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Abstract 
Background: The preventive effect of prophylactic amiodarone on postop-
erative atrial fibrillation (POAF) in patients undergoing thoracic surgery has 
previously been demonstrated. Meanwhile, the long-term effect remains un-
known. We investigated the long-term effect of prophylactic amiodarone, in 
patients undergoing surgery for lung cancer, along with the long-term prog-
nosis of patients with POAF within 6 years of follow-up. Methods: Using 
data from national databases, we retrospectively analysed 250 patients in-
cluded and randomized, in the randomized control trial, PASCART, in which 
patients were allocated to receive either amiodarone or placebo as prophy-
laxis for POAF. Prophylactic groups, and subgroups, were compared on a 
number of outcomes. Long-term overall survival was evaluated using Kap-
lan-Meier survival curves, and Cox proportional hazards models were used 
for multivariable analysis. Competing risk analysis was used to evaluate 
time-to-event data in presence of competing risk. Results: When comparing 
the prophylactic groups, prophylaxis with amiodarone was not convincingly 
related to a higher frequency of long-term side effects. Patients who devel-
oped POAF, were more likely to develop late atrial fibrillation (AF) and 
POAF was associated with an increased risk of late AF in both the competing 
risk analysis hazard rate (HR) 4.80 [95% 1.75; 13.18] and multivariable analy-
sis of the Cox regression, HR 5.03 [95% 1.80; 14.10]. When comparing the 
Kaplan Meier survival curves between groups, we found no statistically sig-
nificant difference in the long-term overall survival. Conclusions: Intrave-
nous prophylactic amiodarone is safe in patients undergoing lung cancer 
surgery. POAF is associated with an increased risk of late AF. 
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1. Introduction 

Since 1943, when the first supraventricular arrhythmia following pulmonary re-
section was reported, postoperative atrial fibrillation (POAF) has been a com-
mon and well-recognized complication to non-cardiac thoracic surgery [1] [2] 
[3]. The incidence is ranging from 3% - 60%, with a tendency towards an even 
higher rate, in patients undergoing more invasive surgical procedures, such as 
lobectomy and pneumonectomy [2] [3] [4] [5]. While atrial fibrillation is usually 
considered to be an unhazardous and transient arrhythmia, POAF is associated 
with a poorer prognosis regarding morbidity and mortality [3] [4]. The etiology 
and pathophysiological interactions, which leads to the development of POAF, 
remains unknown, although, studies have shown a higher risk correlating with 
age, male sex, obesity, hypertension, extent of surgery, prior atrial fibrillation 
(AF) or arrhythmia, history of heart disease, chronic obstructive pulmonary dis-
ease (COPD) and brain natriuretic peptide (BNP) levels [2] [3] [4] [6]. 

Considering the potentially negative impact of POAF on morbidity and mor-
tality, possibly preventive effect of antiarrhythmic drugs has been investigated 
[7] [8] [9] [10] [11]. Between 2008 and 2011, Riber et al. conducted the random-
ized control trial, PASCART, of which 242 patients undergoing surgery for lung 
cancer were randomized to receive either amiodarone or placebo, as prophylaxis 
for POAF. Follow-up was 30 days after surgery [12]. When comparing the 
groups, patients in the intervention group, experienced a significant reduction in 
the risk of atrial fibrillation; 23% with a number needed to treat at 4.4 [12]. 
Amiodarone is known as one of the most effective anti-arrhythmic drugs, but 
due to adverse short-term effects when administered continually and unknown 
long-term effects, the use has so far been recommended with caution [13]. 

Thus, the objectives of this follow-up study among patients receiving prophy-
lactic amiodarone and placebo are to: 1) describe differences in baseline charac-
teristics, the frequency of stroke and heart failure, readmission, late AF, 
long-term all-cause mortality, and long-term side effect; 2) investigate associations 
between amiodarone and placebo and the risk of readmission, developing late 
AF and long-term all-cause mortality. And furthermore, among patients devel-
oping POAF to: 3) describe differences in baseline characteristics, the frequency 
of stroke and heart failure, readmission, late AF and long-term all-cause mortal-
ity, and to, 4) investigate the associations between POAF and the risk of read-
mission, late AF and long-term all-cause mortality. 

2. Patients and Methods 
2.1. Study Population and Data Extraction 

Following the approval of the Danish Data Protection Agency and the Danish 
Patient Safety Authority, we conducted a retrospective, register-based 6-year 
follow-up study on the population of 250 patients, included in the randomized 
control trial, PASCART, at the Department of Cardiothoracic and Vascular 
Surgery, Aarhus University Hospital [12]. Follow-up data were collected from 
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the Danish Register of Causes of Death and the Danish National Patient Registry 
[14] [15] [16]. Baseline characteristics, including patient characteristics, relevant 
comorbidities, peri- and post-operative data were extracted from the original 
dataset. 

Eligible subjects were identified for inclusion and exclusion, based on the cri-
teria, listed in the original study. Inclusion criteria were; 1) elective lobectomy or 
pneumonectomy; 2) age above 18 years; 3) willingness to participate; and 4) 
provision of informed consent. Exclusion criteria were: a) previous heart or lung 
surgery; b) resting heart rate below 40 beats per minute; c) hypotension with 
systolic blood pressure below 80 mm Hg; d) atrial-ventricular blockage of any 
degree or sick sinus syndrome; e) preoperative AF or flutter; f) known previous 
AF or flutter lasting more than 1 month; g) hepatic dysfunction (alanine ami-
notransferase level more than twice the upper normal limit); h) hyperthyroid-
ism; i) pregnancy; j) breastfeeding; k) in treatment with monoamine oxidase in-
hibitors (MAOI); l) QTc interval longer than 440 ms for men and 460 ms for 
women; or m) known adverse reactions to amiodarone [12]. Additionally, pa-
tients were excluded in this study due to protocol violation (Figure 1). 

2.2. Follow-Up Data and Definitions 

Heart failure, readmission, late AF, readmission and stroke, which will be referred  
 

 
Figure 1. Flowchart. 
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to as HARS (Heart failure, late Atrial fibrillation, Readmission and Stroke), 
long-term side effects, long-term all-cause mortality and mortality due to car-
diovascular disease, were collected as follow-up data. Diagnostic codes, classified 
by the ICD-10 classification, were used to defined and create binary variables for 
follow-up data, including heart failure, late AF, and stroke, long-term side ef-
fects, long-term all-cause mortality and mortality due to cardiovascular disease. 
When evaluating long-term side effects, liver, lung, thyroid, and skin diagnosis 
reflecting known amiodarone side-effects, were studied in particular. Before cre-
ating variables, diagnostic codes, coding for the same disease or organ system 
e.g. “neurological disease”, were placed into the same categories. In each cate-
gory, diagnostic codes were further divided into subcategories e.g. “neuropathy”. 
Diagnostic codes were excluded if they were uncategorizable, and only occurred 
once. Diagnostic codes for AF, atrial flutter and unspecified atrial flutter or fib-
rillation, were all used to define the variable of late AF. Late AF and readmission 
were evaluated on time to the first event, defined as the interval from the surgery 
date, to the first AF and readmission respectively, in the follow-up period. Fur-
thermore, readmission was evaluated by the number of patients readmitted dur-
ing the follow-up period. Long-term mortality was evaluated by all-cause mor-
tality, and cardiovascular mortality. All-cause mortality was defined as death of 
any cause, and cardiovascular mortality defined as death due to cardiovascular 
diseases, during the follow-up period. 

2.3. Statistical Methods 

Prophylactic groups (intervention group and placebo group) and sub-groups 
(patients who developed POAF, and patients who stayed in sinus rhythm) were 
analysed separately. 

Differences among groups, including differences in baseline characteristics 
and differences in stroke, heart failure, readmission, late AF, long-term 
all-cause mortality and long-term side effects among groups were tested using 
Pearson’s χ2 test of independence or Fisher’s exact test, for categorical vari-
ables, and Students t-test or Mann-Whitney U test, for numerical variables. 
Numerical variables were presented as median and quartiles (interquartile 
range (IQR) from 25th to 75th quartile) or mean and standard deviation (SD), 
depending on the normality of distribution, tested by the Shapiro–Wilk test. 
Categorical variables were reported by the number and percentage of subjects 
in each category. 

The association between 1) amiodarone and readmission, late AF, and 
long-term all-cause mortality 2) POAF and readmission, late AF, and long-term 
all-cause mortality, were evaluated by estimating the hazard ratio, using Cox 
multivariable proportional hazard analysis, adjust for potential confounders. 
Results were presented as hazard ratios (HR) with 95% confidence intervals (CI). 

Long-term mortality rates for prophylactic groups and subgroups during the 
follow-up period were estimated by the use of Kaplan-Meier survival curves. For 
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patients surviving the follow-up, the follow-up time was 6 years. For patients 
dying within 6 years the time-to-death was calculated from the date of surgery to 
date of death. Log-rank test was used to compare mortality rates between pro-
phylactic groups and subgroups. 

Time to first AF and readmission was calculated from the date of surgery to 
date of first AF and readmission respectively, and compared within prophylactic 
groups and subgroups. In the presence of competing events, the time to event 
data, were analysed using the cumulative incidence function (CIF) in an uni-
variable Fine and Gray Proportional Hazard Model [17]. 

Multiple imputations were not performed in case of missing data. All p-values 
are two-tailed, and a p-value < 0.05 was considered as statistically significant. All 
the data were analysed using SPSS Statistics 25 SPSS (IBM Corp., Armonk, NY, 
USA), Stata Statistical Software 15.0 (Stata Corp LLC, College Station, TX). 

3. Results 

In this current study, we conducted a 6-year follow-up on patients included in 
the randomized control trial, PASCART. Between 2008 and 2011, 386 patients 
were enrolled for lobectomy or pneumonectomy at Aarhus University Hospital, 
Denmark. In total, 228 of those patients were eligible and included in this fol-
low-up. One of the patients included was lost to follow-up. Therefore, 114 in the 
amiodarone group, and 113 in the placebo group, were included in this long-term 
follow-up study (Figure 1). 

3.1. Baseline Results 

There was no statistically significant difference between treatment groups in 
baseline characteristics presented in Table 1, except the incidence of POAF, 
which were higher in the placebo group (Table 1). None of the patients had any 
history of arrhythmia, AF or atrial flutter. Moreover, none of the patients had 
undergone any heart or lung surgery. When comparing the subgroups, patients 
who developed POAF were more likely to have hypertension (Table 1). None of 
the patients had any postoperative, cerebral insult, acute myocardial infarction, 
blockage or arrhythmia, besides POAF. 

3.2. Long-Term Side Effects 

As described in the method section, potentially long-term side effects were 
evaluated based on diagnose codes. When comparing the subcategories, there 
were no statistically significant differences between the amiodarone group and 
the placebo group, except a difference in the incidence of head and neck cancer 
(p = 0.029, with 5 (4%) cases in the placebo group, and none in the amiodarone 
group. Uncategorized diagnostic codes were compared as well, and only a statis-
tically significant difference, in the incidence of the diagnose code, DJ869: Pleu-
ral empyema UNS (p = 0.013) was found, with 6 (5%) cases in the placebo 
group, and none in the amiodarone group. 
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Table 1. Baseline characteristics. 

 All 
Prophylactic Group 

p* 
Subgroup 

p* 
Amiodarone Placebo POAF NO POAF 

Characteristics     

N (%) 228 (100) 114 (50) 114 (50) N/A 47 (21) 181 (79) N/A 

Age (mean, SD) 66 (59; 72) 65 (59; 71) 66 (59; 74) 0.405 68 (62; 74) 64 (58; 71) 0.081 

Sex (male, n (%)) 117 (51) 57 (50) 60 (52) 0.691 27 (57) 90 (50) 0.345 

Current smoker (n (%)) 86 (38) 39 (34) 47 (41) 0.274 17 (36) 69 (38) 0.806 

Diabetes mellitus (n (%)) 21 (9) 14 (12) 7 (6) 0.109 4 (9) 17 (9) 1.000 

Hypertension (n (%)) 75 (33) 43 (38) 32 (28) 0.121 22 (47) 53 (29) 0.023* 

Hypercholesterolemia (n (%)) 34 (15) 19 (17) 15 (13) 0.457 8 (17) 26 (14) 0.649 

COPD (n (%)) 23 (10) 13 (11) 10 (9) 0.509 5 (11) 18 (10) 1.000 

Previous MI (n (%)) 4 (2) ** ** 1.000 ** ** 1.000 

Preoperative use of β-blockers (n (%)) 29 (13) 16 (14) 13 (11) 0.551 7 (15) 22 (12) 0.616 

Creatinine (μmol/L) (median, IQR) 66 (57; 77) 66 (58; 77) 65 (54; 76) 0.180 68 (60; 78) 65 (55; 76) 0.081 

Peri- and Postoperative Characteristics     

Postoperative atrial fibrillation (n (%)) 47 (21) 10 (9) 37 (33) <0.001* 47 (21) 181 (79) N/A 

Postoperative arrhythmia (n (%)) ** ** ** N/A ** ** N/A 

Postoperative blockage (n (%)) ** ** ** N/A ** ** N/A 

Reoperation (n (%)) 8 (4) 5 (5) ** 0.499 ** 6 (3) 0.668 

Right side lobectomy (n (%)) 120 (53) 59 (52) 61 (54) 0.791 26 (55) 94 (52) 0.679 

Bilobectomy (n (%)) 5 (2) ** ** 1.000 ** ** 0.061 

Pneumonectomy (n (%)) 8 (4) 4 (4) 4 (4) 1.000 ** 6 (3) 0.670 

Tumour stage (n (%))        

 Tumour I 87 (39) 39 (35) 48 (43) 0.260 19 (40) 68 (38) 0.802 

 Tumour II 99 (44) 56 (51) 43 (38) 0.062 23 (49) 76 (43) 0.462 

 Tumour III 31 (14) 13 (12) 18 (16) 0.361 ** 28 (16) 0.096 

 Tumour IV 7 (3) ** 4(4) 1.000 ** 5 (3) 0.639 

Nodulus stage (n (%))        

 Nodulus I 32 (14) 15 (14) 17 (15) 0.743 6 (13) 26 (15) 0.738 

 Nodulus II 36 (16) 14 (13) 22 (20) 0.162 7 (15) 29 (16) 0.805 

Metastasis stage (n (%))        

 Metastasis I 10 (5) 5 (5) 5 (4) 1.000 ** 9 (5) 0.692 

 Metastasis II ** ** ** N/A ** ** N/A 

Tumour size (mm) (median, IQR) 31 (20; 50) 32 (20; 50) 30 (20; 45) 0.671 30 (20; 41) 32(20; 50) 0.669 

Length of stay in ICU (days) (median, IQR) 1 (1; 1) 1 (1; 1) 1 (1; 1) 0.774 1 (1; 1) 1 (1; 1) 0.785 

Length of stay in referring department (days) 
(median, IQR) 

4 (3; 5) 4 (3; 5) 4 (3; 5) 0.699 4 (3; 5) 4 (3; 5) 0.334 

COPD = Chronic obstructive pulmonary disease. MI = myocardial infarction. IQR = Interquartile range. ICU = Intensive Care Unit. *Significant p-values; 
**Three or fewer cases. 
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3.3. HARS and Long-Term Mortality 

When comparing the prophylactic groups, there was no statistically significant 
difference in HARS (Table 2). When comparing the subgroups, there was a sta-
tistically significant difference in late AF, which was more frequent among pa-
tients who developed POAF. No statically significant difference was found in 
readmission, stroke and heart failure between subgroups. Of the 227 patients in-
cluded in the follow-up analysis, 44% died during the follow-up. Only 4% died of 
the cardiovascular diseases, while 94% died from other causes (Table 2). Cause of 
death was not registered in two patients (2%). When comparing the percentage 
of deaths between groups, no statically significant difference was found. 

3.4. Risk Analysis 

In the univariable and multivariable analysis, amiodarone was not associated 
with an increased risk of readmission, late AF or long-term all-cause mortality 
(Table 3 & Figure 2). POAF was associated with an increased risk of late AF in 
both the univariable HR 4.80 [95% 1.74; 13.24] and multivariable analysis, HR 
5.03 [95% 1.80; 14.10] (Table 4). In the univariable and multivariable analysis, 
POAF was not associated with an increased risk of readmission and long-term 
all-cause mortality (Table 4 & Figure 2). 

3.5. Long-Term Survival 

In both the prophylactic groups and subgroups, the survival during the follow-up  
 
Table 2. Descriptive follow-up data on HARS and mortality. 

 All 
Prophylactic Group 

p* 
Subgroup 

p* 
Amiodarone Placebo POAF NO POAF 

Variables   

All-cause mortality (n (%)) 100 (44) 49 (43) 51 (45) 0.745 21 (46) 79 (44) 0.807 

Readmission (n (%)) 203 (89) 101 (89) 102 (90) 0.540 42 (91) 161 (89) 0.792 

Late AF (n (%)) 15 (7) 5 (4) 10 (9) 0.176 8 (17) 7 (4) 0.004* 

Stroke (n (%)) 10 (4) 4 (4) 6 (5) 0.539 ** 7 (4) 0.428 

Heart failure (n (%)) ** ** ** 0.498 ** ** 1.000 

*Significant p-values; **Three or fewer cases. 
 
Table 3. Unadjusted and adjusted Cox Proportional Hazard Regression analysis of the association between amiodarone and 
readmission, Late AF and all-cause mortality. 

 Readmission Late AF All-Cause Mortality 

 Univariable Multivariablea Univariable Multivariableb Univariable Multivariablea 

 HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

Amiodarone 0.93 (0.70; 1.22) 0.95 (0.71; 1.27) 0.49 (0.17; 1.42) 0.77 (0.25; 2.41) 0.94 (0.64; 1.39) 0.96 (0.64; 1.43) 

aAdjusted for age, sex, and POAF, b Adjusted for POAF, POAF = postoperative atrial fibrillation. Late AF = Atrial fibrillation developing after 30 postopera-
tive days. 
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Table 4. Unadjusted and adjusted Cox Proportional Hazard Regression analysis of the association between POAF and readmis-
sion, Late AF and all-cause mortality. 

 Readmission Late AF All-Cause Mortality 

 Univariable Multivariablea Univariable Multivariableb Univariable Multivariablea 

 HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

POAF 1.08 (0.77; 1.51) 0.98 (0.69; 1.39) 4.80 (1.74; 13.24) 5.03(1.80; 14.10) 1.05 (0.65; 1.70) 0.95 (0.58; 1.55) 

aAdjusted for age, sex and hypertension, bAdjusted for hypertension, POAF = postoperative atrial fibrillation, Late AF = Atrial fibrillation developing after 
30 postoperative days. 

 

 
Figure 2. Kaplan Meier survival curves displaying long-term survival of patients undergoing surgery for lung cancer, stratified by 
treatment groups (a), and subgroups (b). POAF indicates patient with POAF; No POAF, patient without POAF. Risk tables are 
displayed under the curves. 
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was more than 50% (56%) at the last point, and therefore, a median survival time 
could not be computed. However, we were able to compare the survival curves 
and found no difference in the long-term overall survival between the prophy-
lactic groups or the subgroups (Table 3 and Table 4). 

3.6. Competing Risk Analysis 

The cumulative incidens function (CIF) of readmission and late AF with death 
as a competing risk, stratified by prophylactic groups (A) and subgroups (B), are 
presented in Figure 3 and Figure 4. We found no statistically significant differ-
ence in the risk of readmission, between groups. When comparing subgroups,  

 

 
Figure 3. Cumulative incidence function (CIF) of readmission, with death as a competing 
risk, stratified by treatment groups (a), and subgroups (b). Competing risk regression was 
used to estimate subdistribution HR (SHR). POAF indicates patient with POAF; No 
POAF, patient without POAF. 
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Figure 4. Cumulative incidence function (CIF) of late AF, with death as a competing risk, 
stratified by treatment groups (a), and subgroups (b). Competing risk regression was used 
to estimate subdistribution HR (SHR). POAF indicates patient with POAF; No POAF, 
patient without POAF. 

 
we found POAF to be associated with an increased risk of late AF, when ac-
counting for death as a competing risk. We found no statistically significant dif-
ference in the risk of late AF, between prophylactic groups. 

4. Discussion 

In this 6-year follow-up study, we investigated the long-term effect of prophylac-
tic amiodarone, in patients undergoing surgery for lung cancer. 

When evaluating long-term side effects of briefly admitted amiodarone in 
high dose for five days as a prophylactic agent for atrial fibrillation, we found 
a statistically significant increased risk of head and neck cancer and pleural 
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empyema within the placebo group, which was most likely due to chance. 
Both diagnoses are furthermore known related to the primary lung cancer 
disease. 

Therefore, we did not find any contra-indications in long-time side-effects for 
using amiodarone in a short period as a high dose prophylactic agent against 
atrial fibrillation, since the long-term overall survival was not statistically sig-
nificant different within prophylactic groups. 

The use of amiodarone has previously been associated with a number of 
short-term side effects and more serious adverse effects including skin cancer 
and toxicity of lung, thyroid and liver [18] [19] [20] [21] [22]. In this current 
study, we found no statistically significant increased risk for patients who had 
amiodarone prophylaxis in the PASCART regime. 

Further, we investigated the long-term prognosis of patients developing 
POAF. Patients developing POAF had an approximately a 5-time increased risk 
of late AF but not an increased risk of readmission and long-term all-cause 
mortality with-in 7 years of follow-up. These findings suggest that we in Den-
mark have a good health care system, which detects atrial fibrillation and insures 
that the patients developing AF are detected and well threatened. Though, it 
might be due to inadequate power when adjusting for possible confounders. 

Strength and Limitations 

The main strengths of our study are the population, which were included from a 
double-blinded, randomized control trial, and the data source, as follow-up data 
were obtained from validated national databases. Additionally, the original 
PASCART study was powered by the number of patients included, reflecting a 
verified sample size calculation, minimizing type II error. Naturally, some limi-
tations should be noted. First, the study was based on data from a single centre 
study, which may limit the generalizability of the results, though, the surgical 
procedures were performed by 6 different thoracic surgeons. Second, some of 
the follow-up data were based on diagnostic codes and the validity of the results, 
therefore, depends on similar reporting. Third, like many other retrospective 
studies, our study contained missing data. In total, missing data were present in 
20 baseline variables, with missing values ranging from 0.2% to 11.8%. 

5. Conclusion 

Amiodarone was found to be a safe option in the prophylactic setting of 
PASCART within a 6-year follow-up period and should be considered in pa-
tients undergoing lobectomy for lung-cancer. POAF was found to increase late 
AF by a factor 5. 
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