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Older Age Is the Strongest Predictor of Postoperative
Atrial Fibrillation
David Amar, M.D.,* Hao Zhang, M.D.,† Denis H. Y. Leung, Ph.D.,‡ Nancy Roistacher, M.D.,§ Alan H. Kadish, M.D.�

Background: Identification of patients vulnerable for atrial
fibrillation (AF) after major thoracic surgery will allow target-
ing those most likely to benefit from prophylactic therapy. The
goal of the current study was to evaluate the accuracy of easily
available clinical characteristics for the prediction of this
complication.

Methods: Patients undergoing major elective thoracic surgery
were chosen from an ongoing prospective database.

Results: Postoperative in-hospital AF occurred in 79 (15%) of
527 patients Using cut-point methodology and logistic regres-
sion, the authors identified two preoperative risk factors inde-
pendently associated with AF: age 60 yr or older (P � 0.0007)
and heart rate 74 beats/min or greater on preadmission elec-
trocardiogram (P � 0.005). The odds of developing AF increased
by a factor of 2.5 (95% confidence interval, 1.7–3.4; P < 0.0001)
between incremental age categories (< 60 yr, 60–69 yr, > 70 yr)
and by a factor of 2.3 (95% confidence interval, 1.4–3.8; P <
0.0007) between heart rate categories (< 74 beats/min, > 74
beats/min). The combination of age 60 yr or older and preop-
erative heart rate 74 beats/min or greater predicted AF with a
sensitivity of 73% and specificity of 57%. Maximum P-wave
duration as measured from standard electrocardiogram did not
differentiate patients who did or did not develop AF. Patients
who developed AF had a higher incidence of postoperative
pneumonia (14 vs. 4%; P � 0.001), acute respiratory failure (8
vs. 1.6%; P � 0.01), greater hospital stay (17 � 17 vs. 10 � 9
days; P � 0.001) and 30-day mortality (11 vs. 3%; P � 0.001)
when compared with those who did not develop AF,
respectively.

Conclusions: Advanced age and preoperative heart rate iden-
tify patients at high risk for development of AF after thoracic
surgery. Postoperative AF occurs more frequently in patients
with greater postoperative morbidity and length of
hospitalization.

POSTOPERATIVE atrial arrhythmias, and atrial fibrilla-
tion and flutter (AF) specifically, are seen in 6.1% of
elderly patients undergoing noncardiothoracic surgery
and in 10–40% of patients after cardiothoracic opera-
tions.1–4 The clinical symptoms, time of AF onset, and
natural course of the arrhythmia are identical whether a
patient has had cardiac, thoracic, or other surgery.5

Patients with postoperative AF have an extended hospi-
tal stay with accompanying increased costs as well as
greater risk of stroke.1–6 As in AF unrelated to surgery,
age 60 yr or older is consistently the only independent
preoperative risk factor most strongly associated with
postoperative AF.1–7

Beyond older age, however, our ability to further iden-
tify patients at greatest risk for postoperative AF is lim-
ited. Several studies examined whether the preoperative
presence of a prolonged P-wave duration, as an indicator
of intraatrial conduction delay, may select patients who
are likely to develop postoperative AF. P-wave duration
was measured from the standard preoperative electro-
cardiogram in some studies8–10 or by using a computer-
ized signal-averaging system, which allows recording of
low-level cardiac signals, in other studies.9–14 The latter
technique is expensive, requires 20 min to perform, and
is not widely available. Furthermore, there is controversy
on how a prolonged signal-averaged P-wave duration is
defined12,14 and whether it predicts postoperative
AF.9,10 Ideally, having a risk stratification system based
on clinical and routine preoperative tests to identify
patients at risk for postoperative AF could limit the
number of patients treated with prophylactic antiar-
rhythmic drugs. This study was designed to develop
such a risk stratification system in a large population at
risk for postoperative AF.

Materials and Methods

The data used in this study were obtained from an
ongoing prospective database of 527 of 743 patients
who had major thoracic surgery beginning in October
1990 to September 1999 at Memorial Sloan-Kettering
Cancer Center. After obtaining approval from the insti-
tutional review board at Memorial Sloan-Kettering and
written informed consent, patients participated in con-
secutive trials focused on the study of postoperative
AF.1,10,15,16 All patients scheduled for thoracic surgery
who met inclusion criteria were approached to enroll in
the aforementioned studies subject to the availability of
research staff. Excluded from this study were 216 pa-
tients receiving drugs such as class I and III antiarrhyth-
mic drugs that may reduce the frequency of AF episodes.
All 527 patients were in sinus rhythm. The preoperative
heart rate was recorded from the preadmission electro-
cardiogram. History of smoking, hypertension, coronary
artery disease, diabetes mellitus, and preoperative che-
motherapy was recorded. Preoperative � blockers were
continued postoperatively to avoid withdrawal. No pa-
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tient received prophylactic calcium channel blocker
therapy to reduce AF risk. Patients who were taking
calcium channel blockers for hypertension or coronary
artery disease resumed taking these medications on the
first postoperative day. The primary end point of the
study was the new onset of AF within 30 days after
surgery requiring intervention because of symptoms or
hemodynamic compromise. AF was defined by an irreg-
ularly irregular cardiac rhythm other than sinus con-
firmed by 12-lead electrocardiogram.

The operations were performed using standard thora-
cotomy approaches designed to completely remove all
neoplastic disease along with an ipsilateral mediastinal
lymph node dissection. Intraoperative estimated blood
loss was recorded. Postoperative pain relief was pro-
vided to all patients by continuous administration of
either epidural opioid (usually fentanyl) administration
(n � 252) or intravenous opioid (usually morphine)
patient-controlled analgesia (n � 275). After an over-
night stay in the postanesthesia care unit, patients were
transferred to the thoracic surgical floor on the first
postoperative day. Major postoperative cardiac or pul-
monary complications were recorded throughout the
hospital stay. A research nurse monitored patients for
cardiac or pulmonary complications as outpatients for
30 days and queried patients about intercurrent hospi-
talizations or emergency department visits. An investiga-
tor reviewed these medical records.

Most patients (512 of 527; 97%) had a 12-lead electro-
cardiogram performed at our institution before surgery.
P-wave duration was measured from simultaneous re-
cording of the 12 standard leads by the MATRIX program
software (Marquette Electronics, Inc., Milwaukee, WI).
The MATRIX program simultaneously aligns the P-wave
onset of all 12 leads. The computer-derived P-wave du-
ration was then visually verified by two investigators,
blinded to clinical end points, using the standard elec-
trocardiogram recorded at a paper speed of 50 mm/s,
amplification of 20 mm/mV, and filtration of 100 Hz. The
longest P-wave duration in any of the 12 standard leads
was then used as representative of the maximum P-wave
duration. This analysis was performed in all but 15 pa-
tients who had their preoperative routine 12-lead elec-
trocardiogram performed elsewhere; of these, two de-
veloped AF. The incidence of prolonged intraatrial
conduction as measured by a P-wave duration greater
than or equal to 120 ms from the standard electrocar-
diogram was recorded.8

Statistical analysis was performed with SAS version
6.12 software (SAS Institute, Inc., Cary, NC). To deter-
mine the difference of patient and operative character-
istics between patients with and without AF, all variables
were examined by univariate analysis (Student t test and
Fisher exact test). All variables showing a univariate
association (P � 0.2) with AF occurrence were entered
into a stepwise logistic regression model. The final

model showed the variables with independent influence
on the incidence of AF. Once age and preoperative heart
rate were found to be predictors of AF, cut-point analysis
was used to find the optimal cutoff of these continuous
variables. P values from the cut-point analysis were ad-
justed by the asymptotic method of Hilsenbeck and
Clark.17 The association between AF and hospital stay
was examined by a Cox model with AF as a time-depen-
dent covariate. A P value � 0.05 was considered signif-
icant. Data are presented as mean � SD unless otherwise
indicated.

Results

Patient characteristics and surgical data are presented
in table 1. A total of 79 of 527 patients (15%) developed
AF within 30 days of surgery. AF occurred at a median of
69 h (94 � 84 h) after surgery. The frequency of AF
episodes by age is shown in figure 1, and that by heart
rate is shown in figure 2. Patients with AF were older
(P � 0.0001), had a greater preoperative heart rate (P �

Table 1. Patient Characteristics

Atrial
Fibrillation
(n � 79)

No Atrial
Fibrillation
(n � 448) P Value

Preoperative
Age, yr 68 � 8 62 � 11 � 0.0001
Weight, kg 74 � 15 75 � 16 0.83
Male (%) 56 (71) 269 (60) 0.08
Heart rate, bpm 79 � 13 75 � 14 0.036
P wave duration, ms 106 � 12 107 � 12 0.49
P wave duration � 120 ms

(%)
17 (22) 69 (16) 0.20

Smoking (%) 49 (62) 298 (67) 0.52
Hypertension (%) 23 (29) 104 (23) 0.26
Coronary artery disease (%) 6 (8) 29 (6) 0.71
Diabetes mellitus (%) 3 (4) 32 (7) 0.27
Chemotherapy (%) 14 (18) 88 (20) 0.69
Medication

Ace-inhibitors (%) 6 (8) 40 (9) 0.68
Beta-blockers (%) 8 (10) 29 (6) 0.24
Ca-channel blockers (%) 10 (13) 47 (10) 0.57

Pulmonary function*
FEV1, % predicted 76 � 21 82 � 22 0.13
FVC % predicted 89 � 21 93 � 20 0.27
FEV1/FVC % 75 � 17 80 � 17 0.049
DCO % predicted 74 � 21 82 � 21 0.02

Intraoperative 0.14
Lobectomy (%) 33 (42) 216 (48)
Pneumonectomy (%) 19 (22) 83 (19)
Extrapleural pneumonectomy

(%)
13 (15) 40 (9)

Esophagectomy (%) 14 (12) 109 (17)
Estimated blood loss, L 0.8 � 1.1 0.6 � 0.6 0.15
Fluid replacement, L 2.8 � 3.2 2.6 � 2.1 0.75
Postoperative
Pneumonia (%) 11 (14) 18 (4) 0.001
Acute respiratory failure (%) 6 (7) 7 (1.6) 0.01

* Pulmonary functions studies were done in 431/527 (82%) patients.

FEV � forced expiratory volume; FVC � forced vital capacity; DCO � diffus-
ing capacity of carbon monoxide.
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0.036), and reduced forced expiratory volume in 1 s/per-
cent forced vital capacity (P � 0.049) and percent pre-
dicted diffusing capacity of carbon monoxide (P � 0.02;
table 1). Using cut-point methodology, we found that
patients age 60 yr or older (P � 0.0007) and preopera-
tive heart rate 74 beats/min or greater (P � 0.005)
defined subsets of patients with the greatest differences
risk for AF. Maximum P-wave duration as measured from
the preoperative standard electrocardiogram or a P-wave
duration 120 ms or greater did not differentiate patients
who did or did not develop AF (table 1). The use of
postoperative epidural analgesia did not differ between
patients who did or did not develop AF (38 of 79 [48%]
vs. 210 of 448 [47%], respectively; P � 0.9). Postopera-
tive complications such as pneumonia (P � 0.001) and
acute respiratory failure (P � 0.01) occurred more fre-
quently in patients who developed postoperative AF
when compared with those who did not develop AF
(table 1). In 15 of 79 patients (19%), AF onset was
observed before (n � 4), simultaneously (n � 5), and

after (n � 6) the occurrence of pneumonia or acute
respiratory failure, respectively. Patients who developed
postoperative AF had a prolonged hospital stay (17 � 17
vs. 10 � 9 days; P � 0.001) and greater need for inten-
sive care unit admission for any cause (24 vs. 4%; P �
0.001) when compared with those who did not develop
AF. Although mortality within 30 days of surgery was
greater among patients who developed AF (11 vs. 3%;
P � 0.001), no patient appeared to die as a direct result
of the arrhythmia.

Multivariate Analysis
A stepwise logistic regression analysis using the afore-

mentioned cutoffs and all variables showing a univariate
association with AF (table 1) identified age 60 yr or older
and heart rate 74 beats/min or greater as the only inde-
pendent predictors of AF development (table 2). The
odds of developing AF increased by a factor of 2.5 (95%
confidence interval, 1.7–3.4) between incremental age
categories (� 60 yr, 60–69 yr, � 70 yr) and by a factor
of 2.3 (95% confidence interval, 1.4–3.8) in patients
with a baseline heart rate 74 beats/min or greater. Age 60
yr or older predicted AF with a sensitivity of 87% and
specificity of 35%. The combination of age 60 yr or older
and heart rate 74 beats/min or greater had a sensitivity of
73% and specificity of 57% to predict AF. The addition of
pneumonia or acute respiratory failure to the model did
not significantly enhance the ability to predict AF
occurrence.

When compared with younger (� 60 yr, n � 165)
patients, older (� 60 yr, n � 362) patients had a higher
incidence of postoperative AF (19 vs. 7%; P � 0.0001), a
greater P-wave duration (109 � 13 vs. 103 � 11 ms; P �
0.001), a greater incidence of P-wave duration 120 ms or
greater (23 vs. 4%; P � 0.0001), a slower heart rate
(74 � 13 vs. 81 � 15 beats/min; P � 0.0001), a higher
incidence of hypertension (29 vs. 14%; P � 0.0001) and
coronary artery disease (8 vs. 3%; P � 0.016), and greater
preoperative use of � blockers (9 vs. 2%; P � 0.001) and
angiotensin-converting enzyme inhibitors (11 vs. 5%;
P � 0.03), but not calcium channel blockers (12 vs. 7%;

Fig. 2. Incidence of postoperative atrial fibrillation in relation to
preoperative heart rate.

Fig. 1. Incidence of postoperative atrial fibrillation based on
analysis of four age groups.

Table 2. Multivariate Predictors of Atrial Fibrillation

Variable OR (95% CI) P Value

Preoperative
Age* 2.5 (1.7–3.4) � 0.0001
Heart rate � 74 beats/min 2.3 (1.4–3.8) � 0.0007

Pre- and postoperative
Age* 2.5 (1.7–3.4) � 0.0001
Heart rate � 74 beats/min 2.1 (1.3–3.5) 0.0048
Pneumonia and/or acute

respiratory failure
3.2 (1.5–6.7) 0.0021

* Age groups included in this multivariate analysis were � 60 yr, 60–69 yr
and � 70 yr. When compared to patients � 60 yr those who were 60–69 yr
were more likely to develop atrial fibrillation by a factor of 2.5. Similarly,
patients � 70 yr were more likely to develop atrial fibrillation by a factor of 2.5
when compared to patients 60–69 yr.
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P � 0.1). However, younger patients were more often
treated with preoperative chemotherapy (29 vs. 15%;
P � 0.0001).

Discussion

The main findings of this study are that the incidence
of postoperative AF is significantly higher in patients 60
yr and older, in those who have a greater preoperative
heart rate (� 74 beats/min), and in those who develop
postoperative pneumonia or acute respiratory failure.
We found no association between mean maximum P-
wave duration and AF occurrence. Advanced age alone
was associated with AF occurrence and prolonged P-
wave duration. Although patients who developed AF had
a lower forced expiratory volume in 1 s/percent forced
vital capacity and percent of predicted diffusing capacity
of carbon monoxide than those who did not, the values
were only mildly (70–80%) abnormal and did not pre-
dict AF on multivariate analysis. In-hospital morbidity
and need for intensive care were greater among patients
who developed postoperative AF, as was the overall
length of hospitalization. In 11 of 79 patients (14%) who
developed AF, arrhythmia onset occurred either simul-
taneously or shortly after the diagnosis of pneumonia or
acute respiratory failure was made. Although we do not
have data to identify with certainty the mechanism for
the greater 30-day mortality among patients with AF, we
believe that AF is a marker of poor cardiopulmonary
reserve in patients who develop significant morbidity
after thoracic surgery.2

To date, the only consistent clinical predictor of post-
operative AF has been older age.1–7 It is well known that
aging causes degenerative changes in atrial anatomy that
are accompanied by related changes in atrial physiology
such as shorter effective refractoriness, longer SA and AV
nodal conduction times, atrial stiffening, and splitting of
the atrial excitation waveform caused by the pectinated
trabeculae.18,19 It is possible that unavoidable trauma to
sympathovagal fibers originating from the deep or super-
ficial cardiac plexus during surgery may be contributing
to preexisting atrial electrical changes caused by aging,
predisposing to AF. An association between older age
and prolonged P-wave signal-averaged duration was re-
cently demonstrated in a nonsurgical population.20 In
the current study, we also found that older age was
associated with a prolonged maximum P-wave duration
but observed only a small trend (P � 0.2) for patients
with postoperative AF to have a prolonged (� 120 ms)
maximum P-wave duration independent of age. In a
study with a relatively small sample size, Hogue et al.21

showed that patients who developed AF after cardiac
surgery had a prolonged sinoatrial conduction time in
response to surgery, perhaps reflecting some intraoper-
ative damage to conduction fibers. The presence of

known triggers such as atrial extrasystoles or sudden
shifts in autonomic balance will facilitate AF generation
and maintenance.22 Our finding that a greater preoper-
ative heart rate is independently associated with postop-
erative AF suggests that a lower vagal tone before sur-
gery may be a contributing trigger of this arrhythmia.
Heart rate has been proposed as a general indicator of
autonomic balance,23 and vagal withdrawal is common
after thoracic surgery.24 Taken together, the triad of
age-related atrial changes, surgical autonomic denerva-
tion, and known arrhythmia triggers are all necessary to
cause postoperative AF.

The role of the signal-averaged P-wave duration to
predict postoperative AF remains controversial.9 In our
previous experience, a prolonged signal-averaged
P-wave duration did not differentiate patients who de-
veloped AF after thoracic surgery.10 Even among inves-
tigators who describe its usefulness as a predictor of
postoperative AF, some proposed a cutoff point of
greater than 140 ms and others one greater than 155 ms
to indicate significant intraatrial conduction delay and,
hence, increased risk for arrhythmia occurrence.12,14

The latter group of investigators proposed a model for
preoperative risk stratification of AF after coronary artery
bypass surgery using advanced age (� 60 yr), prolonged
signal-averaged P- wave duration (� 155 ms), and male
sex as risk factors.14 Patients with all three risk factors
had a 58.8% chance of AF after coronary artery bypass
surgery. Unfortunately, even with this model, one could
only predict slightly better than 50% of those at high risk
for AF. Moreover, the incremental benefit of the signal-
averaged P-wave duration over advanced age alone was
small. The likely multifactorial etiologies for postopera-
tive AF partially explains why more than 60% of patients
do not develop this complication after cardiothoracic
surgery.5 It also explains why our data and other clinical
studies examining one mechanism, such as prolonged
intraatrial conduction as determined by a prolonged P-
wave duration by standard or signal-averaged electrocar-
diogram as a predictor of postoperative AF, have pro-
vided conflicting results.9–14

Another area of controversy has been whether to pro-
phylactically treat patients against postoperative AF and
whether to use rate control or rhythm control drugs.25,26

Recent data suggest that once AF has occurred postop-
eratively, rhythm control drugs offer little advantage to a
rate control strategy and intuitively may be associated
with less risk of proarrhythmia.27,28

Limitations
Because the primary end point of the study was the

occurrence of symptomatic AF, it is probable that short-
lived episodes of AF were underreported. Our study was
designed to evaluate clinically significant dysrhythmias
that are the focus of patients’ complaints and physicians’
therapeutic interventions. Therefore, our conclusions do
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not apply to the occurrence of some transient and
asymptomatic episodes of AF. In addition, our prospec-
tively collected data was taken from a patient population
in an ongoing database of consecutive trials but not
necessarily from consecutive patients who had surgery
at our institution during the study period. Nevertheless,
this population of patients represents one of the more
comprehensive and large prospective databases of pa-
tients undergoing major noncardiac thoracic surgery fo-
cused on the problem of postoperative AF.

In conclusion, postoperative AF is a frequent compli-
cation in elderly patients undergoing thoracic surgery
that is commonly associated with hemodynamic com-
promise, a greater need for intensive care, and increased
hospital stay. Therefore, in patients aged 60 yr or older
with a preoperative heart rate 74 beats/min or greater
undergoing major thoracic surgery, extended monitor-
ing is recommended for the early diagnosis and preven-
tion of potential sequelae of AF.

The authors thank James Tsang, M.S. (Database Administrator, Department of
Radiology, Memorial Sloan-Kettering Cancer Center, New York, NY), for help
with data analysis.
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