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ABSTRACT

Background: Perioperative atrial fibrillation (POAF) after cardiac sur-
gery has been associated with an increased risk of stroke in some
studies. However, the exact magnitude of this association during short-
term and long-term follow-up remains unclear.

Methods: We searched PubMed, Embase, and Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) for the time period from database
inception to October 2020. We included observational studies with >
100 patients that reported data on short-term or long-term stroke risk in
patients with and without POAF after cardiac surgery. Data were pooled

The incidence of perioperative atrial fibrillation (POAF) after
cardiac surgery ranges between 20% and 40%."” POAF
usually occurs within the first several days after surgery,” and it
is believed to be triggered by a combination of surgical (eg,
acute inflammation) and patient-related factors (eg, obesity,

Received for publication July 10, 2021. Accepted September 12, 2021.

Ethics Statement: This systematic review and meta-analysis was con-
ducted in accordance to the ethical principles described in the Declaration of
Helsinki.

Corresponding author: Dr Michael K. Wang, 237 Barton St East,
Hamilton, Ontario L8L 2X2, Canada. Tel.: +1-289-426-2472; fax: +1-365-
317-6272.

E-mail: wangm7@mcmaster.ca

See page 94 for disclosure information.

https://doi.org/10.1016/j.¢jc0.2021.09.011

RESUME

Contexte : La fibrillation auriculaire périopératoire (FAPO) aprés une
chirurgie cardiaque a été associée a un risque accru d’accident vascu-
laire cérébral (AVC) dans certaines études. Cependant, 'ampleur exacte
de cette association durant le suivi a court et a long terme reste
incertaine.

Méthodologie : Nous avons effectué des recherches dans les bases
de données PubMed, Embase et CENTRAL (Cochrane Central Regis-
ter of Controlled Trials) pour la période allant de la création de ces
bases a octobre 2020. Nous avons inclus des études d’observation

hypertenswn) As most patients with POAF convert back to
sinus rhythm prior to hospital discharge,” many chmc1ans
consider POAF to be a transient and self-limited event.
However, a growing body of evidence suggests that POAF
is associated with an increased risk of stroke even after hospital
discharge.

The increased stroke risk seen in patients with POAF may
be mediated in part by subsequent episodes of atrial fibrilla-
tion (AF).” Given this, some clinicians prescnbe oral anti-
coagulatlon to patients with POAF in order to mitigate their
stroke risk.” However, whether the observed increase in stroke
risk persists beyond the immediate perioperative period is
unclear. Although most observational studies have shown an
association between POAF and short-term stroke risk,” "’
conflicting results among published studies have raised
uncertainty as to whether the association persists during
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using random-effects models. We reported summary risk ratios (RRs)
for studies reporting multivariable adjusted results and calculated
absolute risk differences (ARDs) with 95% confidence intervals (Cls).
Results: A total of 55 studies with 540,209 patients were included.
POAF was associated with both an increased relative risk (RR 1.69;
95% Cl, 1.41-2.03; I = 82%; 9 studies) and absolute risk of short-term
stroke (4.5% vs 2.5%; ARD 2.0%; 95% Cl, 1.28-2.89). POAF was
associated with an increased relative risk (RR 1.20; 95% Cl, 1.12-1.29;
I2 = 16%; 10 studies) and absolute risk of long-term stroke (1.06 vs
0.88 per 100 patient-years; ARD 0.18 per 100 patient-years; 95% ClI,
0.07-0.26). Sensitivity analyses of high-quality studies and studies
reporting either ischemic or embolic strokes yielded similar findings.
Conclusions: POAF after cardiac surgery was associated with an
increased risk of both short-term and long-term stroke. However, the
long-term stroke ARD was small, and whether these patients will
benefit from long-term oral anticoagulation therapy is unclear.

long-term follow-up.”'*"* Defining the exact magnitude of
the excess stroke risk in patients with POAF is crucial in order
to determine whether anticoagulation has a meaningful effect
that outweighs the risks of bleeding. To address these issues,
we performed a systematic review and meta-analysis evaluating
the short-term and long-term relative and absolute risks of
stroke in patients with POAF after cardiac surgery.

Methods

This systematic review and meta-analysis is reported accord-
ing to the Meta-analyses of Observational Studies in Epidemi-
ology (MOOSE) reporting guidelines.'” The study protocol was
registered with the International Prospective Register of Sys-
tematic Reviews (PROSPERO; CRD42020170568).

Search methods

Relevant studies were identified through a systematic
literature search of PubMed, Embase, and the Cochrane
Central Register of Controlled Trials (CENTRAL) from the
time of database inception until October 26, 2020. Eligible
studies were identified using a search strategy combining
keywords and terms related to cardiac surgery, AF, and stroke
(Supplemental Appendix S1). Additional articles were iden-
tified through reviewing reference lists from relevant studies
and consulting experts in the field.

Study selection and outcome assessment

Observational studies and observational analyses from ran-
domized controlled trials were considered eligible for inclusion.
Studies were included if they (i) had patients undergoing car-
diac surgery; (i) reported stroke outcomes stratified by the
presence or absence of POAF; (iii) defined POAF as a new-
onset AF episode; (iv) had > 100 participants; and (v) only
included patients > 18 years of age. The following were
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comptant > 100 patients et rapportant des données sur le risque
d’AVC a court ou a long terme chez les patients ayant présenté ou non
une FAPO aprés une chirurgie cardiaque. Les données ont été
regroupées a I'aide de modéles a effets aléatoires. Nous avons con-
signé les rapports de risque (RR) sommaires pour les études rappor-
tant des résultats corrigés multivariables et calculé les différences de
risque absolu (DRA) avec des intervalles de confiance (IC) a 95 %.
Résultats : Au total, 55 études portant sur 540 209 patients ont été
incluses. La FAPO était associée a une augmentation tant du risque
relatif (RR : 1,69; IC 2 95 % : 1,41 & 2,03; I> = 82 %; 9 études) que du
risque absolu d’AVC a court terme (4,5 % vs 2,5 %; DRA:2,0 %;1Ca 95 %:
1,28 4 2,89). La FAPO était également associée a une augmentation du
risque relatif (RR: 1,20;1C 395 %: 1,12 4 1,29; I” = 16 %; 10 études) et
du risque absolu d’AVC a long terme (1,06 vs 0,88 par 100 années-pa-
tients; DRA : 0,18 par 100 années-patients; IC 4 95 %: 0,07 4 0,26). Les
analyses de sensibilité des études de haute qualité et des études rap-
portant des AVC ischémiques ou emboliques ont donné des résultats
similaires.

Conclusions : La FAPO aprés une chirurgie cardiaque a été associée a
un risque accru d’AVC a court et a long terme. Cependant, comme la
différence de risque absolu d’AVC a long terme était faible, la possi-
bilité qu'une anticoagulothérapie orale a long terme soit bénéfique
pour ces patients est incertaine.

excluded: (i) studies of transcatheter valve implantation pro-
cedures; (ii) studies that did not distinguish between short-term
and long-term strokes; and (iii) studies not published as full-
text articles (eg, meeting abstracts). Studies were not excluded
on the basis of publication language. Screening and full-text
review were conducted independently and in duplicate by 6
of the authors M.K.W., P.M., R H., LB, Y.C.P.C., M.Z.A),
with discrepancies resolved through consensus or by consulting
with a third independent reviewer.

The primary outcome was stroke. Acceptable definitions of
stroke included any stroke, ischemic stroke, and embolic stroke.
When multiple types of stroke were reported, we used the outcome
of ischemic stroke. We collected information on short-term and
long-term stroke risk separately. Short-term strokes were defined as
events occurring either in-hospital or within the first 30 days after
surgery. Long-term strokes were events occurring either after
discharge or more than 30 days after surgery.

Data extraction

Data extraction was performed independently and in
duplicate (M.K.W., P.M., RH., LB., Y.CP.C., M.Z.A)
using structured forms. Information was collected on study
design, sample size, types of surgical procedures, baseline
demographics, definitions for POAF and stroke, number of
patients with POAF and stroke, reported associations between
POAF and stroke, covariates used for multivariable adjust-
ment, and anticoagulation use. If several multivariable models
were available, results were extracted from the most adjusted
model. We contacted study authors to obtain missing data,
unpublished data with multivariable adjustment, and clarifi-
cations regarding the number and timing of strokes.

Assessment of the quality of evidence

The Newcastle—Ottawa Scale (NOS) was used to assess the
quality of observational studies. This scale assigns a maximum
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of 9 points in 3 domains: selection of study groups, compa-
rability of groups, and ascertainment of exposures and out-
comes.'® Quality assessment was completed independently and
in duplicate. Disagreements were resolved through consensus,
consistent with the process outlined for study eligibility. Studies
were considered high quality if they received > 7 points.

Statistical analysis

Separate meta-analyses were constructed for short-term and
long-term stroke risk. For our main meta-analyses, we
included only studies reporting multivariable adjusted data.
Pooled risk ratios (RRs) and their corresponding 95% confi-
dence intervals (Cls) were estimated using the inverse variance
method with random-effects models. We used tests of inter-
action to determine whether there were significant differences
between subgroups of studies with and without multivariable
adjustment. We additionally reported the pooled RRs across
all studies when no significant differences were reported be-
tween adjusted and unadjusted subgroups. Between-study
statistical heterogeneity was quantified using the I* value.
Heterogeneity was considered to be important when I* was
greater than 30%.'” Publication bias was assessed with Egger’s
regression test'® and visual inspection of funnel plots, and
corrected using the trim-and-fill method."”

The absolute risk difference (ARD) and its corresponding
95% Cls were calculated for short-term and long-term stroke
using methods described in the Cochrane Handbook for
Systematic Reviews of Interventions.”’ We estimated the
baseline short-term and long-term absolute risks of stroke by
calculating an overall weighted incidence of stroke in patients
without POAF across all included studies. We estimated the
absolute risk of stroke and its corresponding 95% ClIs in
patients with POAF by adding the absolute risk difference and
its corresponding 95% Cls to the baseline risk estimate.

We planned several analyses a priori to identify potential
sources of heterogeneity. We performed subgroup analyses
based on the type of surgical procedure performed (ie, isolated
coronary artery bypass surgery (CABG) vs valvular proced-
ures) for short-term and long-term risks of stroke. For studies
reporting long-term risk of stroke, we performed univariable
meta-regression analyses using a series of predetermined var-
iables that were reported by at least 10 studies, including
anticoagulation use, length of follow-up, study size, mean age,
and female sex (%). To assess the robustness of our findings,
we performed sensitivity analyses by limiting analyses to
studies deemed to be of high quality, studies reporting either
ischemic or embolic strokes, studies published in the year
2010 or later, and studies that reported the method by which
POAF was detected. All analyses were conducted using Re-
view Manager (Cochrane Collaboration, London, UK),
version 5.4, or Stata (StataCorp, LLC, College Station, TX),
version 16. Analyses were 2-tailed with statistical significance
set at P < 0.05.

Results

Study selection

Through database searching, reviewing the bibliographies
of relevant literature, and consulting with field experts, 14,535
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unique citations were identified. After review of the full text of
578 articles, 55 studies were identified as meeting eligibility
criteria. 27132100 Of the 539,520 participants included,
151,856 (28.1%) had POAF. A flow diagram of the study
selection process is shown in Figure 1. Three studies with a
total of 443 participants reported no strokes,”"07%° leaving 52
studies eligible for inclusion in the meta-analysis. Three pri-
mary study authors provided unpublished information on the
number of short-term and long-term strokes, 4500 Unpub-
lished outcome data with multivariable adjustrlrlveg)t/‘(were

provided by primary study authors for 4 studies.”

Study characteristics

The characteristics of the 55 included studies are outlined
in Table 1. The average participant age was 65.8 years
(standard deviation: 11.4), and 29.8% were female. Most
studies were conducted in North America (33%), Europe
(28%), and Asia (19%). Short-term stroke risk was reported in
48 studies, of which 9 reported multivariable adjusted results.
Long-term stroke risk was reported in 19 studies, of which 10
reported multivariable adjusted results. In the studies report-
ing long-term stroke risk, follow-up ranged from 1 to 17.8
years (median: 2.4 years). Studies included patients under-
going isolated CABG surgery (35 studies), valvular surgery
with or without a concomitant procedure (11 studies), or a
combination of different cardiac procedures (9 studies). A
total of 36 studies made the diagnosis of POAF, using either
continuous telemetry monitoring or an electrocardiogram. Of
the remaining studies, 10 used database records, 2 used
medical records, and 7 did not specify how the diagnosis was
obtained. A total of 46 studies reported a composite of all
strokes; 8 reported ischemic strokes; and 1 reported embolic
strokes. For the diagnosis of stroke, 6 studies required imaging
findings, 8 studies required compatible clinical findings, 23
studies used diagnoses registered in databases, and 12 studies
did not specify a data source.

Quality of studies

Among all 55 studies included in the review, 8 of 48
studies (17%) that reported short-term stroke and 13 of 19
studies (68%) that reported long-term stroke were determined
to be high-quality studies (Supplemental Table S1). Fourteen
studies (25%) reported follow-up data that were at least 90%
complete, and 18 studies (33%) used diagnostic criteria that
demonstrated recorded strokes were new events. Among
studies that reported multivariable adjusted results, 6 of 9
studies (67%) that reported short-term stroke, and 10 of
10 studies (100%) that reported long-term stroke were
determined to be high-quality studies.

Risk of short-term stroke

Among studies that reported short-term stroke risk, 30.1%
of participants had POAF (48 studies; Supplemental
Table S2). The incidence of POAF was higher among par-
ticipants undergoing valvular procedures (49.0%; 9 studies),
compared to those undergoing isolated CABG (24.3%; 31
studies).

Among studies that reported multivariable adjusted results,
the relative risk of short-term stroke was significantly higher in

patients with POAF (RR 1.69; 95% CI, 1.41-2.03; 9 studies).
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15058 records identified through data-
base searching

12 additional records identified
through other sources

14535 Records after duplicates removed

14535 Records screened

13957 Records excluded

578 full-text articles
assessed for eligibility

523 full-text articles excluded

170 stroke events not

described by AF status
143 pre-operative AF not

55 studies included in
qualitative synthesis

excluded
88 wrong surgical procedure

80 review or guideline

25 <100 patients
14 Not relevant

52 studies included in
quantitative synthesis
(meta-analysis)

3 Overlapping study data

Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for eligible studies. AF, atrial fibrillation.

Substantial heterogeneity was detected across study results
(I = 82%). There was no evidence of publication bias (Egger
test, P = 0.48). Studies reporting unadjusted results had a
higher pooled relative risk (RR 2.22; 95% CI, 1.87-2.63; I?=
61%; 39 studies) compared to studies with multivariable
adjustment (test for interaction, P = 0.03; Fig. 2). The esti-
mated incidence of short-term stroke was 4.5% vs 2.5% in
patients with and without POAF (ARD 2.0%; 95% CI, 1.28-
2.89; Fig. 3).

Risk of long-term stroke

Among studies that reported long-term stroke risk, 19.7%
of participants had POAF (18 studies; Supplemental
Table S2). The incidence of POAF was higher among pa-
tients undergoing valvular procedures (44.9%; 3 studies),
compared with those undergoing isolated CABG (27.3%; 13
studies).

Among studies that reported multivariable adjusted results,
the overall risk of long-term stroke was significantly increased
in patients with POAF (RR 1.20; 95% CI, 1.12-1.29; 10
studies; Fig. 4). Although between-study heterogeneity was
low (I? = 16%), we found evidence of publication bias (Egger
test, 2 = 0.05). The RR after study imputation by the trim-
and-fill method was 1.18 (95% CI, 1.10-1.26; Supplemental
Fig. S1). Results remained similar after pooling both unad-
justed and adjusted studies (RR 1.24; 95% CI, 1.13-1.35; 18
studies; Fig. 4). The estimated incidence of long-term stroke
was 1.06 vs 0.88 per 100 patient-years in patients with and

without POAF (ARD 0.18 per 100 patient-years; 95% CI,
0.07-0.26; Fig. 2).

Anticoagulation use

Patients with POAF were more frequently discharged on
anticoagulation, compared with those without POAF (11
studies; n = 50,522; 17.7% vs 4.4%; Supplemental
Table S3). The average level of use of long-term anti-
coagulation in patients with vs without POAF was 6.3% and
2.5%, respectively (2 studies; mean follow-up 5.1 years).m’21

Meta-regression and sensitivity analyses

In the subgroup analysis comparing the risk of short-term
stroke across different types of surgery, isolated CABG was
associated with a higher relative risk of short-term stroke (RR
2.17; 95% CI, 1.89-2.49) than valvular surgery (RR 1.52;
95% CI, 1.15-2.02) (P for interaction = 0.03). This differ-
ence was not seen among studies reporting long-term stroke
risk (P for interaction = 0.13; Supplemental Table S4).
Univariable meta-regression analyses did not demonstrate
differential associations in the risk of long-term stroke ac-
cording to follow-up duration or study size (Supplemental
Table S5). A post hoc analysis of long-term stroke studies
found that the absolute risk of stroke per 100 patient-years
was greater in studies reporting a higher prevalence of previ-
ous stroke among patients with POAF (upper vs lower tertile
of studies; independent #test P = 0.02; Supplemental
Fig. S2).



Table 1. Characteristics of included studies

Multivariable
Female Stroke adjusted r
Age sex (%) outcomes esults
POAF (POAF / (POAF / (short-term / (short-term / Follow-up

Author Year Country Surgery type N (% incidence) no POAF) no POAF) long-term) long-term) (years)
Ahlsson”! 2010 Sweden Isolated CABG 571 28.9 69 /65 18.8 /22,9 A -/ - 6.9
Al-Khatib™ 2009 USA Isolated CABG 2794 23.7 67 1 61 18.6 /21.2 /- -/ - —
Almassi** 1997 USA CABG, valvular, 3855 29.7 67 1 62 1.14/ 1.73 */ - -/ - —

combination, other
Almassi™ 2019 USA Isolated CABG 2103 26.2 65162 0.1 A -/ - 5
Attaran” 2011 UK CABG, valvular, 17379 28.7 68 / 64 25.4 /26,5 /- /- —

combination, other
Auer™® 2005 Austria Valvular + CABG 253 39.1 68 / 64 44.5/37.0 /- -/ - —
Barbieri®” 2013 Portugal Isolated CABG 2628 12.4 67/ 61 26.7 1 30.6 /- -/ - —
Batra™ 2019 Sweden Isolated CABG 8370 27.4 70/ 66 17.4 /1 19.3 A A 2.2
Benedetto™ 2020 International Isolated CABG 3023 24.2 66/ 63 13.5/ 14.5 x| x -/ * 10
Biancari’’ 2013 Finland Isolated CABG 1226 31.3 67162 28.4/25.4 x/x x/x 7.2
Bramer’' 2010 The Netherlands Isolated CABG 5098 22.0 69 / 64 21.2/225 /- -/ - —
Bramer ** 2011 The Netherlands MVR + (CABG 856 42.2 67 1 63 37.4 [ 41.4 /- -/ - —

or TVR)

Butt’ 2019 Denmark Isolated valvular 1528 46.6 711768 41.4 / 38 -/ * -/ 4.7
Butt'? 2018 Denmark Isolated CABG 7121 30.3 68/ 64 17.7 1 17.9 -/ * -/ 5.5
Choi™ 2009 South Korea Isolated CABG 315 21.0 67 165 25.8/29.3 */- -/ - —
Coletta™ 2019 USA Isolated CABG 158 29.5 — 16.7 /1 30.3 /- -/ - —
Conenmy . 2020 Canada Isolated CABG 4624 16.8 71/ 66 19.8 /19.2 x| x -/ * 4.4
Echahidi®’ 2007 Canada Isolated CABG 5085 27.0 68 /63 23.0 / 23.8 /- -/ - —
El-Chami’ 2010 USA Isolated CABG 16169 18.5 68 /61 26.9 /283 /- -/ - —
Farouk Musa®® 2018 Malaysia Isolated CABG 637 28.7 62/ 60 20.8/17.2 */ - -/ - —
Ghurram™® 2020 India Isolated CABG 748 17.0 — — x| x -/ - 1.7
Gialdini”’ 2014 USA CABG, valvular, 73543 16.1 — — A - * 1

combination, other
Girerd” 2012 Canada Isolated CABG 6728 27.8 68 /63 22.6/22.0 */ - -/ -
Guenancia™ 2015 France Isolated CABG 100 34.0 66 / 63 8.8/6.1 x| * -/ - 1
Horwich! 2013 Canada Isolated CABG 8058 27.5 — 2271253 x| x -/ * 5.7
Hravnak*’ 2002 USA Isolated CABG 814 31.9 70 / 64 29.6 / 34.5 */ - -/ - —
Hu® ) 2015 China Isolated AVR 107 34.6 56 /50 62.2 / 58.6 */ - -/ - —
Iliescu™ 2018 Romania Isolated AVR 1191 28.7 69 / 64 36.8 / 30.2 */ - -/ - —
Kalra® 2019 USA Isolated AVR 122765 50.1 72 | 64 38.1/40.0 /- * - —
Kalra (validation 2019 USA Isolated AVR 5141 30.6 721 65 4141 41.3 */- */ - —

cohort)/
Kim*° 2020 South Korea AVR = other 296 52.0 67 449 /- * /-
Kohno"’ ) 2017 Japan AVR = other 157 36.9 711 67 46.6 1 49.5 -/ * -/ - 4.4
Konstantino™ 2016 Israel Isolated CABG 136 27.2 76170 32.4/19.2 x| x -/ - 8.5
Lapar™’ 2014 USA CABG, valvular, 49264 18.8 69 /63 28.9/28.9 */ - /- —
combination
Lee™ 2014 South Korea Isolated CABG 1171 20.8 67 1 63 25.0 / 30.1 - */ - —
Lot 2011 USA Isolated CABG 3068 38.4 70 / 64 28.9 /29.2 /- -/ - —
Mariscalco'’ 2014 UK, Traly CABG, valvular, 17262 26.4 70/ 65 27.9 /23.8 /- -/ - —
combination
Nisanolgu’’ 2007 Turkey Isolated CABG 426 21.4 71170 27.5/31.3 */- -/ - —
O’Nez}ljz 2013 USA Isolated CABG 13165 22.1 68/ 62 27.0 / 30.0 */ - -/ - —
Philip“ 2014 USA Isolated CABG 5135 29.0 68 /63 27.2129.0 x| x -/ - 1
Continued
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Table 1. Continued.

Multivariable
Female Stroke adjusted r
Age sex (%) outcomes esults
POAF (POAF / (POAF / (short-term / (short-term / Follow-up
Author Year Country Surgery type N (% incidence) no POAF) no POAF) long-term) long-term) (years)
Pivattq_]uniorﬂ 2014 Brazil Isolated AVR 348 32.8 77 177 48.2 /1 41.9 */ - -/ - —
Rubin’’ 1987 USA Isolated CABG 123 29.3 59 1 54 — x| x -/ - 2.2
Saxer}aS(’ 2012 Australia Isolated CABG 19497 28.5 69 / 64 — /- */ - —
Shen”” 2011 USA CABG, valvular, 10390 30.2 — 35.7 1 35.0 */ - -/ - —
combination, other

Silva™® 2004 Brazil CABG, valvular, 158 28.5 - 37.8 1354 /- -/ - -

combination
Stamou”’ 2000 USA Isolated CABG 969 21.3 69 / 61 33.5/33.4 /- -/ - -

(off-pump)
Swinkels*’ 2017 The Netherlands Isolated AVR 569 42.4 65/ 64 44.4 | 43.6 x| -/ - 17.8
Thoren'” 2020 Sweden Isolated CABG 7145 30.6 69 /65 21.0 / 23.0 -1* - * 9.8
Thoren"' 2014 Sweden Isolated CABG 6821 31.6 69 / 65 21.0/ 23.0 */ - -/ - -
Villareal®! 2004 USA Isolated CABG 6475 15.4 68 /62 26.7 1 26.1 * /- */ - -
Vlahou®” 2016 Greece Isolated CABG 446 24.9 68 / 64 16.2/14.6 */ - -/ - -
Vural®® 2019 Turkey Isolated CABG 756 213 - 32.3/29.7 - -/- -
Whitlock” 2014 Canada CABG, valvular, 99137 18.2 - 26.4 1 24.9 x| x x| * 2

) combination

Yokota®* 2017 Japan Valvular + other 119 39.5 76 171 489/ 45.8 /- -/ - -
Zangrillo®® 2004 Italy Isolated CABG 160 20.6 68 / 64 12.1/15.7 */ - -/ - -
Zhao®® 2015 Singapore CABG = valvular 160 22.6 62 14.3 */ - -/ - -

Outcome (-): outcome not reported. Outcome (*): outcome reported. Multivariable adjustment (-): no data or adjustment results not used in meta-analysis. Multivariable adjustment (*): multivariable adjusted results

used in meta-analysis.

AVR, aortic valve replacement and/or repair; CABG, coronary artery bypass surgery; LVAD, left ventricular assist device; MVR, mitral valve replacement and/or repair; POAF, perioperative atrial fibrillation; TVR,
tricuspid valve replacement and/or repair.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
1.3.1 Unadjusted
Al-Khatib 2009 -0.2988 0.4507 1.3% 0.74[0.31, 1.79] —
Almassi 1997 0.7687 0.1749  2.8% 2.16 [1.53, 3.04] =
Almassi 2021 0.8349 0.4467 1.3% 2.30[0.96, 5.53] 1
Auer 2005 2.0477 15439 0.2% 7.75[0.38, 159.76] >
Barbieri 2013 1.2615 0.3345 1.8% 3.53[1.83, 6.80] I —
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Echahidi 2007 0.4629 0.1967 2.7% 1.59 [1.08, 2.34] — =
EI-Chami 2010 0.8696 0.1264  3.2% 2.39[1.86, 3.06] —=
Farouk Musa 2018 2.0072 1.1514  0.3% 7.440.78, 71.09] >
Ghurram 2019 1.364 0.6637 0.8% 3.91[1.07, 14.37] >
Girerd 2012 0.7875 0.1921 2.7% 2.20[1.51, 3.20] -
Guenancia 2015 0 0 Not estimable
Horwich 2013 0.9175 0.1865 2.8% 2.50[1.74, 3.61]
Hravnak 2002 1.4496 0.6077  0.9% 4.26 [1.30, 14.02] —_—*
Hu 2014 1.7237 1.6206 0.2%  5.61[0.23, 134.29] >
lliescu 2018 0.3549 0.2328 2.5% 1.43[0.90, 2.25] T
Konstantino 2016 0 0 Not estimable
Lotfi 2011 -0.023 0.1505  3.0% 0.98[0.73, 1.31] -1
Mariscalco 2014 09719 0.096 3.3% 2.64[2.19, 3.19] =
Mihos 2013 -0.4429 1.1141 0.3% 0.64[0.07,5.70] *
Min 2016 1411 0722 0.7% 4.10[1.00, 16.88] >
Nisanolgu 2007 0.207 1.1605 0.3% 1.23[0.13, 11.96] >
O'Neal 2013 0.8457 0.1548  3.0% 2.33[1.72, 3.16] -
Philip 2014 -2.5395 14365 0.2% 0.08 [0.00, 1.32] *
Pivatto Junior 2014 0.4314 0.7552  0.6% 1.54 [0.35, 6.76]
Rubin 1987 0 0 Not estimable
Shen 2011 0.8838 0.1197 3.2% 2.42[1.91, 3.06] I
Silva 2004 1.837 0.8179  0.5% 6.28 [1.26, 31.19] e
Stamou 2000 1.7148 0.9095 0.4% 5.56 [0.93, 33.03] >
Stamou 2001 0.5306 0.1085  3.3% 1.70 [1.37, 2.10] -
Swinkels 2017 0.3082 0.702 0.7% 1.36 [0.34, 5.39]
Thoren 2014 0.5716 0.1484 3.0% 1.77 [1.32, 2.37] - =
Vlahou 2016 16154 0.722 0.7% 5.03 [1.22, 20.71] >
Vural 2019 2.0448 0.3557 1.7% 7.73[3.85, 15.52] ——F
Woldendorp 2020 0.9466 0.6015  0.9% 2.58[0.79, 8.38]
Yokota 2017 2.6165 1.4791 0.2% 13.69[0.75, 248.51] >
Zangrillo 2004 0 0 Not estimable
Zhao 2015 0 0 Not estimable
Subtotal (95% Cl) 55.6% 2.18 [1.87, 2.55] <&
Heterogeneity: Tau? = 0.09; Chi? = 91.50, df = 37 (P < 0.00001); I> = 60%
Test for overall effect: Z =9.75 (P < 0.00001)
1.3.2 Adjusted
Attaran 2011 (AVR +/- CABG) 0.4212 0.2772  2.2% 1.52[0.89, 2.62] T
Attaran 2011 (CABG) 0.9214 0.1877 2.8% 2.51[1.74, 3.63] — =
Attaran 2011 (MVR +/- CABG) 0.619 04599 1.3% 1.86 [0.75, 4.57] -
Attaran 2011 (Other) 0.3567 0.2761 2.2% 1.43[0.83, 2.45] ]
Biancari 2013 0.3393 0.3715 1.7% 1.40 [0.68, 2.91] - =
Kalra 2019 -0.0101 0.0543  3.5% 0.99[0.89, 1.10] T
Kalra 2019 (Validation Cohort) 0.2852  0.11 3.3% 1.33[1.07, 1.65] =
Kim 2020 1.307 1.1465 0.3% 3.70[0.39, 34.96] >
Lapar 2014 (AVR) 0.9933 0.2795 2.2% 2.70[1.56, 4.67] I
Lapar 2014 (AVR + CABG) 0.4947 02444  2.4% 1.64 [1.02, 2.65] —
Lapar 2014 (CABG) 0.8372 0.0963 3.3% 2.31[1.91,2.79] -
Lapar 2014 (MVR) 1.4375 0.4951 1.2% 4.21[1.60, 11.11]
Lapar 2014 (MVR + CABG) -0.0513 0.5641 1.0% 0.95[0.31, 2.87]
Lapar 2014 (MV repair) 0.2927 1.1986  0.3% 1.34[0.13, 14.04] >
Lapar 2014 (MV repair + CABG) -0.462 0.8308 0.5% 0.63[0.12, 3.21]
Lee 2014 0.9163 0.5846  0.9% 2.50[0.79, 7.86]
Mauro 2020 0.6881 0.2504  2.3% 1.99 [1.22, 3.25] — =
Peguero 2015 0.6206 0.3645 1.7% 1.86 [0.91, 3.80] T =
Saxena 2012 0.5878 0.1696  2.9% 1.80 [1.29, 2.51] ——
Sun 2018 1.4861 0.2153  2.6% 4.42[2.90, 6.74] T
Villareal 2004 0.6931 0.2198 2.5% 2.00[1.30, 3.08] -
Whitlock 2014 0.4055 0.0329  3.6% 1.50 [1.41, 1.60] -
Subtotal (95% CI) 44.4% 1.82 [1.52, 2.18] L 4
Heterogeneity: Tau? = 0.10; Chi> = 128.68, df = 21 (P < 0.00001); I* = 84%
Test for overall effect: Z = 6.47 (P < 0.00001)
Total (95% Cl) 100.0% 2.03 [1.78, 2.30] L 2
Heterogeneity: Tau? = 0.12; Chi? = 280.92, df = 59 (P < 0.00001); I = 79% 05 , 0{2 0?5 é é 110
Test for overall effect: Z = 10.85 (P < 0.00001) POAF Decreases Risk POAF Increases Risk

Test for subaroup differences: Chi? = 2.22, df = 1 (P = 0.14), > = 54.9%

Figure 2. Forest plot for short-term risk of stroke. Forest plot for short-term stroke risk in patients with vs without perioperative atrial fibrillation
(POAF), stratified by studies with vs without multivariable adjustment. Results are reported as an overall risk ratio. Short-term stroke is defined as
in-hospital events or events occurring within 30 days of surgery. AVR, aortic valve replacement; CABG, coronary artery bypass graft; df, degrees of
freedom; IV, inverse variance; MV, mitral valve; MVR, mitral valve replacement; SE, standard error.
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confidence intervals (Cls).

Sensitivity analyses of high-quality studies, studies report-
ing only ischemic or embolic strokes, studies published in the
year 2010 or later, and studies that specified the method by
which POAF was detected demonstrated consistent results
(Supplemental Table S6).

Discussion

In this systematic review and meta-analysis of 55 studies
with over 500,000 participants undergoing cardiac surgery, we
found that POAF was associated with an increased risk of
short-term and long-term stroke. Patients with POAF had a
2% higher absolute risk of short-term stroke, compared to
patients without POAF. In contrast, the absolute risk of stroke
was only 0.18 per 100 patient-years higher in patients with
POAF during long-term follow-up. These differences in risk
suggest that short-term and long-term stroke prevention in
POAF patients should be approached separately.

Although anticoagulation is the cornerstone of stroke
prevention in patients with chronic nonoperative AF, its
routine use in patients with POAF after cardiac surgery is
controversial. Although guidelines suggest that clinicians
should consider anticoagulation in this scenario,”””*® no high-
quality evidence supports these recommendations. Some
groups have recommended a limited treatment duration of 4
weeks after sinus rhythm restoration.”” Our meta-analysis
found that the increased risk of stroke with POAF was
concentrated in the early postoperative period, suggesting that
such a strategy may be beneficial.

In the absence of high-quality data, however, there are
several important knowledge gaps associated with such an
approach. First, many short-term strokes occur during or
shortly after surgery, and therefore cannot be prevented with
anticoagulation therapy. A retrospective cohort study by
Kollar et al. that included 2964 patients undergoing CABG
found that 4 of 9 early strokes occurred intraoperatively.”’
Intraoperative strokes are thought to be common during

valvular surgeries also.”! In our meta-analysis, we found that
patients with POAF undergoing valvular procedures had a
higher absolute risk increase in short-term stroke than those
undergoing isolated CABG surgery. A plausible possibility is
that intraoperative factors specific to valvular procedures, such
as longer cross—clamging times and embolization risk during
surgical excision,””? contributed to the higher stroke risk.
Second, alternate pathophysiologic mechanisms may mediate
the short-term risk of postoperative stroke in POAF, for which
the effectiveness of anticoagulation is uncertain. Kollar et al.
found that 2 of the 4 postoperative strokes occurring after
POAF were caused by atherosclerotic disease in the carotid
and vertebral arteries.”’ Third, excess bleeding from early
anticoagulation use may outweigh any potential reduction in
stroke. A retrospective study of 166,747 post-CABG patients
with POAF found that anticoagulation use on discharge was
associated with a significant increase in re-hospitalization rates
for major bleeding at 30 days after surgery (0.98% vs 0.23%;
adjusted odds ratio 4.30; 95% CI, 3.69-5.03) without a
reduction in hospitalizations for stroke.”” The results of an
ongoing clinical trial randomizing patients to either warfarin
or standard antiplatelet therapy for 3 months after CABG will
inform clinicians on the best management strategy for pre-
venting short-term strokes.”* Until these results become
available, short-term use of anticoagulation remains an un-
proven strategy.

It has been hypothesized that POAF may represent the first
manifestation of sustained AF, and that lonﬁ—term strokes may
be caused by subsequent AF recurrences.” However, several
key differences between POAF and nonoperative AF suggest
that the 2 may be separate entities. First, many patients with
POAF do not have documented AF recurrence. One ran-
domized controlled trial of cardiac surgery patients with
POAF found that less than 5% of participants had clinical
evidence of AF at their 2-month follow-up visit.” Second, our
meta-analysis found that the estimated long-term stroke
risk in patients with POAF was low (1.06 events per
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Figure 4. Forest plot for long-term risk of stroke. Forest plot for long-term stroke risk in patients with vs without perioperative atrial fibrillation
(POAF), stratified by studies with vs without multivariable adjustment. Results are reported as an overall risk ratio. Long-term stroke is defined as
strokes occurring > 30 days after surgery or after hospital discharge. Cl, confidence interval; df, degrees of freedom; IV, inverse variance; SE,

standard error.

100 patient-years). For patients with nonoperative AF who are
at a similar stroke risk, there is no universal recommendation
for anticoagulation use.®”**®”” Third, given that the long-term
difference in stroke risk was very small (0.18 per 100 patient-
years) between patients with vs without POAF, the benefit of
long-term anticoagulation in POAF patients is likely small.
This is apparent when the risk increase is compared to that
seen with other stroke risk factors. For example, the presence
of asymptomatic carotid stenosis (60% or greater) conveys a
much larger absolute risk increase of 2.3% per year for
long-term stroke.” Finally, even if anticoagulation were an
effective therapy for reducing stroke, the risks of bleeding need
to be considered. For instance, in a registry study of 7368
cardiac surgery patients with POAF, use of anticoagulation led
to more bleeding events (adjusted HR 1.4; 95% CI, 1.08-
1.81), with no long-term differences in thromboembolism.””

Therefore, until better evidence is available, anti-
coagulation cannot be universally recommended in patients
with POAF after cardiac surgery. However, our data suggest
that it would be difficult to show a net clinical benefit for all
POAF patients in a randomized controlled trial of long-term
anticoagulation. A benefit may nevertheless be achievable in
higher-risk subgroups. Our post hoc analysis suggests that

patients with POAF and a prior history of stroke have a higher
absolute risk of subsequent stroke, providing a potential target
population for a future anticoagulation trial in patients with
POAF after cardiac surgery.

The current systematic review and meta-analysis provides
significant methodological improvements over previous pub-
lications. First, we included all types of cardiac surgeries.
Second, we strictly separated the analyses for short-term and
long-term risks of stroke. Third, we obtained additional un-
published data. Fourth, we used more-stringent eligibility
criteria compared to previous meta-analyses.””*” POAF had
to be described as new in onset and reported independently
from other tachyarrhythmias, and individual studies were not
eligible if they omitted transient AF events or nonfatal strokes.

Our systematic review has limitations. A high degree of
heterogeneity was detected among individual studies reporting
short-term risk of stroke. Therefore, cautious interpretation of
the summary estimate is warranted. Most studies reporting
short-term stroke did not confirm whether strokes occurred
after the onset of POAF, limiting the establishment of cau-
sality. However, the vast majority of long-term studies clearly
specified that POAF occurred prior to stroke occurrence.
Publication bias was detected in the analysis for long-term risk
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of stroke, suggesting that small studies demonstrating no as-
sociation or an inverse association of POAF with stroke may
not be published. Nevertheless, our results remained robust
after replacing these studies using the trim-and-fill method.
Postoperative anticoagulation use may have lowered the
observed magnitude of association between POAF and stroke.
This lowering is unlikely to have had a significant effect on the
overall risk estimates, given that the reported rates of anti-
coagulation use were generally low. However, there may be
certain subgroups of patients, such as those with persistent or
recurrent AF, who may still benefit from anticoagulation. As
our study did not assess the duration of AF, we could not
determine its effect on stroke risk.

Conclusion

In this systematic review and meta-analysis, POAF after
cardiac surgery was associated with an increased risk of short-
term and long-term stroke. Although a potentially relevant
ARD in short-term stroke was observed, the role of early
anticoagulation use in this setting remains unknown and is
currently being investigated in clinical trials. Given the small
ARD in long-term stroke for patients with vs without POAF,
it is uncertain whether POAF patients benefit from long-term
anticoagulation therapy.
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