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OBJECTIVES This study sought to determine the incidence, predictors, and prognostic implications of early post-lung

transplant atrial arrhythmias (AAs).

BACKGROUND Although frequently encountered, the prognostic implications of early AAs after lung transplant remain

uncertain.

METHODS A systematic review of MEDLINE and the Cochrane Library was conducted for all studies that reported early

post-lung transplant AAs. Random-effects DerSimonian-Laird risk ratios (RRs) were calculated for categorical variables

and standardized mean difference (SMD) for continuous variables.

RESULTS A total of 12 studies with 3,203 patients (mean age 57 � 3 years; 52% males) were included. The incidence of

early post-lung transplant AAs during hospitalization was 26.6% at mean follow-up duration of 6.7 days. Predictors of

post-lung transplant AAs included advanced age (SMD: 0.50; 95% confidence interval [CI]: 0.35 to 0.64), male gender

(RR: 1.37; 95% CI: 1.28 to 1.47), history of smoking (RR: 1.23; 95% CI: 1.05 to 1.46), hypertension (RR: 1.35; 95% CI: 1.13

to 1.59), hyperlipidemia (RR: 1.39; 95% CI: 1.18 to 1.63), coronary artery disease (RR: 1.40; 95% CI: 1.12 to 1.7), left atrial

diameter (SMD: 0.25; 95% CI: 0.07 to 0.44), and restrictive lung disease (RR: 1.34; 95% CI: 1.13 to 1.59). Post-lung

transplant AAs were associated with increased all-cause mortality (adjusted RR: 1.63; 95% CI: 1.22 to 2.19) at mean

follow-up of 27.8 months and length of hospital stay (36.5 � 16.5 days vs. 26.1 � 14.3 days; p < 0.001).

CONCLUSIONS Early AAs post-lung transplant are associated with increased mortality and length of hospital

stay. Advanced age, male sex, smoking, hypertension, hyperlipidemia, coronary artery disease, increased left atrial

diameter, and restrictive lung disease are independent predictors of early AAs in post-lung transplant patients.

(J Am Coll Cardiol EP 2017;-:-–-) © 2017 by the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

AA = atrial arrhythmia

CABG = coronary artery bypass

grafting

CI = confidence interval

LAD = left atrial diameter

OR = odds ratio

RR = risk ratio

SMD = standardized mean

difference
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in sicker patients becoming candidates for
this surgery, thus adding to the challenges
of post-operative care in these patients (2).
Atrial arrhythmias (AAs) commonly occur af-
ter lung transplantation, complicating 20% to
45% of cases (7–10). This is comparable to the
incidence of AAs after major cardiac sur-
geries, including heart transplantation and
coronary artery bypass grafting (CABG)
(11,12). Although early AAs are associated
with increased morbidity and mortality after
cardiac surgery (13), there are limited data
on its prognostic implications after lung transplant
(7–10,14–17). The aim of this study was to determine
the incidence and predictors of early AAs after lung
transplantation and to establish their prognostic im-
plications by assessing all-cause mortality and length
of hospital stay in these patients.

METHODS

This meta-analysis was conducted according to the
MOOSE (Meta-analysis of Observational Studies in
Epidemiology) guidelines (18). A systematic review of
MEDLINE and the Cochrane Library was conducted
from inception until July 2016, without language re-
striction, using the keywords “lung,” “transplant,”
“atrial,” and “arrhythmia.” The references of the
yielded articles were reviewed for additional studies
not retrieved from the original search. Figure 1 shows
the study selection method used for this analysis.
This meta-analysis was registered with the Interna-
tional Prospective Register for Systematic Reviews or
PROSPERO (CDR42016033229).

SELECTION CRITERIA AND DATA EXTRACTION. Studies
that reported the incidence and/or predictors of
early post-lung transplant AAs were included. In
order to fulfill the definition of early AAs, we
included only studies with a mean AA incidence of a
maximum 2 weeks from lung transplant operation.
Each study had to include a group of patients
experiencing AAs and a control group that did not
experience AAs post-transplant for comparison. In
order to calculate the risk ratio (RR), only articles
that reported quantitative raw data for predictors
and outcomes were considered. For the purpose of
this study, we defined AAs as atrial fibrillation and/or
atrial flutter. Data extracted were independently
reviewed by 2 authors (M.S. and A.N.M.), and
discrepancies were resolved by consensus. Data
retrieved included study design, patient characteris-
tics, underlying lung disease, type of transplant (i.e.,
single lung, double lung, or heart-lung transplant),
procedure characteristics (i.e., cardiopulmonary
bypass, ischemic time, and use of vasopressors),
various cardiovascular parameters (i.e., left atrial
diameter [LAD], left ventricular ejection fraction, and
history of preoperative AAs), all-cause mortality
outcome, and in-hospital length of stay. All-cause
mortality events and mean in-hospital length of stay
were tabulated. The quality of included studies was
assessed using the Newcastle-Ottawa Scale for cohort
studies (19). The overall quality of evidence of all-
cause mortality outcome was assessed by the
Grading of Recommendations Assessment, Develop-
ment and Evaluation score (GRADE) tool as recom-
mended by Guyatt et al. (20).

OUTCOMES AND DEFINITIONS. The outcomes of this
meta-analysis included 1) total incidence of early AAs
after lung transplant; 2) predictors of early post-lung
transplant AAs; and 3) impact of early AAs after lung
transplant on all-cause mortality and hospital length
of stay. The outcome of stroke could not be evaluated
because it was reported by only 1 study (16). Other
outcomes such as mechanical ventilator days and
immediate post-operative length of stay also could
not be obtained.

Predictors included in the analysis were agreed on
by consensus after reviewing the previous literature
on risk factors and incidence of AAs after heart
transplant (9,15,21). Such predictors included, but
were not limited to, baseline characteristics
(i.e., age, gender, race and comorbidities such as
hypertension, hyperlipidemia, and diabetes melli-
tus), peritransplant parameters (i.e., etiology of lung
disease, type of lung transplant, and procedure
characteristics), and cardiovascular parameters as
stated previously.

STATISTICAL ANALYSIS. Descriptive analyses were
conducted using frequency for categorical variables
and mean � SD for continuous variables. Hazard ratio,
odds ratio (OR), and 95% confidence interval (CI) for
various predictors of AA and mortality were gathered
if reported by the study. DerSimonian and Laird’s
random-effects model (22) was used to calculate
summary RR for all categorical outcomes/predictors
of interest and standardized mean difference (SMD)
for all continuous outcomes/predictors. Summary
unadjusted RRs were calculated for all predictors of
AA using the reported events in each arm. In case of
absence of reported events for any predictor, the
adjusted effect size was used for calculation of sum-
mary adjusted RRs. The incidence of post-lung
transplant AA was plotted over time to evaluate
whether a correlation between the incidence of AA
and year of patients’ enrollment (i.e., time era) exists.



FIGURE 1 Flow Diagram of the Study Selection Method
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For the outcome of all-cause mortality, we calcu-
lated both unadjusted and adjusted summary RRs
(using the adjusted hazard ratio reported in each
study). If adjusted OR was reported by the individual
study, we converted OR to RR using a previously
published formula (23). CIs were calculated at the 95%
level for the overall estimates effect, and 2-tailed p <

0.05 was considered significant. Statistical heteroge-
neity was evaluated by I2 statistic value, with
values <25% considered of low heterogeneity and
values >50% considered of high heterogeneity (24).
Publication bias was calculated using the Egger
method (25). All analyses were performed using STATA
software version 14 (StataCorp, College Station,
Texas).
RESULTS

A total of 12 observational studies with 3,203 patients
(mean age 56.8� 3.1 years; 51.8%males) were included
for analysis (7–10,14–17,21,26–28). Of these studies, 3
explicitly excluded patients with preoperative AAs;
4.7% of the population in the other 9 studies had a
history of preoperative AAs. AAs were defined in 7
studies (7,8,10,15,16,21,26) as either atrial fibrillation
or flutter and in 5 studies (9,14,17,27,28) as atrial
fibrillation only. Lung transplant was performed for
obstructive lung disease (chronic obstructive lung
disease, alpha1-antitrypsin deficiency and cystic
fibrosis) in 39.3%, restrictive lung disease (interstitial
lung disease, idiopathic pulmonary fibrosis, and
sarcoidosis) in 41.5%, and other etiologies including
pulmonary vascular disease in 19.2% of the cohort.
Data on the type of lung transplant were reported in 9
studies; double lung transplant, single lung trans-
plant, and combined heart-lung transplant were per-
formed in 68%, 31.4% and 0.6%, respectively. Data
about cardiopulmonary bypass were reported in 2
studies (14,15). Baseline characteristics of both the
early AAs and control groups are summarized in
Table 1. Of the 12 included studies, 10 were considered
high quality according to the Newcastle-Ottawa Scale
for cohort studies (Table 2).

INCIDENCE AND PREDICTORS OF EARLY

POST-LUNG TRANSPLANT AA. The overall incidence
of early post-lung transplant AAs was 26.6% (95% CI:
21.8% to 31.5%) at a weighted mean duration of 6.7 �
2.5 days after surgery (Online Figure 1). Predictors of
early post-lung transplant AAs included advanced age
(55.22 � 5.6 years in AAs group vs. 49.23 � 6.6 years in
control group; SMD: 0.49; 95% CI: 0.35 to 0.64;
p < 0.001), male gender (RR: 1.37; 95% CI: 1.28 to 1.47;
p < 0.001), previous smoking history (RR: 1.23; 95%
CI: 1.05 to 1.46; p ¼ 0.01), hypertension (RR: 1.35; 95%
CI: 1.13 to 1.59; p ¼ 0.001), hyperlipidemia (RR: 1.39;
95% CI: 1.18 to 1.63; p < 0.001), coronary artery dis-
ease (RR: 1.40; 95% CI: 1.12 to 1.7, p ¼ 0.004), LAD
(SMD: 0.25; 95% CI: 0.07 to 0.44; p ¼ 0.008), and
restrictive lung disease (RR: 1.34; 95% CI: 1.13 to 1.59;
p ¼ 0.001) (Figure 2). Diabetes mellitus (RR: 0.84; 95%
CI: 0.55 to 1.27; p ¼ 0.40), double lung transplant
(RR: 1.01; 95% CI: 0.91 to 1.12; p ¼ 0.83), chronic



TABLE 1 Baseline Patient Characteristics in the Included Studies

Study Authors
(Ref. #)

Study
Year Patients, n Type of LT Age, yrs Male, % HTN, % CAD, %

Double
LT, %

Obstructive
LD, %

Restrictive
LD, %

Mean
Follow-Up,
months

D’Angelo et al. (21) 2016 198/454 Single and double N/A* 66/55 47/33 30/22 83/86 36/35 55/44 60

Chaikriangkrai et al. (16) 2015 73/220 Single and double 60/56 74/52 58/53 45/40 73/69 23/27 70/63 28

Raghavan et al. (14) 2015 46/85 Single and double 60/55 65/54 NR NR 91/85 30/26 57/53 17.4

Orrego et al. (9) 2014 65/273 Single and double NR 79/53 39/30 23/10 71/65 32/29 51/36 12

Malik et al. (27) 2013 27/147 Single, double and heart 56/49 74/54 30/24 7/7 NR 41/19 56/58 NR

Henri et al. (15) 2012 65/159 Single and double 54/44 66/43 23/15 11/3 57/56 NR 40/10 0.6†

Azadani et al. (17) 2011 35/234 Single and double 60/52 74/53 NR NR 69/85 14/25 71/45 NR

Isiadinso et al. (10) 2011 62/75 Single, double and heart 59/57 65/47 NR 23/24 42/37 48/57 34/33 6.6

Lee et al. (26) 2010 94/233 Single and double NR NR NR NR NR NR NR NR

See et al. (28) 2009 78/120 Double 42/36 36/42 NR NR NR NR NR NR

Mason et al. (8) 2007 68/265 Single and double 54/47 65/48 22/10 35/22 29/45 54/51 34/25 NR

Nielsen et al. (7) 2004 78/120 Single and double 53/48 NR NR NR NR 53/49 24/13 NR

*Reported as categorical values. †Median follow-up duration reported.

AA ¼ atrial arrhythmia; CAD ¼ coronary artery disease; HTN ¼ hypertension; LD ¼ lung disease; LT ¼ lung transplant; N/A ¼ not applicable; NR ¼ not reported.
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obstructive pulmonary disease (RR: 1.04; 95% CI: 0.91
to 1.20; p ¼ 0.55), reduced left ventricular ejection
fraction (SMD: –0.008; 95% CI: –0.18 to –0.17;
p ¼ 0.93), and ischemic time (SMD: 0.01; 95% CI: –0.22
to –0.25; p ¼ 0.91) were not significant predictors for
early AAs after lung transplant. In addition, pre-
operative AAs were not a predictor of early post-
transplant AAs (adjusted RR: 1.66; 95% CI: 0.22 to
12.24; p ¼ 0.62). Furthermore, the incidence of post-
lung transplant AA did not change by the time of
enrollment (Online Figure 2). Online Table 1 summa-
rizes the variables used in each study for determina-
tion of the predictors of AA.
TABLE 2 Quality of Included Studies According to

Newcastle-Ottawa Scale for Cohort Studies

Study Authors
(Ref. #)

Study
Year Selection Comparability Outcome

D’Angelo et al. (21) 2016 *** * ***

Chaikriangkrai et al.
(16)

2015 *** * ****

Raghavan et al. (14) 2015 ** * ***

Orrego et al. (9) 2014 *** * *****

Malik et al. (27) 2013 ** n/a **

Henri et al. (15) 2012 *** * ****

Azadani et al. (17) 2011 *** * ***

Isiadinso et al. (10) 2011 *** * ***

Lee et al. (26) 2010 **** ** ***

See et al. (28) 2009 *** * ****

Mason et al. (8) 2007 *** ** *****

Nielsen et al. (7) 2004 ** * ****

A study with 7 or more * is considered of high quality.
ALL-CAUSE MORTALITY AND IN-HOSPITAL LENGTH

OF STAY. All-cause mortality was reported by
7 studies (8–10,14–16,21). All of these were considered
high-quality studies according to the Newcastle-
Ottawa Scale. The overall quality of evidence for all-
cause mortality outcome was moderate by the
GRADE (Grading of Recommendations Assessment,
Development and Evaluation) assessment tool
(Online Table 2). The incidence of all-cause mortality
was higher in subjects who developed early AAs
compared with those who did not (37.1% vs. 21.9%;
unadjusted RR: 1.69; 95% CI: 1.34 to 2.13, p < 0.001; I2:
40%) at a weighted mean follow-up of 27.8 � 22.7
months (Figure 3). Four studies reported adjusted RRs
for all-cause mortality (10,15,16,21). Summary
random-effects analysis of the adjusted RRs showed
an increased risk of all-cause mortality with early
post-lung transplant AAs compared with the control
group (RR: 1.63; 95% CI: 1.22 to 2.19; p ¼ 0.001)
(Figure 4). There was no evidence of publication bias
(p ¼ 0.52). Online Table 3 summarizes the indepen-
dent variables used in each study for calculating
adjusted effect size of all-cause mortality with AA.
Subjects who developed early AAs after lung trans-
plant had a longer hospital stay compared with those
with no AAs (36.5 � 16.5 days vs. 26.1 � 14.3 days;
SMD: 0.40; 95% CI: 0.19 to 0.62; p < 0.001; I2 ¼ 66).

DISCUSSION

The current meta-analysis of 12 studies with 3,203
patients who underwent single or double lung trans-
plant demonstrated a high incidence of early
post-operative AAs, similar to previously reported



FIGURE 2 Summary Unadjusted Risk Ratios of Statistically Significant Predictors of Atrial Arrhythmia by DerSimonian and Liard

Random-Effects Model
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incidences after major cardiothoracic surgeries such
as CABG and heart transplant (29–31). Major pre-
dictors for early post-lung transplant AAs included
increased age, male gender, history of smoking, hy-
pertension, hyperlipidemia, coronary artery disease,
LAD, and underlying restrictive lung disease. We also
demonstrated that the development of early AAs after
lung transplant may have important prognostic im-
plications. Early AAs after lung transplantation were
associated with an increased risk of all-cause mor-
tality. This association was observed even after
adjustment for several comorbidities, including age,
hypertension, and coronary artery disease, arguing
for an independent association between early post-
transplant AA and all-cause mortality. However, it is
possible that early post-transplant AAs represent a
marker of an underlying sicker population of patients
who have higher chances of both short- and long-
term mortality.

It is hypothesized that the increased incidence of
early AAs after lung transplantation is a result of high
circulating levels of inflammatory mediators in the
post-operative period (9,32), along with amplified
sympathetic activity after surgery (33). Our study
suggests that the substrate of AA in those patients is
the recipient’s left atrium, based on the lack of benefit
of double lung transplant (in which complete surgical
pulmonary vein isolation is performed) compared
with single lung transplant.

Multiple large multicenter studies have demon-
strated that AAs are associated with both early and
late mortality after CABG and heart transplantation
(13,29–31,34–36). Patients with and without AAs had a
survival difference that was evident early and
increased with time (29). Our study demonstrated
that certain patient characteristics are independent
risk factors for early AAs after lung transplant. Careful
monitoring of these patients for early AAs after sur-
gery and consideration for anticoagulation therapy, if
not contraindicated, may be beneficial. Anti-
coagulation therapy with warfarin has been associ-
ated with a reduction in risk of long-term mortality in
CABG patients who developed AAs (29). Current
American College of Chest Physicians and American
College of Cardiology/American Heart Association
guidelines (37) recommend the use of beta-blockers
and amiodarone for the prevention and manage-
ment of post-CABG AAs based on a few studies that
have shown reduction in the incidence of arrhythmias
and possible reduction in hospital cost with such
medications (38–41). However, a recent study
demonstrated similar outcomes and length of hospi-
tal stay in patients treated with rate versus rhythm
control for post-cardiac surgery atrial fibrillation,



FIGURE 3 Summary Unadjusted Risk Ratio of All-Cause Mortality by DerSimonian and Laird Random-Effects Model
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with overall low incidence of persistent atrial fibril-
lation at 60 days after its onset (42). Additionally,
there are anecdotal data on the benefit of statins and
ranolazine for the prevention and management of
post-cardiac surgery atrial fibrillation (43–46).
Although the incidence of early post-lung transplant
AAs is comparable to that after cardiac surgery,
studies evaluating the best management strategies
for early post-lung transplant AAs are lacking; thera-
peutic options for these patients have thus far been
extrapolated from studies that addressed early AAs in
post-CABG patients (7–10,14–17).

In the present meta-analysis, we only included
studies that reported atrial fibrillation and/or atrial
flutter post-lung transplant, mainly because of the
difference in pathophysiology and management of
such AAs compared to other atrial tachyarrhythmia
(e.g., atrioventricular nodal reentrant tachycardia,
atrioventricular reentrant tachycardia, and atrial
tachycardia). Both atrial fibrillation and flutter are
associated with a higher risk of stroke, which is not
the case for other AAs (47). Although establishing an
association between early AAs and early/late stroke
incidences is important in lung transplant recipients,
most of the included studies did not report the
outcome of stroke; thus, we were unable to analyze
this endpoint. New-onset embolic stroke may have
contributed to the increased risk of long-term mor-
tality, as shown in similar post-CABG and heart
transplant cohorts (13,29–31). At the same time, recent
evidence has shown a significant association of atrial
fibrillation with multiple comorbidities other than



FIGURE 4 Summary Adjusted Risk Ratio of All-Cause Mortality by DerSimonian and Laird Random-Effects Model
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stroke, such as chronic kidney disease, congestive
heart failure, ischemic heart disease, peripheral
vascular disease, and sudden cardiac death, all of
which might be contributing to the higher mortality
incidence obvious in our patient population (47).

STUDY LIMITATIONS. To our knowledge, this review
represents the largest cohort to date evaluating the
impact of early AAs on post-lung transplant out-
comes. However, this study has several limitations.
As is the case with all observational studies, some
confounders may have been unaccounted for; none-
theless, we conducted a secondary analysis using the
adjusted effect size for all-cause mortality in an
attempt to conduct a more robust association. The
lack of data on important outcomes such as stroke
incidence and immediate post-operative length of
stay after lung transplant hindered the evaluation of
early AA association with these outcomes. Because
we aimed to evaluate AA related to lung transplant,
we limited our analysis to the studies that reported
early post-operative AA; thus, the predictors and
outcomes of late post-lung transplant AA were not
examined. Also, the definition of early AAs was not
consistent among all studies; however, both atrial
fibrillation and flutter carry a similar long-term
prognosis. Furthermore, studies exhibited a wide
range of time to follow-up for all-cause mortality.
Finally, the lack of patient level data limited estab-
lishing the impact of pre-operative medications (such
as beta-blockers or calcium-channel blockers) on the
incidence of post-lung transplant AA as well as the



PERSPECTIVES

COMPETENCE IN MEDICAL KNOWLEDGE 1:

Early AAs occur commonly post-lung transplant and

are associated with a significant increase in the

incidence of post-lung transplant mortality.

COMPETENCE INMEDICALKNOWLEDGE2: Older

male patients with a history of smoking, restrictive lung

disease, hypertension, coronary artery disease, hyperlip-

idemia, or LAD in trans-thoracic echocardiography carry a

higher risk of developing early AAs after lung transplant.

TRANSLATIONAL OUTLOOK: Randomized clinical

trials are required to assess the impact of early anti-

coagulation and rhythm versus rate control strategies

on various clinical outcomes including stroke and

all-cause mortality after lung transplant.
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impact of different antiarrhythmic medications and
ablation techniques on the main outcome of all-cause
mortality.

CONCLUSIONS

Multiple risk factors were shown to correlate with a
higher incidence of early post-operative AAs, which
may have an additive association with increased risk
of all-cause mortality and longer hospital stay.
Further studies are needed to determine the best
approach for early detection and management of such
arrhythmias in an attempt to improve outcomes after
lung transplantation.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Ahmed N. Mahmoud, Department of Medicine, Division
of Cardiovascular Medicine, University of Florida, 1600
SW Archer Road, Gainesville, Florida, 32610. E-mail:
Ahmed.Mahmoud@medicine.ufl.edu.
RE F E RENCE S
1. Christie JD, Edwards LB, Aurora P, et al. Reg-
istry of the International Society for Heart and
Lung Transplantation: twenty-fifth official adult
lung and heart/lung transplantation report–
2008. J Heart Lung Transplant 2008;27:
957–69.

2. Valapour M, Skeans MA, Heubner BM, et al.
OPTN/SRTR 2013 annual data report: lung. Am J
Transplant 2015;15 Suppl 2:1–28.

3. Colvin-Adams M, Smith JM, Heubner BM, et al.
OPTN/SRTR 2013 annual data report: heart. Am J
Transplant 2015;15 Suppl 2:1–28.

4. Lund LH, Edwards LB, Kucheryavaya AY, et al.
The Registry of the International Society for Heart
and Lung Transplantation: thirty-second official
adult heart transplantation report-2015; focus
theme: early graft failure. J Heart Lung Transplant
2015;34:1244–54.

5. Port FK, Dykstra DM, Merion RM, Wolfe RA.
Trends and results for organ donation and trans-
plantation in the United States, 2004. Am J
Transplant 2005;5 4 Pt 2:843–9.

6. Egan TM, Murray S, Bustami RT, et al. Devel-
opment of the new lung allocation system in the
United States. Am J Transplant 2006;6 5 Pt 2:
1212–27.

7. Nielsen TD, Bahnson T, Davis RD, Palmer SM.
Atrial fibrillation after pulmonary transplant.
Chest 2004;126:496–500.

8. Mason DP, Marsh DH, Alster JM, et al. Atrial
fibrillation after lung transplantation: timing, risk
factors, and treatment. Ann Thorac Surg 2007;84:
1878–84.

9. Orrego CM, Cordero-Reyes AM, Estep JD, et al.
Atrial arrhythmias after lung transplant: underly-
ing mechanisms, risk factors, and prognosis.
J Heart Lung Transplant 2014;33:734–40.
10. Isiadinso I, Meshkov AB, Gaughan J, et al.
Atrial arrhythmias after lung and heart-lung
transplant: effects on short-term mortality and
the influence of amiodarone. J Heart Lung Trans-
plant 2011;30:37–44.

11. Ommen SR, Odell JA, Stanton MS. Atrial
arrhythmias after cardiothoracic surgery. N Engl J
Med 1997;336:1429–34.

12. Aranki SF, Shaw DP, Adams DH, et al. Pre-
dictors of atrial fibrillation after coronary artery
surgery. Current trends and impact on hospital
resources. Circulation 1996;94:390–7.

13. Villareal RP, Hariharan R, Liu BC, et al. Post-
operative atrial fibrillation and mortality after
coronary artery bypass surgery. J Am Coll Cardiol
2004;43:742–8.

14. Raghavan D, Gao A, Ahn C, et al. Contempo-
rary analysis of incidence of post-operative atrial
fibrillation, its predictors, and association with
clinical outcomes in lung transplantation. J Heart
Lung Transplant 2015;34:563–70.

15. Henri C, Giraldeau G, Dorais M, et al. Atrial
fibrillation after pulmonary transplantation: inci-
dence, impact on mortality, treatment effective-
ness, and risk factors. Circ Arrhythm
Electrophysiol 2012;5:61–7.

16. Chaikriangkrai K, Jyothula S, Jhun HY, et al.
Incidence, risk factors, prognosis, and electro-
physiological mechanisms of atrial arrhythmias
after lung transplantation. J Am Coll Cardiol EP
2015;1:296–305.

17. Azadani PN, Kumar UN, Yang Y, et al. Fre-
quency of atrial flutter after adult lung trans-
plantation. Am J Cardiol 2011;107:922–6.

18. Stroup DF, Berlin JA, Morton SC, et al. Meta-
analysis of observational studies in epidemiology:
a proposal for reporting. Meta-analysis Of
Observational Studies in Epidemiology (MOOSE)
group. JAMA 2000;283:2008–12.

19. Wells G, Shea B, O’Connell D, et al. The New-
castle Ottawa Scale (NOS) for assessing the quality
of nonrandomised studies in meta-analyses. 2013.
Available at: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp. Accessed May
25, 2016.

20. Guyatt GH, Oxman AD, Vist GE, et al. GRADE:
an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ
2008;336:924–6.

21. D’Angelo AM, Chan EG, Hayanga JWA, et al.
Atrial arrhythmias after lung transplantation:
Incidence and risk factors in 652 lung transplant
recipients. J Thorac Cardiovasc Surg 2016;152:
901–9.

22. DerSimonian R, Laird N. Meta-analysis in clin-
ical trials. Control Clin Trials 1986;7:177–88.

23. Grant RL. Converting an odds ratio to a range
of plausible relative risks for better communica-
tion of research findings. BMJ 2014;348:f7450.

24. Higgins JPT, Thompson SG, Deeks JJ,
Altman DG. Measuring inconsistency in meta-
analyses. BMJ 2003;327:557–60.

25. Egger M, Davey Smith G, Schneider M,
Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997;315:629–34.

26. Lee G, Wu H, Kalman JM, et al. Atrial fibrilla-
tion following lung transplantation: double but
not single lung transplant is associated with long-
term freedom from paroxysmal atrial fibrillation.
Eur Heart J 2010;31:2774–82.

27. Malik A, Hsu JC, Hoopes C, Itinarelli G,
Marcus GM. Elevated pulmonary artery systolic
pressures are associated with a lower risk of

mailto:Ahmed.Mahmoud@medicine.ufl.edu
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref1
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref1
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref1
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref1
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref1
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref1
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref2
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref2
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref2
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref3
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref3
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref3
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref4
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref4
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref4
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref4
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref4
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref4
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref5
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref5
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref5
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref5
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref6
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref6
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref6
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref6
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref7
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref7
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref7
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref8
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref8
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref8
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref8
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref9
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref9
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref9
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref9
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref10
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref10
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref10
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref10
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref10
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref11
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref11
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref11
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref12
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref12
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref12
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref12
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref13
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref13
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref13
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref13
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref14
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref14
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref14
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref14
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref14
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref15
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref15
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref15
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref15
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref15
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref16
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref16
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref16
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref16
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref16
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref17
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref17
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref17
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref18
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref18
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref18
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref18
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref18
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref20
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref20
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref20
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref20
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref21
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref21
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref21
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref21
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref21
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref22
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref22
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref23
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref23
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref23
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref24
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref24
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref24
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref25
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref25
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref25
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref26
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref26
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref26
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref26
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref26
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref27
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref27
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref27


J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . - , N O . - , 2 0 1 7 Saad et al.
- 2 0 1 7 :- –- Atrial Arrhythmias After Lung Transplant

9

atrial fibrillation following lung transplantation.
J Electrocardiol 2013;46:38–42.

28. See VY, Roberts-Thomson KC, Stevenson WG,
Camp PC, Koplan BA. Atrial arrhythmias after lung
transplantation: epidemiology, mechanisms at
electrophysiology study, and outcomes. Circ
Arrhythm Electrophysiol 2009;2:504–10.

29. El-Chami MF, Kilgo P, Thourani V, et al. New-
onset atrial fibrillation predicts long-term mor-
tality after coronary artery bypass graft. J Am Coll
Cardiol 2010;55:1370–6.

30. LaPar DJ, Speir AM, Crosby IK, et al. Post-
operative atrial fibrillation significantly increases
mortality, hospital readmission, and hospital
costs. Ann Thorac Surg 2014;98:527–33.

31. Ahmari SAL, Bunch TJ, Chandra A, et al. Prev-
alence, pathophysiology, and clinical significance
of post-heart transplant atrial fibrillation and
atrial flutter. J Heart Lung Transplant 2006;25:
53–60.

32. Everett TH, Olgin JE. Atrial fibrosis and the
mechanisms of atrial fibrillation. Heart Rhythm
2007;4 3 Suppl:S24–7.

33. Kalman JM, Munawar M, Howes LG, et al.
Atrial fibrillation after coronary artery bypass
grafting is associated with sympathetic activation.
Ann Thorac Surg 1995;60:1709–15.

34. Tamis JE, Steinberg JS. Atrial fibrillation
independently prolongs hospital stay after coro-
nary artery bypass surgery. Clin Cardiol 2000;23:
155–9.

35. Almassi GH, Schowalter T, Nicolosi AC, et al.
Atrial fibrillation after cardiac surgery: a major
morbid event? Ann Surg 1997;226:501–11; discus-
sion 511–3.

36. Mathew JP, Parks R, Savino JS, et al. Atrial
fibrillation following coronary artery bypass graft
surgery: predictors, outcomes, and resource utili-
zation. MultiCenter Study of Perioperative
Ischemia Research Group. JAMA 1996;276:300–6.

37. McKeown P, Epstein AE. Future directions:
American College of Chest Physicians guidelines
for the prevention and management of post-
operative atrial fibrillation after cardiac surgery.
Chest 2005;128 2 Suppl:61S–4S.

38. Kowey PR, Taylor JE, Rials SJ, Marinchak RA.
Meta-analysis of the effectiveness of prophylactic
drug therapy in preventing supraventricular
arrhythmia early after coronary artery bypass
grafting. Am J Cardiol 1992;69:963–5.

39. Andrews TC, Reimold SC, Berlin JA,
Antman EM. Prevention of supraventricular ar-
rhythmias after coronary artery bypass surgery. A
meta-analysis of randomized control trials. Circu-
lation 1991;84 5 Suppl:III236–44.

40. Butler J, Harriss DR, Sinclair M, Westaby S.
Amiodarone prophylaxis for tachycardias after
coronary artery surgery: a randomised, double
blind, placebo controlled trial. Br Heart J 1993;70:
56–60.

41. Daoud EG, Strickberger SA, Man KC, et al.
Preoperative amiodarone as prophylaxis against
atrial fibrillation after heart surgery. N Engl J Med
1997;337:1785–91.

42. Gillinov AM, Bagiella E, Moskowitz AJ, et al.
Rate control versus rhythm control for atrial
fibrillation after cardiac surgery. N Engl J Med
2016;374:1911–21.

43. Elgendy IY, Mahmoud A, Huo T, Beaver TM,
Bavry AA. Meta-analysis of 12 trials evaluating the
effects of statins on decreasing atrial fibrillation
after coronary artery bypass grafting. Am J Cardiol
2015;115:1523–8.

44. Barakat AF, Saad M, Abuzaid A, Mentias A,
Mahmoud A, Elgendy IY. Perioperative statin
therapy for patients undergoing coronary artery
bypass grafting. Ann Thorac Surg 2016;101:
818–25.

45. Tagarakis GI, Aidonidis I, Daskalopoulou SS,
et al. Effect of ranolazine in preventing post-
operative atrial fibrillation in patients undergoing
coronary revascularization surgery. Curr Vasc
Pharmacol 2013;11:988–91.

46. Saad M, Mahmoud A, Elgendy IY, Richard
Conti C. Ranolazine in cardiac arrhythmia. Clin
Cardiol 2016;39:170–8.

47. Page RL, Joglar JA, Caldwell MA, et al. 2015
ACC/AHA/HRS guideline for the management of
adult patients with supraventricular tachycardia.
J Am Coll Cardiol 2016;67:e27–115.

KEY WORDS atrial fibrillation, lung
transplant, meta-analysis, mortality,
outcomes, predictors

APPENDIX For supplemental tables and
figures, please see the online version of this
article.

http://refhub.elsevier.com/S2405-500X(16)30523-0/sref27
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref27
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref28
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref28
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref28
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref28
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref28
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref29
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref29
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref29
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref29
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref30
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref30
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref30
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref30
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref31
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref31
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref31
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref31
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref31
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref32
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref32
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref32
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref33
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref33
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref33
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref33
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref34
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref34
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref34
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref34
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref35
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref35
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref35
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref35
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref36
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref36
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref36
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref36
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref36
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref37
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref37
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref37
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref37
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref37
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref38
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref38
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref38
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref38
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref38
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref39
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref39
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref39
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref39
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref39
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref40
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref40
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref40
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref40
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref40
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref41
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref41
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref41
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref41
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref42
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref42
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref42
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref42
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref43
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref43
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref43
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref43
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref43
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref44
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref44
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref44
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref44
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref44
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref45
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref45
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref45
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref45
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref45
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref46
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref46
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref46
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref47
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref47
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref47
http://refhub.elsevier.com/S2405-500X(16)30523-0/sref47

	Incidence, Predictors, and Outcomes of Early Atrial Arrhythmias After Lung Transplant
	Methods
	Selection criteria and data extraction
	Outcomes and definitions
	Statistical analysis

	Results
	slink4
	All-cause mortality and in-hospital length of stay

	Discussion
	Study limitations

	Conclusions
	References


