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ARTICLE INFO ABSTRACT
Artic{e history: Background and aims: Atrial Fibrillation (AF) is the most commonly diagnosed cardiac arrhythmia. It is
Received 20 August 2021 associated with significant morbidity and mortality, as it is a major risk factor for cerebral vascular acci-
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; . dents (CVA). Our aim was to determine the prevalence of pre-existing and new-onset AF among patients
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undergoing liver transplantation (LT) and its impact on post-transplant outcomes.

Keywords: Methods: Medline and Embase were searched. Single-arm analysis was conducted using the generalized
Atrial fibrillation linear mixed model to determine the prevalence of pre-existing and new-onset AF. Logistic regression
Arrhythmia was performed to analyze risk factors. Comparative meta-analysis in odds ratio was conducted for binary
Hepatic transplantation outcomes.

Liver transplantation Results: Twenty articles were included, with 17 studies on pre-existing AF, and 7 including data on new-

onset AF post-LT. The prevalence of pre-existing AF was 3.3% (CI 2.3-4.7) (14 studies, 45,070 patients) in
pooled analysis. Significantly higher prevalence of pre-existing AF patients from North America was noted
when compared to Europe (4.5%, CI 3.4-5.8 vs 1.5%, CI 0.8-2.7; p = 0.001). Body mass index (BMI), history
of hypertension, diabetes, coronary artery disease (CAD), and cerebrovascular accidents (CVA) were risk
factors for pre-existing AF. Pre-existing AF was significantly associated with major adverse cardiac or
cerebrovascular events (MACCE) postoperatively (OR 8.02, 95%CI 5.40-11.90, p < 0.001). New-onset AF
post-LT had an incidence of 6.8% (CI 4.9-9.3), and was associated with increased risk of mortality (OR
2.31, 95% CI 1.76-3.02, p < 0.001) and graft failure (OR 2.98, CI 1.99-4.47, p < 0.001).
Conclusion: AF is relatively more common among patients undergoing LT compared to the general non-
transplant population. Additionally, it is associated with adverse outcomes including MACCE, thus war-
ranting clinical attention. Thorough cardiac assessment, and close surveillance of post-operative AF may
be clinically prudent.

© 2021 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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LT recipients [1]. In particular, chronic liver disease has been
increasingly identified as a predictor of atrial fibrillation (AF), and
the prevalence of AF is significantly higher in patients requiring
LT compared to the general population [2]. Furthermore, AF has
been associated with increased risk of postoperative complications
including cerebrovascular [3] and cardiovascular disease [4], as
well as increased mortality following LT [5,6].

Current guidelines by the European Society for Organ Trans-
plantation (ESOT) [7] and the American Association for the
Study of Liver Diseases (AASLD) [8] recommend for all patients
to undergo pre-transplant electrocardiogram and transthoracic
echocardiography to screen for underlying cardiovascular disease.
However, the current practices regarding cardiovascular evaluation
in LT candidates largely focuses on the pre-emptive identification
of coronary artery disease (CAD) and portopulmonary hyperten-
sion, with not much focus directed towards picking up pre-existing
arrhythmias [9,10].

The existing literature regarding arrhythmias in LT has pri-
marily been directed towards the identification of new-onset
AF [11] in the intra-operative and postoperative periods [12,13].
The assessment of pre-existing AF remains unclear despite its
importance in stratifying patients according to their predicted risk
of post transplant morbidity and mortality [14]|. The impact of
pre-existing AF prior to LT on post transplant outcomes, therefore
needs to be better defined. In the present meta-analysis we aimed
to define (1) the prevalence of pre-existing AF before LT, (2) its
associated risk factors in patients undergoing LT, and (3) its impact
on postoperative outcomes including mortality and cardiovascular
complications.

2. Methods
2.1. Search strategy

A systematic literature search was conducted on Medline and
Embase database for articles relating to pre- and post-transplant
arrhythmias from inception to 30 May 2021. The search strategy
used included MeSH and text word searches on ‘Liver Transplant’,
‘Atrial Fibrillation/ Flutter’ and ‘Arrhythmias’ and the related
search terms. No date restriction was applied. Identified abstracts
were compiled and duplicates were removed with Endnote X9
Software. In addition, the screening of references of relevant
papers and a previous meta-analysis was also conducted to iden-
tify further eligible studies not covered by the original database
searches. The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA 2020) guidelines were adhered to in
the synthesis of the review [15].

2.2. Eligibility and selection criteria

Prospective, retrospective cohort and case control studies as-
sessing the prevalence of pre-existing AF among pre-transplant
LT recipients, as well as the impact of pre-existing AF on patient
outcomes following transplantation, were included in the study.
Studies on the impact of new-onset AF on outcomes following LT
were also included for analysis. Only original studies and English
language articles were considered for inclusion, excluding reviews,
commentaries, editorials, conference abstracts and articles origi-
nating from the same database. Other exclusion criteria were as
follows: (i) studies that did not specify whether the arrhythmia
was a pre-existing co-morbidity or arose de novo after LT, and (ii)
pediatrics studies defined as study population of 18 years of age
or younger at time of transplant. The inclusion of an article was
evaluated by two independent blinded authors (SWZ, TLYF), with
any disagreements being resolved by obtaining the consensus of a
third author (DT).
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2.3. Data extraction

Relevant data from each article including but not limited to
background information (author, year, hospital, country, study
design, sample size), baseline characteristics (age, proportion of
female gender, etiology of transplantation, MELD score, body mass
index (BMI), presence of diabetes mellitus, hypertension, and
hyperlipidemia, smoking status, history of previous CAD, history
of previous cerebrovascular accident (CVA), presence of ascites,
and hepatorenal syndrome, were extracted by two independent
authors (SWZ and TLYF) onto a structured proforma. The main
outcomes of interest in this meta-analysis were the prevalence
of pre-existing AF before LT, and the effect on postoperative
outcomes including mortality, and postoperative major adverse
cardiac or cerebrovascular events (MACCE) in LT recipients. The
incidence of new-onset AF occurring after LT was also extracted,
and its effects on mortality and graft failure were analyzed.

2.4. Definition of outcomes

The identification of arrhythmias was made through various
cardiac testing including electrocardiogram (ECG) or 24 h Holter.
Pre-existing AF was defined as known AF, which included parox-
ysmal, persistent or permanent AF, before LT. As with previous
studies, new-onset AF was defined as the first diagnosis of AF that
arose within 30 days postoperatively in patients without ECG ab-
normalities at the time of LT and without existing history of AF in
the medical record [12,13,16,17]. Risk factors that were considered
in our analysis included age, female gender, MELD score, presence
of hypertension, hyperlipidemia, and diabetes, history of CAD or
CVA, smoking history, and etiology of chronic liver disease. Postop-
erative MACCE was defined as a composite outcome encompassing
postoperative myocardial infarction, CVA, heart failure, pulmonary
embolism, and arrhythmias requiring hospitalization. Graft failure
was defined as patients requiring re-transplantation, or mortality
resulting from primary graft rejection [18,19].

2.5. Statistical analysis

All analyses was conducted in RevMan 5.4 and R Studio (Ver-
sion 1.3.1093). To determine the prevalence of pre-existing AF
before LT and new-onset AF after LT, a single-arm meta-analysis of
proportions was conducted with the metaprop function in R Studio
using a generalized linear mixed model with Clopper Pearson
intervals [20,21]. Statistical heterogeneity was assessed via I? and
Cochran’s Q test values, and an I? value of 40% or a Cochran’s
Q test with p-value <0.10 was considered heterogeneous [22,23].
However, there is currently a lack of appropriate tools to assess
heterogeneity in prevalence meta-analysis [24]|, with previous
single-arm proportions based meta-analysis often having an I? ex-
ceeding 90% [25,26]. Thus, the random effects model was used in
all analysis regardless of heterogeneity, as recent evidence has also
suggested that it provides more robust outcome measures com-
pared to the alternative fixed effects models [27]. When sufficient
studies were available, analysis on the effect of risk factors on the
prevalence of pre-existing AF was conducted with a generalized
linear model in the binomial family with a logit link and inverse
variance weightage via a fractional-logistic regression model. The
coefficients were than exponentiated to obtain the odds ratio (OR)
and corresponding 95% confidence intervals (95% CI) [28-30]. For
outcomes where meta-analysis was not considered appropriate, a
systematic reporting of the existing literature was done.

In the assessment of postoperative outcomes, the included
articles did not provide effect estimates adjusted for risk factors.
As such, we performed a conventional pairwise meta-analysis
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using the Mantel-Haenszel random effects model to obtain the un-
adjusted odds ratios (ORs) and the corresponding 95% confidence
intervals (95%CI) between patients with and without pre-existing
AF, or patients with and without new-onset AF. Statistical signif-
icance was considered for outcomes with p value < 0.05. Risk
of bias for cohort and single-arm studies were graded with the
Joanna Briggs Institute (JBI) quality assessment [31]. The JBI crit-
ical assessment grades articles based on generalisability of study
cohorts, statistical analysis including dealing with confounding
variables, reporting of outcomes, and losses to follow-up.

3. Results
3.1. Summary of included articles

A total of 1484 articles were included in the initial sieve of
titles and abstracts and after removal of duplicates 164 articles
were selected for a full-text review. Twenty articles were finally
included for analysis (Fig. 1), with 12 studies from the United
States [5,6,17,32-40], three studies from Sweden [41-43], two
studies from Australia [12,16], and one study each from Italy [44],
Netherlands [45], and Spain [46]. Sixteen studies were retrospec-
tive cohort studies, with three prospective cohort studies, and one
case-control study also being included in our final analysis. A total
of 13 studies included data on pre-existing AF only, four studies
provided data on new-onset AF after LT only, and the remaining
three studies included data on both pre-existing and postopera-
tively developed new-onset AF. The summary of article characteris-
tics and quality assessment is included in Supplementary Material
2, while the risk of bias is included in Supplementary Material 3.

3.2. Adherence to guidelines before liver transplant

In all studies, pre-existing AF were diagnosed through abnormal
changes in ECG and/or Holter monitoring. Only five studies (25%)
reported adherence to established practice guidelines, with four
studies following the American College of Cardiology/American
Heart Association (ACC/AHA) guidelines [5,6,41,42], and one study
following the AASLD guidelines [35].

3.3. Pre-existing atrial fibrillation before liver transplant

3.3.1. Overall prevalence of AF

The prevalence of pre-existing AF prior to LT was 3.3% (CI
2.3-4.7) from pooled analysis of 14 studies and 45,070 patients
(Fig. 2). When analysis was stratified by region, the prevalence
of pre-existing AF in patients that underwent LT in Europe was
found to be 1.5% (CI 0.8-2.7). Comparatively, the prevalence of
pre-existing AF in patients who underwent treatment in North
American transplant centers was significantly higher at 4.5% (CI
34-5.8, p = 0.001). There was no significant difference with
study end-date when the prevalence of AF was stratified using
cumulative meta-analysis.

3.3.2. Factors associated with pre-existing AF

From our pooled analysis, BMI (OR 1.41 per 1 kg/m? increase
in weight, 95%CI 1.04-1.90 p = 0.025), presence of hypertension
(OR 1.02, 95%CI 1.01-1.04, p = 0.030), diabetes (OR 1.13, 95%CI
1.03-1.25, p 0.032), history of CAD (OR 1.05, 95%CI 1.00-
110, p = 0.038), and history of CVA (OR 1.22, 95%CI 1.05-1.43,
p = 0.023) were associated with pre-existing diagnosis of AF
before transplantation. However, age, female gender, MELD score,
smoking history, presence of hyperlipidemia, presence of ascites
and HRS, and etiology of chronic liver disease, were not associated
with pre-existing AF (Table 1).

616

Digestive and Liver Disease 54 (2022) 614-621

Table 1
Risk factors associated with pre-existing AF.

Risk factor Studies OR (95% CI) p
Female gender 12 1.27 (0.95-1.69) 0.14
Age 12 1.04 (1.00-1.09) 0.109
BMI 7 1.41 (1.04-1.90) 0.025
MELD 9 0.99 (0.98-1.00) 0.154
Hypertension 11 1.02 (1.01-1.04) 0.030
Hyperlipidemia 8 1.00 (0.97-1.02) 0.742
Diabetes 11 1.13 (1.03-1.25) 0.032
Smoking 7 1.04 (1.00-1.09) 0.135
History of CAD 12 1.05 (1.00-1.10) 0.038
History of CVA 7 1.22 (1.05-1.43) 0.023
Ascites 5 1.00 (0.99-1.01) 0.837
HRS 5 1.02 (0.99-1.06) 0.335
etiology of liver disease

ALD 10 0.97 (0.95-1.00) 0.065
NASH 10 1.01 (0.98-1.04) 0.502
Viral 9 1.000 (1.00-1.00) 0.429
HCV only 6 0.98 (0.96-1.01) 0.269

Abbreviations: ALD - alcoholic liver disase; BMI - body mass index; CAD - coronary
artery disease; CVA - cerebrovascular accident; HCV - hepatitis V virus; HRS - hep-
atorenal syndrome; MELD - model of end-stage liver disease; NASH - non-alcoholic
steatohepatitis.

Table 2

Summary of risk factors associated with new-onset AF post transplant.
Risk factor Studies OR (95% CI) P
Female gender 6 1.02 (0.93-1.11) 0.745
Age 6 1.09 (1.00-1.20) 0.132
BMI 4 1.22 (1.07-1.39) 0.048
MELD 4 0.99 (0.95-1.04) 0.813
HTN 4 1.08 (1.06-1.09) 0.008
CAD 4 1.10 (0.98-1.23) 0.252
etiology of liver disease
NASH 4 1.02 (1.01-1.04) 0.122
ALD 4 1.00 (0.97-1.04) 0.932

Abbreviations: ALD - alcoholic liver disase; BMI - body mass index; CAD - coro-
nary artery disease; MELD - model of end-stage liver disease; NASH - non-alcoholic
steatohepatitis.

3.3.3. Impact of pre-existing AF on clinical outcomes

The summary of results for postoperative outcomes is included
in Table 3. From pooled analysis of 36,569 LT patients, pre-existing
AF was associated with significantly increased risk of MACCE
after LT (OR 8.02, 95%CI 5.40-11.90, p < 0.001, Fig. 3). Patients
with diagnosis of pre-existing AF were associated with increased
mortality, although this did not reach statistical significance (OR
2.50, 95% CI 0.87-7.18, p = 0.09, Fig. 3). Additionally, Bargehr
et al. [6] reported that pre-existing AF was associated with greater
risk of intra-operative cardiac complications, including severe
intra-operative hemodynamic instability, cardiac arrest requiring
cardiac massage, and ventricular tachycardia (28% vs 5%, p = 0.02).

3.4. New-onset atrial fibrillation after liver transplant

3.4.1. Incidence of new-onset AF post transplant

From a pooled analysis of 7 studies involving 5222 patients, the
incidence of new-onset AF in patients without ECG abnormalities
at time of transplant was 6.8% (CI 4.9-9.3).

3.4.2. Factors associated with new-onset AF post transplant

Increased BMI (OR 1.221 per 1 kg/m?2 increase in weight, 95%CI
1.07-139, p = 0.048), and hypertensive history (OR 1.08, 95%CI
1.06-1.09, p = 0.008) continued to be significantly associated
with the development of new-onset AF after LT. However, gender,
age, MELD, history of CAD, and etiology of liver disease were not
found to be significant predictors of new-onset AF post transplant
(Table 2).
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Fig. 1. PRISMA flowchart of included articles.

Table 3
Summary of outcomes associated with pre-existing and new-onset AF.

Outcome studies events n OR (95% CI) p

Pre-existing AF before LT

Mortality 2 107 852 2.50 (0.87-7.18)  0.090
MACCE 4 1089 36,569 8.02 (5.40-11.90] <0.001
New-onset AF after LT

Mortality 5 581 4195  2.31(1.76-3.02) <0.001
Graft failure 3 362 3408  2.98 (1.99-4.47) <0.001

Abbreviations: AF - atrial fibrillation; CVS - cardiovascular system; MACCE - major
adverse cardiac or cerebrovascular events; LT - liver transplantation.

3.4.3. Outcomes of new-onset AF post transplant

From pooled analysis of 5 studies and 4195 patients, new-onset
AF after transplant was associated with increased mortality (OR
2.31, 95% CI 1.76-3.02, p < 0.001, Fig. 3). Patients with new-onset
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AF were also found to be at higher risk of graft failure (OR 2.98, CI
1.99-4.47, p < 0.001, Fig. 3). Additionally, Koshy et al. [12] reported
that new-onset AF was a significant predictor of postoperative
thromboembolic events (aHR 8.36, 95% CI 2.34-29.79, p = 0.001).
Enayati et al. [16] also found new-onset AF associated with in-
creased occurrence of long-term major adverse cardiac events
(MACE), consisting of myocardial infarction, heart failure, and
cardiac arrest (HR 3.70, CI 1.70-3.90, p < 0.001).

4. Discussion

This meta-analysis expands on our understanding of the im-
pact of pre-existing and new-onset AF in LT recipients. Previous
meta-analysis was largely centered on the outcomes of patients
with postoperative AF, whereas the current analysis presents the
spectrum of AF, encompassing pre-existing and new-onset AF
outcomes [47]. Additionally, the previous analysis did not account
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Fig. 2. Pooled prevalence of pre-existing AF.
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Fig. 3. Effect of (A) Pre-existing AF on mortality (B) Pre-existing AF on development of MACCE after LT (C) New-onset AF after LT on mortality (D) New-onset AF after LT on

graft failure.

for patients with pre-existing AF prior to transplant, and patients
with pre-existing AF that persisted after LT could have further
confounded previous findings.

In our pooled analysis, the overall prevalence of pre-existing
AF was significantly higher than reported in the general (i.e. non-
transplant) population which was previously reported at 2.0% [48].
Elevated BMI, hypertension, diabetes mellitus, history of CAD and
CVD were significantly associated with pre-existing diagnosis of
AF prior to LT. Furthermore, BMI and hypertension continued to be
significantly associated with new-onset AF after LT. This is corrob-
orated by previous studies on the modifiable and non-modifiable
risk factors for the occurrence of AF [49,50]. In particular, high
BMI was identified as a significant risk factor for pre-existing
AF (OR 141, 95% CI 1.04-1.90, p = 0.025) and new-onset AF (OR
1.22, 95%Cl 1.07-1.39, p = 0.048), with previous studies suggesting
that chronic obesity directly promotes arrhythmogenicity through
interference with the cardiac action potential from increased
pericardial fat deposits, and also indirectly increases the risk of AF
through its association with other predisposing factors including
hypertension, diabetes, and obstructive sleep apnea (OSA) [50-52].

For the detection of paroxysmal AF, studies have shown that
24 h Holter monitoring might have similar sensitivities, albeit
low, in detecting paroxysmal AF compared to the standard 12-lead
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resting ECG due to the short screening period with the use of
Holter monitoring [53-55]. As such, there are no differences
between resting 12-lead ECG and 24 h Holter monitoring in the
detection of pre-existing AF which is largely paroxysmal [36], and
the effect of screening device on the prevalence of pre-existing AF
is unlikely to be significant.

Interestingly, there was a significantly higher prevalence of
pre-existing AF in patients undergoing LT in North American
transplant centers, compared to those in Europe. Differences in
baseline demographics, most notably the higher prevalence of
metabolic syndrome in the North American versus European
population (34.2% vs 24.3%) [56,57], could have predisposed LT
patients in North America to cardiovascular complications includ-
ing AF [50]. Additionally, NASH represents the fastest growing
indication for LT in the US [58,59], and epidemiological differences
could have further confounded the prevalence of pre-existing AF in
candidates from North American centers. Results from our pooled
analysis supports this trend, with significantly higher prevalence
of patients undergoing LT for NASH in North American compared
to European centers (North America: 15.7%, CI 8.6-27.0 vs Europe:
4.0%, CI 1.9-8.3; p = 0.004). This is corroborated by existing lit-
erature demonstrating significant associations between NASH and
elevated risk of cardiac arrhythmias including AF [60-62]. Patients

Downloaded for Anonymous User (n/a) at Health and Social Services Agency 8 Berica from ClinicalKey.com by Elsevier on
April 27, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



W.Z. So, EL. Tan, D,J.H. Tan et al.

with NASH also often present with higher BMI compared to other
etiologies, thus contributing to an increased risk of AF [63-65].

Atrial fibrillation prior to LT was associated with increased risk
of postoperative MACCE. A trend towards increased mortality with
AF was noted, however, this did not reach statistical significance.
The relationship between pre-existing AF before transplant and
mortality needs to be better defined and the lack of current
association might represent heterogeneity in reported outcomes
and validation of clinical measures. New-onset AF post trans-
plant is also of particular concern, as our pooled analysis found
new-onset AF to be further associated with significantly increased
mortality risk. Previous studies have demonstrated that patients
with postoperative AF are at a higher risk of adverse outcomes
including stroke, hemodynamic instability, prolonged hospital stay,
and increased healthcare cost [66]. New-onset AF was also associ-
ated with increased risk of graft failure, however, the mechanism
underlying this association remains to be studied. Possible patho-
physiology mechanisms of graft failure associated with AF might
include elevated filling pressures secondary to AF, pulmonary and
venous congestion leading to poorer graft outcomes, or compro-
mised hemodynamics as a result of suboptimal AF rate control.
Poorer postoperative outcomes in patients with AF, including
increased mortality and graft failure, could have been further
confounded by the likely increased prevalence of co-morbidities
including diabetes, hypertension, hyperlipidemia, and OSA in this
group of patients with AF. Further investigation is thus required
regarding the association between pre-existing and new-onset AF,
and the increased risk of adverse postoperative outcomes.

4.1. Clinical implications

AF remains a core complication in LT before and after trans-
plant, and periodic assessment should be considered in LT patients
particularly in higher risk population given the cost-effectiveness
of ECG in detecting arrhythmias [67]. Currently, the 2019 AHA
guidelines recommend the continuation of beta-blockers post-
operatively in order to avoid major cardiovascular events [68].
Additionally, practice guidelines from the American Association
for Thoracic Surgery have suggested continuation of beta-blockers,
along with replacement of intravenous magnesium to prevent
hypomagnesemia, with close surveillance for postoperative AF
[69]. Electrolyte abnormalities predisposing patients to cardiac
arrhythmias might be of particular concern in the post-LT patient,
due to the inhibitory effects of calcineurin inhibitors on Ca%*
and Mg2*transport proteins in the kidney. This correspondingly
results in increased tubular loss of Mg2*and a greater incidence
of postoperative hypomagnesemia [70]. Postoperative monitoring
and replacement of electrolytes would be important in preventing
related complications. However, existing guidelines were primarily
based on patients undergoing non-cardiac thoracic surgery, with a
paucity of relevant data regarding patients undergoing abdominal
surgery, and LT in particular. Close surveillance and timely man-
agement of AF therefore remains an area of interest especially in
LT patients.

4.2. Strengths and limitations

This meta-analysis provides a summary of the prevalence and
risk factors associated with pre-existing and new-onset AF in LT
patients, as well as their effects on postoperative outcomes. How-
ever, there are limitations to the study. Firstly, the duration from
preoperative assessment to LT was not reported in a majority of
studies and could not be accounted for in our analysis. Addition-
ally, we could not address another source of heterogeneity arising
from a scarcity of reporting in terms of the protocol of pre-LT car-
diological assessment. There was also a shortage of data from other
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regions including Asia and Middle East, which reflects the need
for more studies from these regions due to differences in baseline
characteristics in LT patients compared to data from existing
studies. Literature on the effects of pre-existing AF on mortality,
and the risk factors associated with new-onset AF post transplant
were lacking, resulting in limited statistical power for analysis
of these outcomes. We were also unable to conduct subgroup
analysis based on AF type due to a paucity of available data, and
this remains an area of interest for further investigation. Finally,
analysis on the impact of modifiable lifestyle-related factors such
as alcohol consumption, and frequency of exercise on prevalence
of pre-existing AF was not available due to a lack of reporting.

4.3. Conclusion

Pre-existing AF is a significant comorbidity in patients under-
going LT and is associated with worse MACCE. New-onset AF post
transplant was also associated with adverse outcomes including
increased risk of graft failure and poorer overall survival. Thorough
preoperative cardiologic assessment, and close surveillance for AF
post transplant might be considered in high-risk patients to allow
for early intervention so as to optimize the chances of successful
postoperative outcomes.
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