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Abstract
Introduction  Atrial fibrillation (AF) is self-limiting condition, but it may also increase the risk of stroke and death. 
The association between AF and surgery with stroke was assessed both subjectively and statistically using systematic 
review and meta-analysis.

Methods  For data collection, a thorough search was made in PubMed, EMBASE, Science Direct, Google Scholar, 
and Cochrane Library using searching keywords “postoperative ischemic stroke, atrial fibrillation, stroke, cardiac 
surgery, brain ischemia, and heart surgery”. Direct and indirect comparisons were made using random-effect network 
meta-analysis.

Results  16-studies were identified comprising of 132,208 patient, 64% male, median age > 63 years and follow-up 
> 1.5 years. Pooling the results from the random-effects model showed odds ratios associated with the risk of stroke 
of surgical processes (CABG) in patients with AF. The odds ratio OR = 1.1 (0.65–1.54, P < 0.001) and heterogeneity 
(I2 = 17%, P = 0.13) exposing higher risk of the stroke. Odds ratio (HR 1.5, 0.9–1.71) without heterogeneity showed 
greater risk of stroke after heart valve surgery in patients with AF. Study 8 didn’t show any risk of the stroke after left 
atrial appendage (LAA) clipping intervention, but the outcomes were biased. A pooled analysis showed odd ratio 
OR, 2 (1.7–2.1, P < 0.0001), without heterogeneity indicating higher stroke risk in general cardiac surgery. The patients 
undergone cardiac surgery from three studies with pooled analysis study-5 OR 2 (1.7–2.1, P > 0.001), study-6 OR 1.8 
(1.7–1.9, P > 0.001), and study-14 OR 7.8 (6.2–8.1, P > 0.0001).

Conclusion  The study clearly defines stroke outcomes when they are quantified, however, further research is 
required.
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Introduction
Considering its association to ischemic stroke, atrial 
fibrillation (AF), the most prevalent persistent car-
diac arrhythmia, affects millions of individuals world-
wide (about 1% of the world population) and has 
significant sociomedical repercussions [1, 2]. It is 
major heart rhythm disruption and causes a significant 
amount of morbidity and death in the broader commu-
nity. A poorly regulated or irregular heart beat causes 
its symptoms, and people with a history of AF are twice 
as likely to die from the condition [3]. Atherosclerosis 
patients with established chronic atrial fibrillation have 
a greater risk of stroke, longer hospital admissions, a 
higher chance of death, and worse functional outcomes 
than stroke patients without atrial fibrillation [4, 5]. 
New-onset postoperative atrial fibrillation (POAF) is the 
term used to describe the occurrence of atrial fibrilla-
tion (AF) in individuals who had previously had normal 
sinus rhythm (NSR) and had no prior history of AF fol-
lowing surgery. It is the most important type of second-
ary AF [6–11]. POAF is a frequent surgical complication 
that can occur in 10–63% of heart procedures (38-63% 
in valve surgeries or [Percutaneous coronary interven-
tion (PCI), Transcatheter aortic-valve replacement 
(TAVR) left atrial appendage clipping surgery (LAAC), 
Left atrial appendage occlusion (LAAO)] and 10-33% in 
coronary artery bypass graft [CABG] surgeries) [12–14]. 
Although systemic anticoagulants-based therapy is quite 
effective, many patients find it difficult to maintain over 
time. As a result, there is a growing search for alternative 
approaches, particularly for those who are most at risk 
[15–21]. Given the data that shows the left atrial append-
age (LAA) is the prime location of thrombus formation 
and consequent cardioembolic stroke in individuals with 
AF, nonpharmacological methods to separate the LAA 
from the systemic circulation are being developed [22–
26]. More recently, several studies—though others were 
more cautious or equivocal in their conclusions—have 
linked AF to an increased risk of stroke over extended 
postoperative periods [27–32]. We hypothesized that the 
patient’s with AF undergone surgical interventions are 
correlated to an increased risk of strokes over long post-
surgical periods. The goal of our study was to examine 
the risk of ischemic or haemorrhagic strokes in patients 
with a history of AF at least six months after surgery by 
conducting a systematic review and meta-analysis of cur-
rent randomized controlled clinical trials (RCTs) and 
prospective studies. The outcomes discovered that AF is 
linked to a higher risk of stroke and death, both in the 
short and long term, as compared to populations without 
AF.

Methodology and procedures
Methods
The data and findings of this study are contained in the 
paper and its online supplementary information’s for the 
readers to reproduce the results or replicate the proce-
dures. For data collection, a thorough search was made in 
PubMed, EMBASE, Science Direct, Google Scholar, and 
Cochrane Library using searching keywords “postop-
erative ischemic stroke, atrial fibrillation, stroke, cardiac 
surgery, brain ischemia, and heart surgery”. Studies only 
conducted on humans were included and all non-human 
studies were rejected. The studies reported in full text 
English language were considered. Furthermore, manual 
searches were made through all relevant data base for rel-
evant publications [28, 33, 34]. The data are reported in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines for accomplishing the network meta-analysis (as 
given in Fig. 1).

Selection of studies and data extraction
The authors independently searched the specified data 
based for literature to find out the relevant studies for 
meta-analysis. Full text articles were read and reviewed 
for making the decision to include or exclude. The stud-
ies were included or excluded based on the inclusion or 
exclusion criteria. The inclusion criteria were to have the 
following points; ① the patients might have present or 
past history of the AF, ② the patients might undergo for 
any surgical treatment for any cardio vascular diseases, ③ 
the patients must have age equal or above 18-years, ④ all 
studies included must be human data, ⑤ the sample size 
of the patients must be at least 50 patients, ⑥ the follow-
up should be done for at least 6-months. The exclusion 
criteria were ① All non-human data, ② all non-surgical 
interventions ③ all strokes’ studies without AF, ④ AF 
without surgery, ⑤ surgery without AF, ⑥ where stroke 
incidences are not observed. We comprised investiga-
tions that gathered data from cohort studies either pro-
spectively or retrospectively; patients underwent surgical 
procedures and had their baseline AF assessed; incident 
stroke and mortality were evaluated; and quantitative 
estimates of the multiple adjusted odds ratio (OR) or 
hazard ratio (HR) and 95% confidence interval (CI) for 
stroke and mortality related to perioperative or postop-
erative AF were reported. For randomized research, the 
Cochrane Collaboration risk of bias assessment instru-
ment was utilized, and for nonrandomized studies, 
the Cochrane Robins-I scale [28]. The writers worked 
together to cross-check the data and reached a consensus 
when there were disagreements.
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Quality assessment
Next, we also assessed the quality of the eligible studies 
by preparing quality assessment checklist. The checklist 
was characterized as: the design of the study, comparable 
groups, outcomes, potential confounders (like age, sex, 
male/female, others), and documented follow-up. The 
studies were considered of good quality having 3 or more 
score, while below 3 were considered poor. This quality 
assessment was made in order to perform smooth and 
healthier review process to obtain the more reliable data.

Types of surgical interventions
As various reports were found out with various surgical 
interventions for the treatment of AF or other CVS con-
ditions. Therefore, we categorized the types of surgical 
interventions for the smooth analysis of data. The stud-
ies where patients with AF undergone coronary artery 
bypass graft (CABG) surgeries were group together. The 
valve surgeries like percutaneous coronary intervention 
(PCI), transcatheter aortic-valve replacement (TAVR), 
AF thoracic surgery, left atrial appendage clipping 
(LAAC), and left atrial appendage occlusion (LAAO) 
were grouped together for analytical assessments of the 
data. Those studies where only the general cardiac sur-
geries were mentioned without more information’s were 
grouped as cardiac surgical interventions. In two stud-
ies the interventions were cardiac versus non-cardiac 

surgery, and strokes rates were reported with prior dis-
continuation of warfarin after surgeries.

Observed outcomes
Cerebrovascular events, including ischemic and haemor-
rhagic strokes, all-cause mortality, myocardial infarction, 
and a composite of haemorrhaging strokes were consid-
ered the favourable outcomes. Data were taken at each 
study’s most recent follow-up period as provided. The 
primary safety outcome was major bleeding as defined by 
the ISTH (International Society on Thrombosis and Hae-
mostasis) definition, TIMI (Thrombolysis in Myocardial 
Infarction), BARC (Bleeding Academic Research Con-
sortium), or GUSTO (Global Use of Strategies to Open 
Occluded Arteries).

Data analysis
For outcomes, the pooled data were reported using the 
odds ratio and 95% CI. Direct and indirect comparisons 
as well as the synthesis of study impact sizes for every 
outcome were made possible using random-effect net-
work meta-analysis and to explore the sources of hetero-
geneity and inconsistency (I2). P-values were two-sided, 
and the significance level was set at less than 0.05. The 
findings of interest were the early and long-term death 
rates as well as the risks of stroke among AF patients. 
The patients in the reference group did not have AF at 
baseline. We further divided the patient population into 

Fig. 1  Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) flowchart of review process to extract data for meta-analysis
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cardiac and noncardiac surgical types, and we contrasted 
the long-term outcomes odds ratio or HRs for strokes 
and death [28, 30].

Results
After screening, we recognized 101 full length English 
language articles for further review process. 59 studies 
were excluded due to small population size or non-car-
diac surgical interventions or not involving any surgery. 
11 studies were excluded due to undesirable outcomes 
and 3 for reporting duplicate outcomes, while 12 for not 
having appropriate data on HRs/ORs or CIs. During this 
review process a new study was also identified and added 
for analysis. Totally 16 studies were identified that were 
comprising of total 132,208 patient, on average approxi-
mately 64% of the patients were male (reported in Figure 
S1).

The characteristics of the included studies are given 
in the Table 1, where the median age of the patients was 
found to be more than 63 years. The median follow-
up after surgeries was noted to be more than 1.5 years. 
The total patients in the 16-studies were 147,929, after 
the exclusion of those patients who failed in follow-up 
or died due to other reasons than stroke the patients 
included in the meta-analysis remained 132,208.

The pooled analysis (Odds ratio, 95% CI) are reported 
in Fig. 2, and the observed outcomes are given in Table 2 
for the patients undergone CABG surgery having the 
positive history of the AF [1, 3, 7, 12, 14, 24]. The odds 
ratios are associated with the risk of stroke of surgical 
processes (CABG) in patients with AF. The odds ratio 
showed a significantly higher risk of the stroke in these 
patients having AF; OR = 1.1 (0.65–1.54, P < 0.001). The 
heterogeneity (I2 = 17%) was found insignificant (P = 0.13). 
The pooled analysis suggested a high risk of stroke in the 
patients undergoing CABG surgery with AF.

Table 1  Base line characteristics of the included studies
Study Total Patients (n) Patients with AF (n) Gender Age (y) Follow up (y) References
Study 1 2236 2236 78.3% (male) 74.3 ± 8.3 2.0-3.7 Yasuda et al., 2019 [3]
Study 2 4614 4614 Random 54 ± 5 > 1 Lopes et al., 2019 [6]
Study 3 1403 1403 Random 74 1.0–2.0 Popma et al., 2019 [8]
Study 4 24,711 13,952 59.5% (male) > 18 1 Gialdini et al., 2014 [22]
Study 5 150 150 60% (male) 52 ± 8.2 0.5–1.4 Wang et al., 2015 [33]
Study 6 69,202 69,202 56% (male) 45 ± 19.5 > 1 Kaatz et al., 2010 [32]
Study 7 26,046 26,046 51% (male) ≥ 67 1.3 to 1.5 Koshy et al., 2019 [9]
Study 8 3068 3068 53%(male) 18< > 1 Lotfi et al., 2011 [12]
Study 9 382 382 male 73.3% ≥ 70 > 1 Barbieri et al., 2013 [24]
Study 10 161 161 males (77%) 72 8.5 Konstantino et al., 2016 [1]
Study 11 7145 2183 males (79%) 68.9 ± 7.7 9.8 Thorén et al., 2020 [14]
Study 12 186 186 male 63.3% ≥ 75 1 Ye et al., 2022 [31]
Study 13 1014 1014 males (57%) 75 ± 8 2 Kefer et al., 2015 [2]
Study 14 3474 3474 males (59%) 63 ± 7.3 > 1 Işık et al., 2021 [25]
Study 15 4060 4060 males (71.5%) ≥ 65 3.5 ± 1.3 Qureshi et al., 2016 [13]
Study 16 77 77 males (59%) > 65 0.5–1.6 Healey et al., 2005 [7]

Table 2  Coronary-artery bypass grafting (CABG) patients with 
AF, observed outcomes and hazard ratio
Reports (n) Surgical 

interventions
Observed 
outcomes

HR (95%, 
CI)

Study 1 2236 CABG Stroke, Systemic 
embolism, MI, 
Unstable angina

0.73 
(0.42–1.29)

Study 8 3068 CABG POAF -
Study 9 382 CABG Stroke 0.04 

(0.01–0.67)
Study 10 161 CABG Stroke, Cerebro-

vascular accident 
(CVA), or death.

1.6 
(1.3–2.1)

Study 11 2183 CABG POAF 1.23 
(1.06–1.42)

Study 16 77 CABG Postoperative 
Stroke

2.6 
(1.11–2.7)Fig. 2  The forest plot Coronary-artery bypass grafting (CABG) patients for 

risk of stroke. OR 1.1 (0.65–1.54, P < 0.001), Heterogeneity (P = 0.13, I2 = 17%)
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The total patients with AF and received CABG surgical 
intervention were 8107, who were successful in follow-
up. The patients were observed for post-operative strokes 
and other cardiovascular events, while study 8 was based 
for POAF risks outcomes. Study 8 didn’t show any case 
of stroke after CABG surgery instead showed cases of 
POAF occurrence in these patients. Although this study 
was included with poor quality assessments because of 
fulfilling the designed inclusion criteria and parameters 
[21]. The authors discussed the study and added. The 
odds ratio of the studies for stroke risk and observed 
outcomes are also given in the Table  2. The analysis 
revealed the risks of occurrence of stroke after CABG 
intervention.

Even though stroke is one of the most feared conse-
quences of cardiac surgery, the risk of stroke during or 
after heart valve surgery is minimal. Some of the risk 
factors that can increase the risk of stroke after heart 
valve surgery include carotid artery stenosis greater than 
50%, redo heart surgery, valve surgery, mortality risk, 
advanced age, and previous history of stroke. It is note-
worthy that there is an increased risk of operational death 
for patients who suffer from perioperative stroke follow-
ing heart valve surgery. 5 studies were included for meta-
analysis in this study to pool the analysis for risk of stroke 
after heart valve surgery (Fig. 3) [2, 6, 8, 9, 31]. The level 
of odds ratio (HR 1.5, 0.9–1.71) showed greater risk of 
stroke after heart valve surgery in patients with AF with 
P-valve less than 0.001 showing remarkable significance. 
The heterogeneity was not found with higher value (0.63) 
of P-value. Study 8 didn’t show any risk of the stroke after 
LAAC intervention.

The interventions for surgeries in these studies were 
PCI, TAVR, AFT, LAAC, and LAAO, and the respec-
tive observational outcomes have been reported in the 
Table 3. The study 13 focused observations were the effi-
ciency of LAAO in patients already suffering from the 
chronic kidney diseases (CKD). The study represented a 
high risk of stroke in the patients with AF and suffered 
from the CKD. 33,263 patients with AF were enrolled 
with successful follow up in these publications.

Operative death rates were greater in individuals with 
perioperative stroke, early stroke, and delayed stroke 
than in patients without stroke with relative history of 
the AF. In addition, the incidence rate of late death was 
greater in patients with early stroke than in patients with 
delayed stroke. The incidence of stroke after cardiac sur-
gery ranges from 0.8 to 5.2%. The burden of stroke has 
been a major limitation for surgery in landmark trials 
comparing outcomes of coronary artery bypass graft and 
percutaneous coronary intervention. The studies with 
cardiac surgeries (not mentioned with specific surgi-
cal procedure, rather carried single or multiple cardiac 
surgeries) were include together to pool the analysis for 

risk of stroke [25, 32, 33]. A pooled analysis showed odd 
ratio OR, 2 (1.7–2.1, P < 0.0001), without any heteroge-
neity (P 0.77) indicating the correlation of higher stroke 
risk in patients with AF after cardiac surgery. The forest 
plot for three studies is reported in Fig. 4. Following heart 
surgery, perioperative atrial fibrillation has been linked 
to a higher risk of stroke. New-onset perioperative atrial 
fibrillation was linked to a longer-term and greater risk of 
stroke, according to a meta-analysis.

A total of 72,826 AF patients undergone cardiac surgery 
were included from three studies with pooled analysis 
study 5 OR 2 (1.7–2.1, P > 0.001), study 6 OR 1.8 (1.7–1.9, 
P > 0.001), and study 14 OR 7.8 (6.2–8.1, P > 0.0001) as 
reported in Table  4. The observed outcomes were post-
operative stroke (ischemic and haemorrhagic strokes). In 
patients having heart surgery, postoperative atrial fibrilla-
tion (AF) is linked to a higher risk of stroke and a higher 
death rate. It is crucial to remember that patients who 
have perioperative stroke following cardiac surgery are 
more likely to die during the procedure, even if the risk 
of stroke following cardiac surgery is minimal [28]. Age, 

Table 3  Patients with AF undergone value surgery, observed 
outcomes and hazard ratio
Reports (n) Surgical 

interventions
Observed 
outcome

HR 
(95%, CI)

Study 2 4614 PCI Composite of isch-
emic events

0.89 
(0.71–
1.11)

Study 3 1403 TAVR Disabling stroke at 
24 months

1.8 
(0.9–2.1)

Study 7 26,046 AFT Stroke risk 1.5 
(1.2–1.71)

Study 12 186 LAAC Stroke, Systemic 
embolism, MI

-

Study 13 1014 LAAO Efficiency of LAAO 
in patients with 
CKD.

2.3 
(1.92–3.1)

Fig. 3  The forest plot heart valves surgeries patients with AF for the risk of 
stroke. OR 1.5 (0.9–1.71, P < 0.001), Heterogeneity (P = 0.67, I2 = 0%)
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prior stroke experience, and carotid artery stenosis are 
some of the variables that may increase the risk of stroke 
following heart surgery.

Between 3 and 30% of noncardiac procedures result in 
atrial fibrillation (AF), with a greater prevalence follow-
ing thoracic surgeries. Where the incidence of stroke 
after cardiac surgery has been reported in follow up stud-
ies, more higher strokes rates were found after cardiac 
surgeries rather than noncardiac surgeries. Although it is 
known, the risk of stroke following warfarin withdrawal 
for surgical operations is not well understood. Nonethe-
less, some information on the subject is provided by the 
items that follow. The risk of an ischemic stroke increases 
when high-risk atrial fibrillation patients stop taking war-
farin for surgical operations. Participants who stopped 
taking warfarin due to surgery had an increased inci-
dence of ischemic stroke. Even after accounting for possi-
ble confounders, stopping warfarin was linked to a higher 
risk of ischemic stroke. For ischemic stroke, the popula-
tion-attributable risk of stopping warfarin due to surgery 
was calculated to be 23.1%. Recent evidence indicates 
that stopping warfarin in patients with vascular indica-
tions increases the risk of arterial thromboembolism 

more than assumptions used in mathematical model-
ling, particularly in the early postoperative phase. Here, 
two studies regarding warfarin discontinuation before 
surgical interventions and cardiac vs. non-cardiac sur-
gical interventions were included for analysis of stroke 
rates (Supporting Table  1). 18,014 patients from the 
two studies were included to pool the analysis [13, 22]. 
The odd ratio was OR 15.2 (23.1–30.9, P < 0.05) and OR 
0.79 (0.81–0.82, 0.001) for risk of stroke in the study 15 
and study 4, respectively. The heterogeneity levels were 
(I2 = 50%, P = 0.04) the heterogeneity was found signifi-
cant, and (I2 = 13%, P = 0.81) incognisant levels of hetero-
geneity were recorded. These analyses also revealed an 
increased risk of stroke in the patients with AF under-
gone surgeries.

Discussion
Unambiguously, AF appears to be associated with peri-
operative mortality, perioperative stroke, perioperative 
myocardial infarction, perioperative acute renal failure, 
and long-term mortality, long-term stroke, longstand-
ing persistent AF, as well as hospital length of stay and 
intensive care unit length of stay (Fig.  5). Our analysis 
suggests that AF in patients following cardiac surgery is 
associated with an increased occurrence of most short- 
and long-term cardiovascular adverse events [1, 4, 5, 
12, 29]. It is unclear whether AF had a role in the patho-
physiology of the related events or if it was only a marker 
of elevated cardiovascular risk, given our data do not 
establish causality. According to recent evidence, a pre-
existing arrhythmogenic substrate that determines who 
would develop AF existed before surgery. It may be able 
to explain the incidence of other cardiovascular events 
as well as the long-term recurrence rate of strokes after 
AF. Susceptible atrial substrates are known to be overlaid 
by variables such inflammation, myocardial ischemia, 
and autonomic nervous system activity, which leaves the 
atrium open to AF development and maintenance. Fur-
thermore, individuals who already have atrial fibrosis 
may be more likely to develop AF, which may affect when 
cardiac procedures should be performed [1, 4, 22, 29, 5, 
12, 15, 16, 18–21].

This systematic review and network meta-analysis 
suggests that AF patients undergoing cardiac surgical 
interventions are not only associated with the higher 
risk of major bleeding, but all-cause mortality. CABG, 
PCI, TAVR, AFT, LAAC, LAAO, DOAC, and AF tho-
racic surgery are associated with high rates of stroke. 
Although patients receiving anticoagulants showed com-
parably reduced incidence of the stroke with AF [35]. 
Expert opinion statements and recommendations that 
were recently released advise treating patients with atrial 
fibrillation (AF) after surgery by combining a single anti-
coagulant and a single antiplatelet drug (P2Y12 inhibitor) 

Table 4  Patients with AF undergone valve surgery, observed 
outcomes and hazard ratio
Reports (n) Surgical 

Interventions
Observed outcomes HR 

(95%, 
CI)

Study 5 150 Cardiac 
surgery

Postoperative Stroke 
and others

2 
(1.7–2.1)

Study 6 69,202 Cardiac 
surgery

Postoperative Stroke 
with AF

1.8 
(1.7–1.9)

Study 14 3474 Cardiac 
surgery

Pathophysiological 
mechanisms of acute 
ischemic stroke (AIS) 
that develop after 
cardiac surgery.

7.8 
(6.2–8.1)

Fig. 4  The forest plot of cardiac surgery patients with AF for the risk of 
stroke. OR, 2 (1.7–2.1, P < 0.0001), Heterogeneity (P = 0.77, I2 = 0%)
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[6, 7, 21–25]. The findings shown in this meta-analysis 
support and reinforced these suggestions, favouring the 
AF patients who underwent surgery with or without 
medication. It’s interesting to note that stopping anti-
coagulants before to heart surgery was associated with 
a greater risk of ischemic stroke, according to a signal 
that suggests a link between the two. Conversely, tak-
ing anticoagulants was linked to a lower risk of signifi-
cant bleeding and stroke, two factors that are crucial for 
patients with AF. Furthermore, our findings imply that 
individuals who have had surgery and AF are more likely 
to experience recurrent coronary events and strokes [2, 
9–11, 26]. The findings of this meta-analysis strongly 
suggest a correlation between a higher long-term risk 
of stroke and AF that develops following either isolated 
cardiac bypass surgery or combined bypass surgery and/
or valve replacement surgery. In the pooled analysis for 
risk of stroke, the degree of heterogeneity in the study 
outcomes was modest. Differences in the quality and the 
characteristics of the population were partially explained 
by research related to the heterogeneity’s explanation [2, 
4, 9–11, 26, 31, 32]. A higher number of men were typi-
cally related with a greater risk of AF-associated stroke 
in studies, but this was a minor impact and a weakly sig-
nificant interaction. Secondly, the number of follow up 
patients were also higher compared to women. Accord-
ing to a recent study, there was no discernible correlation 

between sex and risk over this shorter time frame for AF-
related stroke.

One meta-analysis of patients who had undergone 
CABG revealed a similarly increased NOAF-associ-
ated long-term mortality risk (odds ratio 2.19, 95% CI, 
2.14–3.08) at 1-year follow-up. It is thought-provoking 
to determine the impact of the prevalence of continu-
ous anticoagulants on the risk of AF-associated stroke 
following heart surgery because this information was 
not stated clearly in other publications, but one study 
included in this analysis did [13–15, 28]. When com-
pared to retrospective and better-quality research, both 
prospective studies and studies of lower quality—two 
categories of studies that mainly overlapped—showed a 
substantially greater risk of AF-associated stroke. This 
might be the case because studies of lower quality tended 
to define stroke more loosely, which made it more prob-
able that more cases of this event would be included. 
This study has limitations that are typical of all meta-
analyses. It might not be fitting to systematically combine 
studies when the effect variation due to heterogeneity is 
high, and it might not be appropriate to compare stud-
ies on populations with different outcomes, adjustment 
variables, or inclusion/exclusion criteria even when the 
effect variation due to heterogeneity is statistically low. 
The studies we found showed a considerable amount of 
impact variation due to heterogeneity, which might be 
partially explained by subgroup analysis on the surgical 

Fig. 5  Clinical perspective of the study
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population under investigation. This might have led to 
an overestimation of the AF-associated stroke data in 
some studies by including patients with pre-existing AF. 
Many of the included studies poorly defined the stroke 
outcomes, which may have introduced a detection bias. 
Most did not distinguish between ischemic and haemor-
rhagic outcomes [7]. Furthermore, no studies classified 
ischemic strokes by cause or determined the timing of AF 
recurrences and stroke.

Conclusion
Following CABG or cardiac valve surgery, AF is linked to 
a higher risk of stroke and death, both in the short and 
long term, as compared to populations without AF. To 
ascertain if anticoagulation lowers risk or whether this 
elevated risk is mediated by AF, more investigation is 
necessary. To determine if anticoagulation is necessary 
for AF patients, longer-term monitoring may be neces-
sary. Future research in this area needs to clearly define 
stroke outcomes when they are quantified.

Limitations and future research directions
We focused on the quantification of stroke outcomes 
with atrial fibrillation and association between atrial 
fibrillation and surgery with stroke was valued via this 
systematic review and meta-analysis. However, there are 
some potential limitations of this study including het-
erogeneity in the populations, variations in surgery, no 
detailed description of stroke subtypes, lack of individual 
patient data, and bias in publications reported. The future 
research may focus on individualized patient meta-analy-
sis to allow for more detailed analyses and adjustment for 
potential confounders. It’s also noteworthy to perform 
subgroup analyses based on characteristics of the atrial 
fibrillation, such as its duration, frequency, and burden, 
to better understand the relationship between atrial 
fibrillation and stroke incidence. Moreover, continuous 
observations and conducting separate studies for patients 
with longstanding atrial fibrillation and those with par-
oxysmal atrial fibrillation might be helpful to minimize 
heterogeneity.
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