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Abstract: Postoperative atrial fibrillation (POAF) in relation to abdominal surgery can

cause clinical deterioration, prolonged hospitalization, admittance to intensive care units,

stroke and increased mortality. The current review focus on patients developing POAF in

relation to abdominal surgery and aims to present the current knowledge on predictors of this

condition. Furthermore, predictors identified in other surgical populations that may be

transferable and guide future research within the field of abdominal surgery will be pre-

sented. A systematic literature search of patients undergoing abdominal surgery and devel-

oping POAF was performed on PubMed and Embase. All types of study interventions,

comparators and designs were included. All studies included reported POAF as primary or

secondary outcome. All peer-reviewed English full-text manuscripts regardless of publica-

tion date were included. We included five studies out of the 149 unique records identified.

Age, congestive heart failure, hypertension, vascular disease and surgical approach are risk

factors associated with the development of POAF. Furthermore, inflammation biomarkers,

dobutamine stress echocardiography and cardiac single-photon emission computed tomogra-

phy can predict POAF. Insights from other surgical cohorts reveal that other biomarkers (ie,

brain natriuretic peptide (BNP) and N-terminal pro-BNP), electrocardiography and echocar-

diography can be used to predict POAF and may be applied in future research projects within

the field of abdominal surgery. In conclusion, very scarce evidence is currently available in

predicting POAF after abdominal surgery. However, predicting POAF seems possible and

feasible, why the authors encourage readers to initiate new research to close the current

knowledge gap and improve clinical management.

Keywords: postoperative atrial fibrillation, surgery, biomarkers, electrocardiogram,

echocardiography, complications

Introduction
Postoperative atrial fibrillation (POAF) is defined as “new onset of atrial fibrillation

(AF) (usually self-terminating) after major (typically cardiac) surgery in patients

[…] with no prior history of AF”.1 POAF also occur in 4–17% of patients under-

going abdominal surgery.2–5 The wide range represents a heterogenous population;

procedures vary from elective colon cancer surgery with little cardiac comorbidity

(4.4%) to emergency abdominal surgery in patients with known cardiac comorbid-

ity (stable coronary artery disease) (17.2%).2–5 Furthermore, there are issues

regarding surgical approach (open vs laparoscopic), method of diagnosing POAF

(clinical symptoms, noted by clinical staff, 12-lead ECG with AF at one time point,
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sustained or repetitive arrhythmia/AF, etc.) and additional

comorbidities.4 POAF is associated with increased risk of

hemodynamic instability, heart failure, pulmonary edema,

stroke and mortality. Prediction and early diagnosis of

POAF after abdominal surgery might lead to less post-

operative complications, reduced length of hospitalization

and prevention of admittance to Intensive Care Unit,

which is important for both patients and community.2–6

The most recent guidelines from the European and

American Societies of Cardiology have no specific recom-

mendation regarding management of POAF.1,7 In some

cases, surgeons may refer patients to an outpatient cardi-

ology clinic for further diagnostic examinations. However,

this current practice potentially delays treatment and

increases the risk of complications.8,9

Current risk-stratification models for POAF after non-

abdominal surgery primarily rely on clinical data, ie,

demography and comorbidities.10,11 Addition of preopera-

tive paraclinical information such as biomarkers in blood

or urine, electrocardiograms (ECGs) or cardiac imaging

might improve the predictive abilities.12,13 A robust model

able to predict POAF could improve clinical management

of patients undergoing abdominal surgery.4,5 The review

objective is to present an overview of the current knowl-

edge on predictors of POAF in relation to abdominal

surgery, including lessons from other types of surgery, to

aid clinicians and encourage future research projects.

Methods
The review was based on a systematic literature search of

studies presenting data on patients undergoing abdominal

surgery and developing POAF. All types of study inter-

ventions, comparators and designs were included. All stu-

dies included reported POAF as primary or secondary

outcome. All peer-reviewed published English full-text

papers were included regardless of publication date.

PubMed and Embase were searched for the following

MeSH terms: ((surgery (as defined below) AND atrial

fibrillation) AND (predict)). The following types of sur-

gery were included general, abdominal, gastrointestinal,

gastric, duodenal, colonic, colorectal, and rectal. The latest

search was performed on 26 September 2019.

After acquisition of the full literature list, duplicates

were removed (Figure 1). Abstracts were subsequently

screened for eligibility by relevance of population and

outcome. Eligible studies included patients undergoing

abdominal surgery (as defined above) and presented the

prediction of POAF as the primary or secondary outcome.

Studies were labelled with “other outcome” if they did not

present POAF as primary or secondary outcome, and with

“other population” if they did not include any patients

undergoing abdominal surgery; both of which led to exclu-

sion from the current review. Protocols and editorials were

excluded. No quantitative analysis was performed.

Results
The literature review revealed a total of 205 records of

which five were eligible for qualitative synthesis

(Figure 1). Two studies were insufficiently described for

evaluation and one relevant study was identified via refer-

ence lists (Figure 1).

Studies were heterogenous in both population sampling

and methods applied (Table 1). Studies included patients

undergoing a variety of surgery; from colorectal cancer

surgery, to liver transplantation, and general (non-speci-

fied) abdominal surgery (Table 1). Preoperative AF was

primarily excluded by review of patients’ medical history

or a single preoperative ECG. Two studies (Alonso-Coello

et al and Nicolau-Raducu et al) did not describe exclusion

of patients with preoperative AF. Two studies applied

postoperative ECGs in attempt to diagnose asymptomatic

POAF, while three studies did not; no studies have used

postoperative continuous heart rhythm monitoring.

Based on two studies (N=563 and N=2970), patients

undergoing abdominal surgery have an increased risk of

developing POAF if they are older (OR 1.03 [CI 1.01–

1.06]), have congestive heart failure (OR 3.04 [CI 1.88–

4.92]), hypertension (OR 1.72 [CI 1.19–2.51]), or vascular

disease (OR 2.29 [CI 1.39–3.37]), and if they undergo open

(vs laparoscopic) surgery (OR 3.3 [CI 1.3–8.0]) (Table 1).5,14

One study has developed a simple risk-prediction model for

POAF based on information of age and type of surgery.15 The

risk-prediction model includes age-interval (65–74 years

(two points), 75–84 years (three points) or >85 years (four

points)) and surgery type (Intra-abdominal (one point), major

vascular (two points), or intrathoracic surgery (three points)).

Points correspond to one of four categories with incidence of

POAF ranging from 0.5% to 5.3% (C statistics 0.69, good-

ness-of-fit test p=0.87).15

One study examined pre- and postoperative levels of

C-reactive protein (CRP) and interleukin-6 (IL-6) and the

association with POAF.16 High levels of IL-6 (>432 pg/

mL) at day 1 after surgery were associated with an exten-

sive composite endpoint of different complications (mor-

tality, pneumonia, sepsis, anastomotic dehiscence, wound

infection, noncardiac respiratory failure, AF, congestive
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heart failure, myocardial infarction, and reoperation within

30 days of surgery) (OR 3.3 [CI 1.3–8.5]) but not inde-

pendently with POAF.16 Preoperative values of CRP and

IL-6 were not associated with clinical complications or

POAF incidence (Table 1).16

One study used imaging modalities to predict POAF in

an abdominal surgical population. Low rate blood pressure

product (<11,700) in dobutamine stress echocardiography

was associated with POAF (p= 0.002) in a single prospec-

tive study including 389 patients undergoing liver

transplantation.17 Cardiac single-photon emission com-

puted tomography (cardiac SPECT) was used to predict

POAF with a negative predictive value of 91%, positive

predictive value of 28%, sensitivity of 57%, and specificity

of 75%, in a subgroup of 47 patients (Table 1).17

No studies have used cardiac magnetic resonance ima-

ging (cMRI), urinary biomarkers or ECGs indices to pre-

dict POAF after abdominal surgery.

Discussion
Literature on the development of POAF in patients under-

going abdominal surgery is limited. In total, five studies were

identified reporting data on clinical risk-factors, inflamma-

tion biomarkers, dobutamine stress echocardiography and

cardiac SPECT. Data are currently insufficient to provide

clinical guidelines for prediction of POAF after abdominal

surgery. POAF has been extensively investigated in non-

abdominal surgical populations and insight from these stu-

dies might be transferred to patients undergoing abdominal

surgery and applied in future studies.

Clinical Risk-Factors and Prediction

Models
Clinical risk-factors in patients undergoing abdominal sur-

gery are comparable to those patients undergoing other

types of surgery; eg, age, hypertension, congestive heart

Figure 1 Flow diagram of study selection. “Other population”, indicates non-abdominal surgery as defined in the methods, “Other outcome”, is studies reporting not

reporting POAF as primary or secondary outcome, “Wrong publication type” indicates abstracts, guidelines and editorials.
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failure, etc.9,15 No attempts have been made to create a

prediction model for POAF after abdominal surgery exclu-

sively; one model has included patients undergoing

abdominal surgery,15 and several models have included

patients undergoing cardiac surgery.10–12 A prediction

model for patients undergoing abdominal surgery should

consider the following clinical data: age, gender, conges-

tive heart failure, renal function (chronic renal disease),

pulmonary function (chronic obstructive pulmonary dis-

ease) and surgical attributes (eg, emergency vs elective,

laparotomy vs laparoscopy, duration of surgery and organ

system). Furthermore, addition of paraclinical data of left

atrial (LA) size, PR-interval and QRS-duration have

improved earlier risk-prediction models and should be

considered.10–12

Blood Plasma Biomarkers
Inflammation biomarkers were investigated in one abdom-

inal surgical study and were not found to be associated

with POAF.16 In non-cardiac thoracic surgery, similar con-

clusions were reached regarding both CRP and IL-6.18 In

cardiac surgical populations, preoperative white blood cell

count and CRP were able to predict POAF.19,20 Both blood

samples are widely available and used in routine practice

in patients undergoing abdominal surgery and might be

beneficial to discriminate those patients developing POAF.

Brain natriuretic peptide (BNP) and N-terminal (NT) pro-

BNP are other commonly investigated plasma biomarkers

associated with the development of POAF.21–27 A review in

non-cardiac thoracic surgical patients reported that preopera-

tive elevated BNP and NT-pro-BNP were predictive of

POAF after both esophagectomy and major lung recessions,

but not after minor non-cardiac thoracic surgery.26 Likewise,

several studies have found that elevated preoperative BNP

predicted cardiac events including POAF in elective and

emergency orthopedic surgery.21,22,28 Concerning cardiac

surgery, a systematic review and meta-analysis found a mod-

erate association between preoperative BNP and develop-

ment of POAF.23 More recent prospective and retrospective

studies of cardiac surgical populations have confirmed a

positive association between elevated preoperative BNP

and NT pro-BNP, and POAF.24,25,27,29,30 Hence, there is

substantial evidence that preoperative levels of BNP and

NT pro-BNP are associated with POAF in several non-

abdominal surgical populations. Currently, no studies of

abdominal surgical populations have used these biomarkers.

Nonetheless, as these biomarkers are indicative of heart dis-

ease (especially heart failure) and are routinely used for

screening in outpatient clinics, they could constitute interest-

ing biomarkers for predicting POAF in an abdominal surgical

population. One could speculate that it indeed is those

patients with an early indicator of structural cardiac disease

that develop POAF when undergoing surgery.

Electrocardiograms
No studies have investigated the predictive value of ECGs

in abdominal surgery. However, several studies have been

performed in other surgical populations and an ECG could

Table 1 Predictors of Postoperative Atrial Fibrillation in Abdominal Surgery

Study Surgery Type N Findings Associated with POAF

Clinical risk

factors

Siu et al 200514 Colorectal cancer (elective) 563 Open (vs laparoscopic) surgical approach (OR 3.3 [CI

1.3–8.0])

Alonso-Coello

et al 201715
General non-cardiac

(elective and emergent)

8351 (211 with atrial

fibrillation)

Age and surgery type#

Heywood et al

20195
General abdominal (elective

and emergent)

2970 (187 with atrial

fibrillation)

Age (OR 1.03 [CI 1.01–1.06]) Congestive heart

failure (OR 3.04 [CI 1.88–4.92])

Hypertension (OR 1.72 [CI 1.19–2.51])

Vascular disease (OR 2.29 [CI 1.39–3.37])

Blood Rettig et al 201616 General abdominal (elective

and emergent)

170 CRP and IL-6 not associated

Imaging Nicolau-Raducu

et al 201517
Orthotopic liver

transplantation (elective)

389 DSE blood pressure product <11,970 (p=0.002)*

Positive cardiac SPECT PPV 28% and NPV 91%

Notes: *Association, #results presented as risk-stratification model, see text.

Abbreviations: DBE, dobutamine stress echocardiography; SPECT, single-photon emission computed tomography; PPV, positive predictive value; NPV, negative predictive

value.
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potentially aid to identify patients developing POAF after

abdominal surgery. Readily available ECG indexes asso-

ciated with POAF are: increased PR-interval (>180 or 192

ms), increased P-wave duration (> 100 or 110 or 120 ms),

and prolonged QRS interval (>118 ms).12,18,31,32 Several

other ECG indexes are reported for the cardiac surgical

population, such as P-wave amplitude, P-wave terminal

force (>40 ms and depth >1 mm, P-wave index and

P-wave frontal axis, etc.); but, these indexes are less read-

ily available and thus more difficult to apply in clinical

practice.12,33-37 ECG is generally easily accessible and

commonly used prior to abdominal surgery, hence, poten-

tially a promising tool for identifying POAF. Upcoming

prediction models in abdominal surgical populations

should consider including ECG indexes such as PR-inter-

val, P-wave duration and QRS-duration similarly to the

model developed by Gu et al for patients undergoing

cardiac surgery.12

Imaging
A single study has used dobutamine stress echocardiogra-

phy in patients undergoing liver transplantation.17

Although results showed that a low rate blood pressure

product (ie, poor myocardial response to dobutamine)

could predict POAF,17 it is not a method that is readily

available, nor applicable prior to emergency surgery.

Transthoracic echocardiography (TTE) without stress

testing has been investigated in other surgical populations

and might be transferable to an abdominal surgical popu-

lation. A recent study performed in patients undergoing

non-cardiac thoracic surgery demonstrated that increased

LA volume index, reduced LA emptying fraction, and

transmitral flow deceleration time were predictive of

POAF.38,39

Several prospective and retrospective studies have

reported that a larger preoperative LA is associated with

POAF after both cardiac valve surgery and CABG.40–47

More advanced TTE measurements, such as speckle-

tracking and strain analysis of the LA, have recently been

investigated in numerous cardiac surgical populations.44,48-52

Impaired LA strain has a higher sensitivity in the prediction

of POAF compared with measurements focusing solely on

dilatation of the LA.49,51,52 It should be noted that in cardiac

surgery, the incidence of POAF is high (up to 60% of patients

undergoing mitral valve surgery and 35% of patients under-

going CABG)53,54 and all these patients must be considered

to have some degree of structural abnormality upon referral

for cardiac surgery.

As TTE is a fast and non-invasive examination, it

could be an option for screening patients prior to abdom-

inal surgery. Current theories suggest that a “substrate”

and a “trigger” is required for the development of AF.55

TTE might be able to demonstrate structural changes of

the heart, especially the LA, which constitutes the “sub-

strate”, while the surgery is the inevitable “trigger”

(Figure 2).56

Cardiac SPECTwas used in one study of patient under-

going liver transplantation and proved able to exclude

patient developing POAF.17 As with dobutamine stress

testing cardiac SPECT cannot be used in an acute setting

Figure 2 With age and comorbidities, “substrate” (ie, chronic inflammation, fibrosis, etc.) is increasing, and patients come closer to their atrial fibrillation (AF) threshold.

Surgery might be the initial “trigger” for overt AF. AF is considered to become more frequent and self-sustaining with time, further increasing the “substrate”. Comorbidities,

eg, diabetes mellitus (1), hypertension (2), congestive heart failure (3). *POAF triggered by sympathetic activation, inflammation, oxidative stress, #paroxysmal AF,
¤permanent AF. Arrows indicate potential times of assessment as in the current review, just prior to surgery. Evidence suggest that the difference between the black

solid arrow and the dotted black arrow can be identified by blood sampling, electro- and echocardiograms.
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and is unlikely to be feasible for screening. To our knowl-

edge, no studies of other surgical populations have used

MRI or CT scanning to predict POAF.

Predictors of POAF After Abdominal

Surgery – Where are We Now and

Where to Go
Predicting POAF after abdominal surgery is currently dif-

ficult and evidence is scarce. The condition is relatively

common, and the complications are potentially severe,

why we believe that the condition deserves more attention.

Current theories suggest that a cardiac “substrate” devel-

ops with age and comorbidities and is present prior to

POAF. POAF might occur when patients with a “sub-

strate” are exposed to the hemodynamic challenges of

surgery and post-surgery inflammatory stress response

(Figure 2).56

The incidence of POAF ranges from 4% to 17% in

abdominal surgery. This variation cannot be explained

solely by age and comorbidity; indeed, some patients

with comorbidity will undergo surgery at an advanced

age without developing POAF. Current data suggest that

clinical outcome (eg, POAF vs no POAF) can be predicted

by identifying structural and functional differences of the

heart preoperatively, in patients that are otherwise compar-

able with regards to age, comorbidities and type of sur-

gery. To predict POAF, it is likely that highest accuracy

will be obtained through a combination of clinical and

paraclinical data.

Limitations
The current review was limited by the unavailability of

literature concerning the research question. The review

only reported published journal manuscripts and reporting

publication bias cannot be excluded. A general limitation

was the heterogenicity of the studies that have investigated

POAF after abdominal surgery. Definitions of POAF var-

ied from study to study. Few studies have attempted to

exclude pre-operative AF; ie, commonly a history without

AF or an ECG with sinus rhythm prior to surgery has been

deemed sufficient. No studies have applied ambulatory

continuous heart rhythm monitoring preoperatively.

Including patients with AF priori to surgery is an obvious

limitation. Furthermore, peri- and postoperative continu-

ous heart rhythm monitoring is not reported, and hence,

identification of all cases of POAF are unlikely.

Conclusion
POAF frequently occur after abdominal surgery and leads

to increased morbidity and mortality, meanwhile, clinical

tools and guidelines are lacking. Limited evidence sug-

gests that clinical risk-factors, inflammation biomarkers,

dobutamine stress echocardiography and cardiac SPECT

can identify patients developing POAF after abdominal

surgery; however, lessons from other surgical populations

suggest using additional plasma biomarkers (BNP, CRP,

and IL-6, −8 and −10), ECG (prolonged P-wave, PR- and

QRS-interval), and TTE indexes (LA size, volume and

function). The authors encourage readers to initiate further

research to close the current knowledge gap. Identifying

patients at highest risk of developing POAF after abdom-

inal surgery could lead to prevention of complications and

better patient outcomes.

Disclosure
The authors report no conflicts of interest in this work.
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