(25).

Description of poAF characteristics.

a)

b)

First poAF after ICU admission (hours). The first onset of poAF was after a mean
(SD) duration of 49 (32) hours after ICU admission (Median 42 hours). This was
similar to the previous report by Farouk Musa et al (58) (Mean (SD) 45(33) hours)
and Filardo et al (Median 52 hours) (25). The longest duration after which poAF
developed after CABG was 14 days. Most episodes occurred on POD 2 after

CABG. The exact reason for this is not known.

Duration of first poAF episode. The first episode of poAF after CABG lasted for a
mean duration of 333 minutes (Median 210 minutes), which was comparable to the

earlier reported mean duration of seven hours by Filardo et al (25).

Successful management of the first poAF. Management of poAF in our institution
was carried as per the latest existing guidelines. Majority of the patients (78.3%)
were successfully treated with Inj Amiodarone given as a bolus and then followed

by infusion. DC cardioversion was necessary for treatment of poAF in 5% of the
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d)

9)

patients. All these patients received Amiodarone infusion after DC cardioversion.
This shows that majority of patients do not suffer serious first episodes of poAF
after CABG, that warrant DC cardioversion. Majority of the episodes can be
managed successfully with Amiodarone alone. However, DC cardioversion should
be available for the occasional unstable patients, which amounted to 5% in the

present study.

Potassium level during poAF. It is recommended to maintain serum potassium
levels above 4 mEq/L to prevent poAF after cardiac surgery (82). In our study,
39.9% of patients who developed poAF were found to have serum potassium levels
below 4mEqg/L. The mean potassium level (mEqg/L) noted was 4.01 (0.32). In the
study unit, all patients with serum potassium levels lower than 4 mEg/L were
routinely administered adequate correction to maintain potassium levels above 4

mEq/L.

Location of first poAF episode. The location of first poAF episode was ICU in
majority of the cases (88.1%). Nevertheless, it is important to stress upon the fact
that adequate monitoring should be continued till hospital discharge since the 11%

of patients developed poAF after shifting from ICU to postoperative ward.

Ventilatory status during the first poAF. Majority of patients (87%) were weaned
off invasive ventilatory support when they developed poAF after CABG. Hence,
monitoring of patients who have been weaned off ventilatory support for poAF is

important.

Empirical MgSO4 before poAF. Majority (88.3%) of patients received empirical
Magnesium supplementation after detection of poAF or have received

supplementation within previous 3 hours of onset of poAF. Routine
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h)

)

K)

supplementation with Magnesium is not followed in the study unit and serum
Magnesium levels are not routinely evaluated in the study unit. However,
magnesium supplementation is routinely administered intraoperatively in all cases
immediately after opening of aortic cross clamp on CPB. Decision to administer
empirical magnesium therapy was with the team providing intensive care at the time

of onset of poAF.

Reintubation for poAF. There were no episodes of poAF which required

reintubation. DC cardioversion was always performed under sedation.

ICU readmission for poAF. There were no instances of ICU readmission for
treatment of poAF among patients who developed poAF while in the ward. These
episodes of poAF were managed in the postoperative ward without any reported
adverse events. Hence, it is important to have adequate facilities in ward for

detection and management of poAF after CABG.

Pacing at the time of poAF. Majority of patients were not being paced
prophylactically at the time of onset of poAF. The study unit did not practice
prophylactic pacing for all patients uniformly. The need to provide atrial pacing
was decided, on a case to case basis, by the operating team. However, prophylactic
biatrial pacing has been reported to be an effective method for preventing poAF

(39).

Recurrence of poAF (%). The recurrence rate of 37% after successful treatment of
first episode noted in our study sample was similar to the previous report by Filardo
et al (25). This means that one in three patients is likely to develop recurrence of
poAF. Hence, patients who develop poAF should be monitored closely even after

successful treatment of first episode of poAF.
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I) The time between cessation of first poAF and recurrence. The mean duration for
developing recurrence of poAF after successful treatment of first episode of poAF
was 14.7 hours (Median 8 hours). This data highlights the importance of continued

monitoring for development of poAF even after successful therapy of first episode.

m) Successful therapy for recurrence of poAF. Recurrence of poAF was successfully
treated in majority (92.5%) of patients with Amiodarone infusion. However, one
patient was referred to electrophysiology specialist for evaluation of paroxysmal

atrial fibrillation developed postoperatively after CABG.

n) POD for starting Amiodarone therapy after surgery. Majority of patients in our
study (94.4%) suffering poAF were initiated on oral Amiodarone therapy for
treatment of poAF after completion of infusion of Amiodarone as per institutional
protocol. This was usually initiated on third postoperative day, as noted in this study

sample.

This study of characteristics of poAF developing after CABG reveals that most patients
develop poAF within the first 3 days after surgery, usually after being completely weaned off
ventilatory support in ICU and majority can be treated using amiodarone including one third
of patients who develop recurrence. However, this does not preclude the necessity for DC
cardioversion for severe cases. Patients who have developed an episode of poAF earlier should
be monitored closely for recurrence till hospital discharge. Postoperative wards should be

adequately equipped for detection and management of poAF with Amiodarone infusion.

Factors associated with poAF

The factors included in the present study for association with poAF after CABG are tabulated

in table 10.
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a)

b)

d)

Advanced age: Elderly patients have been reported to be at higher risk of poAF. In
our study, mean age of patients who developed poAF after CABG was significantly
higher (63.5£7.4) when compared to patients who did not develop poAF after
CABG 58.3£8.1) (p<0.001) (Table R3). Similarly, patients older than 75 years
developed poAF (50%) more often that patients younger than 75 years (19%). This
increased risk of poAF in elderly individuals was similarly demonstrated in

previous studies (65).

Preexisting chronic kidney disease (defined as Creatinine clearance < 60ml/min per
1.73 m? BSA\) is associated with higher incidence of poAF in our study population.
In addition, lower preoperative creatinine clearance was significantly associated
with poAF. These findings are similar to the earlier reports where patients with

lower creatinine clearance were at higher risk of poAF after CABG (17).

NYHA Class and Congestive cardiac failure were associated with poAF in the study
sample. Similarly, LA size reported on preoperative TTE (PLAX view) was
associated with poAF. CCF has been investigated as part of CHA2DS2-VASc score
for predicting development of poAF after CABG (13). Increasing LA size in the
absence of valvular heart disease can be considered as an sign of congestive heart
failure. Left Ventricular Ejection Fraction, which is a marker of LV systolic
function, is not associated with poAF after CABG in the present study sample

(p=0.54).

Diabetes has been found to be associated with poAF after CABG in the study
population (p=0.027). This has also been investigated as part of CHA2DS2-VASc

score for predicting development of poAF after CABG (13).
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e)

9)

Vascular disease consisting of either myocardial infarction, peripheral arterial
disease or aortic plaque was significantly associated with poAF after CABG. This

factor has also been reported to be associated with poAF after CABG (p=0.0002).

On coronary angiography, the extent of RCA occlusion, if more than 90% was
significantly associated with development of poAF after CABG (p=0,001). This is
probably explained by the blood supply provided by RCA to sino-atrial node in

majority of cases.

Smoking, COPD or Chronic respiratory disease are not associated with poAF after
CABG in the study population. In a previous study of 756 patients (61), poAF after
CABG developed in 20% of patients with pre-existing COPD. However, this was
not statistically different when compared to patients without COPD. Out study
findings are similar to previous findings. Hypothyroidism (on Eltroxin replacement
therapy) was not associated with significantly different poAF after CABG (p=0.26).
Multiple studies have evaluated male gender as a risk factor for poAF after cardiac
surgery. However, male gender is not consistently reported to be associated with
poAF after cardiac surgery (1) (23). Atrial fibrillation risk score provides separate
scoring systems for both genders for prediction of poAF after cardiac surgery(27).
Our study results suggest that there is no significant difference between males and
females for developing poAF after cardiac surgery. Hypertension was found to be
associated with poAF after CABG in published literature (1)(27). However,
hypertension was not added to final predictive model developed using statistical
methods like Atrial fibrillation risk score. In our study, hypertension was not
associated with poAF after CABG. Previous history of Stroke / TIA was not

associated with poAF after CABG in our study sample. However, poAF has been
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h)

associated with increased risk of stroke after CABG (60). Baseline hemoglobin

level was not associated with poAF in the present study.

CHA2DS2VASc Score. This score was evaluated in the present study for ability to
predict poAF after CABG. The possible score ranges between 0 and 9. The mean
score was 3.3x1.4 in patients developing poAF compared to 2.45+1.20 in patients
without poAF. This difference was found to be statistically significant (p<0.0001).
This difference was similar to results reported by Kashani et al (13). The area under
ROC curve in the present study was 0.67 with an optimal cut-off of 3 for prediction
of poAF after CABG. However, this was similar to the results from a recent meta-
analysis of 12 studies involving 18,086 patients where the ROC AUC of this score
was 0.76 (95% CI1 0.72 — 0.79) (10). This difference could probably be attributed to
the demographic differences in the incidence and risk factors for poAF after cardiac

surgery.

Perioperative Ranolazine therapy, as a short course therapy, has been reported to
reduce the incidence of poAF after CABG (43). In the present study, patients who
were on preoperative Ranolazine were evaluated for association with poAF after
CABG. The difference in the incidence of poAF among patients who were
continued on pre-existing Ranolazine therapy was not found to be different from
those patients not on preoperative Ranolazine therapy (p=0.63). This difference
could probably be attributed to the difference in recommended dosage of
Ranolazine (1000mg twice a day or combination of oral and parenteral therapy) as
well as continuation of this therapy in the postoperative period for 7 days
recommended for poAF prophylaxis compared to the usual dosage being used by
patients as an anti-anginal medication (500mg twice/thrice a day) in this

observational study. In addition, the low number of patients (13%) in the entire
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)

k)

study sample who were on preoperative Ranolazine therapy could also contribute

to this result.

Reintroduction of beta-blockers after cardiac surgery has been suggested as a part
of care bundle for prevention of poAF after cardiac surgery (82). Restarting
betablocker therapy within 48 hours is associated with reduced incidence of poAF
after cardiac surgery(81). In the present study, there was no difference in the
numbers of patients in whom betablockers were introduced after CABG (p=0.85).
However, beta blockers were reintroduced later (3.29 days vs 2.82 days; p=0.01) in
among patients who developed poAF compared to patients who did not develop
poAF. In a recently reported prospective study with 663 patients, the incidence of
POAF after cardiac surgery was 44% with the median duration before reintroduction
after surgery was reported to be 49.5 hours (81). The reasons for failure to
reintroduce therapy have been reported(82). The present study did not include
collection of data related to barriers for non-reintroduction of betablocker therapy.
However, the investaigators have noticed that the most common reasons were

ongoing inotrope support and low heart rate (< 60/min)

Preoperative ICU admission, Preoperative ICU stay (hours), Operation duration and
CPB time, CPB reinstitution after first CPB run, number of distal coronary grafts,
IABP use, use of Swan Ganz catheter intraoperatively and coronary endarterectomy
did not affect the incidence of poAF in the present study. This was similar to
previously reported results (76). Patients who developed poAF were reported to
have higher rates use of IABP (55). This assoictation was not detected in the present
study. CPB duration more than 120 minutes was included as a factor for atrial
fibrillation risk score system (9). In the present study, Aortic cross clamp time was

associated with poAF after CABG (p=0.02).
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1)

Outcomes

a)

b)

CABG on CPB, OPCABG, CPB with beating heart. There was no difference in
poAF after CABG among patients undergoing either CABG using CPB, Off pump
CABG or CABG on beating heart with CPB (p=0.1325) in the present study. Some
earlier recommendations suggested that OPCABG was associated with reduced
incidence of poAF (39). However, recent literature suggests that there is no
difference in terms of poAF between patients who undergo OPCABG versus

patients undergoing CABP on-pump (55).

Postoperative stay in ICU (hours) and overall duration of hospital stay after surgery
(hours) (number of days) were significantly longer in patients who developed poAF
after CABG. This prolongation of ICU stay and hospital length of stay is consistent
with existing literature (1)(7)(55). However, the duration of stay in the ward after
ICU stay was not different between patients who developed poAF and others
(p=0.54). This may be attributed to additional hospital stay for certain unrelated
factors like optimization of glycemic control and other administrative issues. The

present study does not include collection of these parameters.

Death after surgery. A total of seven deaths occurred among all patients included in
the study. There is no significant difference in occurrence of death before hospital
discharge between patients who developed poAF and patients who did not develop
poAF (1.5% vs 1.3%; p=1.0). However, poAF has been reported to be associated

with increased incidence of death in some earlier studies (55).

Renal dysfunction has been uniformly reported to be associated with poAF after
cardiac surgery. Peak Serum Creatinine (absolute rise from baseline as well

percentage rise from baseline) within 7 days after surgery is significantly higher in
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d)

patients who developed poAF when compared to patients who did not develop
poAF (p<0.001). The peak rise in serum creatinine occurred between second and
third day among patients who developed poAF as well as patients without poAF
(2.49+2.24 vs 1.98+1.06; p=0.06). The number of patients requiring dialysis during
hospital stay after CABG was 0.9%. The requirement of dialysis among patients
was 2.7% among patients developing poAF when compared to 0.5% among patients
who did not develop poAF. However, this difference was not statistically significant
(p=0.27). Hence, renal dysfunction associated with poAF is higher among patients

developing poAF but without higher need for renal replacement therapy.

Infection up to POD 28 after surgery occurred in 15% of patients who developed
poAF when compared to 9.1% of patients without poAF. This difference was
statistically significant (p=0.041). This finding is consistent with the existing

literature.

Tracheostomy was performed during hospital stay in three patients included in the
study sample. All these patients had an episode of poAF. This difference was
statistically significant (p<0.01). This association of need for tracheostomy with

poAF after CABG is consistent with existing literature (3)(1).

Limitations.

The study was conducted at a cardiac surgical unit without rigid protocols for prevention of
poAF after CABG. Contemporary surgical methods for poAF prevention like posterior
pericardiectomy and active chest tube drainage could not be evaluated as these techniques were
not practiced in the unit. Intensive care protocols for routine assessment of serum magnesium
levels and its supplementation were not practiced. Hence, these factors could not be studied.

However, magnesium sulphate was administered in all cases after opening of aortic cross clamp
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during CPB. Therapy for poAF using broad principles of managing stable poAF with
Amiodarone and unstable poAF with DC cardioversion was followed, although this varied
depending on the physician managing the patient. No data regarding the efficacy of drugs such
as Ibutilide or Digoxin for management of poAF could be generated as these drugs are not
routinely administered in this unit. In the study unit, Preoperative betablocker therapy was
continued in all cases, however the reintroduction of betablocker therapy after surgery was not
uniform, usually due to the either continued requirement of inotropic support requirements or
low heart rate. The significant difference in the time of reintroduction of beta-blockers noted
between patients who developed poAF and others who did not, could not be evaluated further
due to other limiting factors such as intropes and lower heart rate. Long-term follow-up of
patients who developed atrial fibrillation after CABG in terms of their morbidity, hospital
readmission, mortality, need for anti-arrhythmic therapy and cardiac function were not planned

as part of this study.
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Conclusion




Conclusions

The present study conducted at a large tertiary care cardiac centre found that
15.6% of patients undergoing isolated CABG developed new-onset poAF.
Advanced, lower eGFR, diabetes mellitus, vascular disease and larger LA size
are associated with development of poAF after CABG in the study sample. The
use of CHA2DS2-VASc score with a cut-off of 3 for prediction of poAF has been
found feasible.

The episodes of poAF after isolated CABG usually occur on 2™ day after surgery
usually lasting about 4 to 6 hours and are successfully treatable with infusion of
Amiodarone. Most episodes of poAF have occurred during ICU stay, after
weaning off mechanical ventilatory support and usually after tapering off
inotropic supports. Recurrence of poAF occurs in 37% of patients after first
successful treatment of first episode. This occurs usually about 8 hours after
treatment of first episode and is treatable with Amiodarone. No episodes of
reintubation or readmission to ICU due to poAF have occurred in the study
sample.

Development of poAF is associated with prolonged ICU as well as hospital stay,
elevated serum creatinine levels, increased infectious complications and need for
tracheostomy. There is no association with mortality, need for renal replacement

therapy, or need for IABP associated with poAF after CABG.
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b) Consent form

CONSENT FORM

I, , (Participant’s name)

Age (in years) / Born on (Date of Birth)

Son / daughter / wife of

declare that | have read the information provided to me regarding the study titled ‘A STUDY OF INCIDENCE
AND RISK FACTORS FOR NEW ONSET POSTOPERATIVE ATRIAL FIBRILLATION AMONG ADULT
PATIENTS UNDERGOING ELECTIVE CORONARY ARTERY BYPASS GRAFTING SURGERY” in patient

information sheet:

* | have been clarified about any doubts that | had. [ ]

* | also understand that my participation in this study is entirely voluntary and that | am free to
withdraw permission to continue to participate at any time without affecting my usual treatment
or my legal rights [ ]

* |l understand that the study staff and institutional ethics committee members will not need my
permission to look at my health records even if | withdraw from the trial. | agree to this access

[]

* |l understand that my identity will not be revealed in any information released to third parties
or published [ ]
e | voluntarily agree to take part in this study [ ]

1) I received a copy of this signed consent form [ ]
(Please tick boxes)

Signature:

Name:
Date:

Name of witness:
Relation to participant:

Person Obtaining Consent
| attest that the requirements for informed consent for the medical research project described in this form
have been satisfied. | have discussed the research project with the participant and explained to him or
her in nontechnical terms all the information contained in this informed consent form, including any
risks and adverse reactions that may reasonably be expected to occur. | further certify that | encouraged
the participant to ask questions and that all questions asked were answered.

Dr. Devarakonda Bhargava Venkata,

Senior Resident, Cardiothoracic & Vascular Anaesthesia,

Department of Anaesthesiology,

Sree Chitra Tirunal Institute for Medical Sciences & Technology (SCTIMST).
Trivandrum
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Consent form (Malayalam)
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c) IEC approval letter

3 Rream=gRe - §34099, ¥va, fEam
SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
Thiruvananthapuram - 695 011, Kerala, India
(An Institute of Nationa! Importance under Got. of India)

Grams : Chitramet, Phone : +31-471-2643152, Fax : 491-471-2550728 / 2446433, E-mail n, Website ! Imstacin
Institutional Ethics Committee
(IEC Regn No. ECR/189/InstKLI2013/RR-16)
SCTAEC/244/AUGUST-2018 07.09.2018
Dr. Devarakonda Bhargava Venkata
Senior Resident
Department of Anaesthesiolegy

SCTIMST, Thiruvananthapuram
Dear Dr, Devarakonda Bhargava Venkata,

Tha Ineititional Fiics Committas reviewad and discussed your application to conduct the study entitied ‘A STUDY
OF INCIDENCE AND RISK FACTORS FOR NEW ONSET POSTOPERATIVE ATRIAL FERILLATION AMONG ADULT
PATIENTS UNDERGCING ELECTIVE CORONARY ARTERY BYPASS GRAFTING SURGERY (IEC/1244)" on 17* August,
2018.

The were

iginal submission

e

Covering lafter addressed fo Ihe Secrefary, EC, SCTIMST deled 21.07.2018 with checkiist
TAC Approval Letisr

(EC Application Form

Project Propasal

Cbsenation charl

Declaration Form

Patient information Sheet and Consent Form in Engish and Matayaiam

CV of Principal and Co- Principal investiy,

Revised submissian

[ T

Covering letter gedressad fo the Membar Secretary, IEG, SCTIMST dafed 28062018 wilh chackisf
TAC Approval Leffer

[EC Appiication Form

Projct Proposal

Observation chart

Decfarafion Form

Patiant Information Shee! and Consent Form in EngVsh and Malayalam

CV of Principa! Investigator and Co- Principal investigalors

The following members of the Ethics Committee were present at the meeting held on 17t August, 2018 at

G. Parthasarathi Board Room, AMCHSS, SCTIMST

i Gender  Scientific Non Scientific Affiliation with
::ﬁ g it Institution(s)
1. Dr.RVGMenon M Tech, PhD Male Lay Person No
(Chairman)
2. Dr.V.Raman Ku M D, MPhil, MPH Male Health Sciences Yes
" Expert/Clinician
3. Dr. KRS Krshnan ME,PhD Male Medical Technology Yes
4, Dr.RemaM.N MD Female  Basic Medical Scientist No
5. Dr. Mala Ramanathan PhD Female  Social Scientist Yes
(Member Secretary)

|EC Decision
The IEC approved the conduct of the study in the present form,

Remarks:
The Institutional Ethics Committee expects to be informed about the progress

of the study, any SAE occurming in the

course of the study. any changes in the protocol and patient information/informed consent and asks to be prowded a

copy of the final report.

There was no member of the study team who participated in voting / decision making process. The ethics committee
i ized d ding to the requi

of Good Clinical

is org and op g to !
Indian Counc of Medical Research (ICMR)
Sincerely,

L —
Mala Ramanathan
Member Secretary, IEC

Practice and the requirements of the

Paga 20f2
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d) CTRI Registration

CLINICAL TRIALS REGISTAY - INDIA ’,'./', je SRR PDF of Trial
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CTRI Number
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onda Bhargava

Designation Senior Resident, Cardiothoracic Vascular Anesthesia

|Affiliation Sree Chitra Tirunal Institute for Medical Sciences and Technology,
Trivandrum 625011

Address Department of Anesthesia, Sree Chara Tirunal Insttute for Medical
Sciences and Technology, Trivandrum - 685011
Thiruvananthapuram
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825011
India

Phone ]8135855155

Fax |
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