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Clinical Investigations

Atrial Fibrillation Independently Prolongs Hospital Stay after Coronary Artery

Bypass Surgery
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Summary

Background: Atrial fibrillation (AF) is the most common
arrhythmia occurring in patients after coronary artery bypass
surgery (CABG).

Hypothesis: The purpose of this study was to determine
whether AF independently prolonged postoperative length of
stay (LOS).

Methods: Consecutive patients undergoing elective CABG
were identified. Baseline clinical variables, postoperative
course including the development of AF, and postoperative
LOS were recorded.

Results: In all, 216 patients (aged 61 + 13 years) were ex-
amined. Postoperative LOS was 11.3 £6.4 days (median LOS
=9 days). Fifty-five patients (25%) developed AF. Among 16
variables examined, the univariate predictors of LOS included
age (p<0.001), preoperative left ventricular ejection fraction
(p<0.001), absence of a prior smoking history (p <0.05), by-
pass limited to venous conduits (p <0.001), postoperative AF
(p<0.001), and the occurrence of a postoperative event (p<
0.001). Length of stay for patients who developed AF was sig-
nificantly longer than that for patients who did not (15.1 £9.0
vs. 10.0 4.6 days, p<0.001). After adjusting for other signif-
icant variables, the occurrence of AF after CABG indepen-
dently prolonged LOS: patients who developed AF stayed 3.2
% 1.7 days longer than patients who did not (p < 0.001).
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Conclusions: Atrial fibrillation lengthens hospital stay after
CABG, and its effect is independent of other important vari-
ables. Identification of patients who are at risk for AF and suc-
cessful treatment to prevent AF will likely contribute to major
reductions in consumption of health care resources in patients
with CABG.
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Introduction

During this era of widespread health care reform aimed at
cost containment, physicians and third-party payers have be-
gun to focus on cardiac surgery, which is a major contributor to
health care expenditures. Approximately 500,000 patients un-
dergo coronary artery bypass surgery (CABG) each year,! at
an estimated cost of $45,000 per procedure.? Because of the
high expenditures for cardiac surgery, efforts have been made
to decrease the cost of surgery while maintaining appropriate
postoperative care. Hospital length of stay (LOS), in particular,
is an important determinant of total hospital costs from cardiac
surgery. Changes, including same-day admissions, and clini-
cal pathways aimed at early extubation and early transfer out
of the intensive care unit, have resulted in a shorter LOS with-
out any adverse effects on morbidity or mortality.>-%

Atrial fibrillation (AF) is the most common arrhythmia seen
after cardiac surgery occurring in 25 to 40% of patients.%-15
Although AF is often short lived and without sequelae, it can
result in increased morbidity and also in increased hospital
costs due to the need for more intensive monitoring, addition-
al medications, and more extensive diagnostic and therapeutic
interventions. Several earlier trials have demonstrated that AF
can adversely affect hospital LOS after CABG,!! -7 but few
have demonstrated the unique contribution of AF to hospital
LOS in the presence of other confounding variables. !> 1 The
purposes of this study were to determine whether AF indepen-
dently prolonged hospital LOS after CABG, and to determine
which additional factors, if any, contributed to a prolonged
postoperative stay.
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Methods
Patient Eligibility

In a prospective study designed to examine the risk factors
for AF, consecutive patients undergoing elective cardiac sur-
gery at St. Luke’s Hospital over a 2-year period extending
from February 1992 to February 1994 were identified. Patients
without a history of AF who were in normal sinus rhythm on
preoperative electrocardiogram (ECG) were included in the
study. Patients requiring class I or III antiarrhythmic agents
were excluded from participation. The results of this investiga-
tion have been reported previously.'® In the current analysis,
only those patients referred for cardiac surgery limited exclu-
sively to CABG are included.

Inpatient Follow-Up

Baseline clinical variables and postoperative course were
recorded. Patients were monitored by telemetry in the inten-
sive care unit, or “‘step-down” unit for several days after sur-
gery. Telemetry monitoring was discontinued at the discre-
tion of the primary cardiologist. Any episode of AF lasting
longer than 30 min was recorded. Atrial fibrillation was de-
fined by the absence of P waves and the presence of fibrillato-
ry waves in the isoelectric portion of the ECG or telemetry
strip. After discharge, the medical record data of all patients
were reviewed to determine postoperative LOS and to docu-
ment the occurrence of any significant postoperative event. A
postoperative event was predefined as an event that was ex-
pected to delay discharge and was included in the analysis so
that adjustments could be made for a prolonged postoperative
LOS resulting from factors unrelated to the variables studied
(e.g., unforseen complications). These consisted of the fol-
lowing: a significant postoperative infection (pneumonia,
wound infection, bacteremia), a significant neurologic event
(cerebral vascular accident, seizures, psychosis), respiratory
failure requiring prolonged mechanical ventilation, peripher-
al or pulmonary emboli, acute renal failure, ventricular ar-
rhythmias or high-grade atrioventricular block, repeat sur-
gery, and wound disruption.

Statistical Analysis

Statistical analyses were performed using SPSS (Statistical
Package for the Social Sciences). The mean postoperative
LOS (+ standard deviation) was calculated for each discrete
clinical variable. For better visualization of the effect that con-
tinuous variables had on hospital LOS, we incorporated cer-
tain predefined cut-off values for these variables so that they
might also be compared as discrete variables. Student’s -tests
were used to measure differences in LOS in the presence
or absence of each discrete variable and Pearson’s Product-
Moment correlations were used to determine the contribution
to LOS for continuous variables. Simultaneous partial regres-
sion analysis was performed on all significant variables to de-
termine each variable’s unique contribution to LOS.

Results
Baseline Clinical Variables and Hospital Course

Inall, 216 patients (aged 61 + 13 years, 72% men) were en-
rolled in the study. The baseline clinical characteristics of these
patients and the intra- and postoperative variables are outlined
in Table 1. Of these, 37% had a prior myocardial infarction.
The average left ventricular ejection fraction was 49 + 15%.
The surgical mortality was 2.3%.

Forty-four patients (20%) experienced a postoperative
event. Among these patients, 17 had a postoperative infection,
11 experienced a neurologic event, 11 had respiratory failure,
6 had peripheral or pulmonary emboli, 1 had acute renal fail-
ure, 21 had ventricular arrhythmias or significant atrioven-
tricular block, 1 underwent repeat surgery, and 4 had wound
disruption. Since some patients experienced more than one
postoperative event, the number of events are greater than the
number of patients with events.

Fifty five patients (25%) developed AF after CABG. Atrial
fibrillation occurred 4.1 + 3.0 days after surgery. The duration
of AF varied from < 1 h to several days. Figure 1 depicts the
number of patients who developed AF on each postoperative
day. This arrhythmia tended to occur early after surgery with
the majority of patients (73%) developing AF by the third
postoperative day.

TasLE I Clinical characteristics of the study population

Baseline variables N (%)
Age (years) (+ standard of the mean) 61+13
Male sex (%) 156 (72)
Diabetes (%) 71(33)
Hypertension (%) 123(57)
Smoking history (%) 127(59)
Lung disease (%) 19(9)
Prior MI (%) 79(37)
NYHA angina class T or IV (%) 179(83)
Ejection fraction (%)

(+ standard of the mean) 49+ 15%
LVHon ECG (%) 10(5)
Intraoperative data

Aortic cross clamp time (min)

(z standard of the mean) 4642

Number of vessels bypassed

(+ standard of the mean) 3.1+1.0

Bypass with 2 | IMA (%) 177(83)
Postoperative course

Betablockers (%) 81(38)

Significant event (%) ¢ 44 (20)

AF (%) 55(25)

Mortality (%) 523)
“ See Methods for definition.

Abbreviations: AF = atrial fibrillation, ECG = electrocardiogram,
IMA = internal mammary artery, LVH = left ventricular hypertrophy,
MI = myocardial infarction, NYHA = New York Heart Association.
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Fic. 1 The incidence of atrial fibrillation (AF) following coronary
artery bypass grafting as a function of postoperative day. The major-
ity of patients (73%) developed AF by the third postoperative day.

TaBLE II  Univariate analysis of variables as a function of postoper-
ative length of stay

Clinical Number Length

variable ofpatients  of stay p Value
Age <65 years 135 9.8+4.0 <0.001
Age > 65 years 81 13.9+8.6

Male 156 11.1+£6.0 NS
Female 60 120+74

Diabetes 71 120+6.8 NS
Nodiabetes 145 11.0+6.2
Hypertension 93 11.3+58 NS
No hypertension 123 11.4+72

Smoking history 127 10.3+4.8 <0.05
No smoking history 89 12.7+8.0

Lung disease 19 12985 NS
No lung disease 196 11.2+62

Prior MI 79 11.7£6.7 NS
No prior MI 136 11.1+6.2

NYHA anginaclassLorIl 36 10.7+5.0 NS
NYHA anginaclassHlor IV~ 179 11.5+6.7

Ejection fraction >40% 148 10.1+4.8 <0.001
Ejection fraction <40% 68 13.8+84

LVHon ECG 10 13.0+£6.5 NS
NoLVHonECG 205 11.2+64

Aortic cross clamp > 75 min 31 123+85 NS
Aortic cross clamp <75 min 169 10.8+5.6

1 or 2 vessels bypassed 49 13.3+93 NS
>2 vessels bypassed 167 10.5+52

Bypass with IMA 177 10654 <0.001
Bypass without IMA 37 15.0+£9.2

Beta blockers 81 13.0+6.5 NS
No betablockers 135 11.8+£69

Significant event® 44 17.5+£100 <0.001
No significant event 172 9.7+3.7

AF 55 152490 <0.001
No AF 161 100x4.6

4 See Methods for details.
Abbreviations as in Table I.

Length of Stay

The mean postoperative LOS was 11.3 + 6.4 days; the me-
dian stay was 9 days. The LOS in the presence or absence of
each clinical variable is depicted in Table II. Partial regression
analysis resulted in five clinical variables that independently
prolonged postoperative LOS (Table III). These variables in-
cluded the following: age, ejection fraction, the occurrence of
a major complication, bypass limited to saphenous vein grafts,
and the occurrence of postoperative AF. Even after accounting
for all other confounding variables, patients who developed
AF after CABG had an LOS that was 3.2 + 1.6 days longer
than patients who did not [95% confidence interval (CI) 1.53,
4.78, p<0.001) (Fig. 2)].

Discussion

Relationship of Postoperative Atrial Fibrillation to
Length of Stay

Rising health care costs have influenced our approach to the
treatment of the patient post CABG. Recently the health care
system has begun to focus on hospital LOS, a significant con-
tributor to hospital expenditures. Our study demonstrated that

TaBLE III Independent predictors of prolonged postoperative
length of stay

Factor Coefficient p Value
Age 2.63 <0.001
Ejection fraction —-2.09 <0.01
Bypass with IMA —3.15 <0.001
Significant event“ 5.65 <0.001
AF 3.16 <0.001
@ See Methods for details.
Abbreviations as in Table I.
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FIiG.2 Relative length of stay in the presence or absence of atrial
fibrillation (AF). Patients who developed AF were hospitalized
more than 3 days longer than patients who were free of this arrhyth-
mia, even after accounting for differences in other baseline variables.
x =relative length of stay for patients without AF.
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AF prolonged LOS after CABG, and this effect was indepen-
dent of other confounding variables. In our study, AF was
common, occurring in one of four patients and resulting in an
LOS prolongation of several days. At our institution, each ad-
ditional hospital day in the cardiac step-down unit contributes
approximately $1,500 to the total cost of hospitalization per
cardiac surgery patient. Of an estimated 500,000 patients re-
ferred for CABG each year in the United States, approximate-
ly 125,000 patients may develop AF, requiring on average 3
additional days in the hospital. Assuming that hospital costs in
our institution are typical for costs nationwide, then the devel-
opment of AF confers an additional $562 million dollars to to-
tal health care expenditures each year. Since AF is a modifi-
able variable, a decrease in the incidence of postoperative AF,
or changes in the management of AF, may decrease hospital
LOS and result in a decreased utilization of hospital resources.
Earlier research focusing on the interaction of AF and hos-
pital LOS after cardiac surgery is limited. Several investigators
have reported that AF can delay discharge,'!- 719 although
only two demonstrated an independent effect of AF on postop-
erative LOS:'5- 16 in a recent study of 2,035 patients referred
for CABG,'® multiple pre-, intra-, and postoperative variables
were examined to determine which contributed to a postoper-
ative LOS over 14 days. Multivariate analysis demonstrated
that the presence of a supraventricular arrhythmia significant-
ly increased the likelihood of an extended hospitalization [rel-
ative risk (RR) for LOS > 14 days for AF patients compared
with patients free of this arrhythmia: 1.23,95% CI 1.11, 1.37,
p<0.0001]. In another study examining 570 consecutive pa-
tients undergoing CABG, ! the development of AF was also
shown to prolong LOS after surgery (15.3 + 28.6 vs. 9.3 +
19.6, p=0.001). These investigators reported a 4.9-day longer
adjusted hospital LLOS for patients who developed AF com-
pared with patients who remained in sinus rhythm. The var-
iability in LOS reported in this study was quite large as depict-
ed by the excessive standard deviation in length of stay, how-
ever, the results do agree closely with the current study.
Cresswell er al.!! and Mathew et al.!” both examined large
cohorts of patients undergoing cardiac surgery and demon-
strated that the occurrence of AF was a univariate predictor for
a prolonged postoperative LLOS. In these reports, AF was as-
sociated with a higher incidence of other pre- and postop-
erative factors known to affect hospital LOS. Since postoper-
ative LOS was not adjusted for these confounding variables,
the unique contribution of AF to hospital LOS was uncertain.
Lazar et al.®> and Weintraub et al.? reported that a postop-
erative arrhythmia independently lengthened hospital LOS.
These findings, however, were not specific for patients with
AF, as their definition of a postoperative arrhythmia also in-
cluded bradyarrhythmias and ventricular tachyarrhythmias.

Prevention of Postoperative Atrial Fibrillation

Of all the variables we examined, AF is the only potentially
modifiable variable that prolongs hospital LOS after CABG:
age and left ventricular ejection fraction are both fixed vari-
ables that cannot be modified. Attempts to prevent postopera-

tive complications, including practices of early extubation and
ambulation, as well as careful attention to sterile techniques
are already widely exercised by all healthcare workers and
likely cannot be significantly improved upon. The use of arte-
rial conduits, when possible, is also universally implemented
since mammary grafts clearly offer a mortality benefit.2! How-
ever, efforts to prevent the occurrence of AF are not universal
and often are unsuccessful.

Beta blockers are the most effective therapy used to prevent
AF after cardiac surgery. Several earlier studies'® 22 have sug-
gested that withdrawal of beta-adrenergic blockade contribut-
ed to the occurrence of atrial arrhythmias seen after cardiac
surgery, while other studies have shown a benefit to prophy-
lactic treatment of AF with beta blockers.% 10-19.22-27 Degpite
their apparent benefit, beta blockers may be underused or may
be started too late in the postoperative period. In the current
study, the use of beta-blocking agents in the postoperative pe-
riod had no effect on postoperative LOS. This likely reflects
the low rate of utilization of this valuable antiarrhythmic drug
in the cohort studied (< 40% of patients were treated with beta
blockers after surgery).

In a promising study by Daoud et al.,® 124 patients referred
for CABG were randomized to treatment with amiodarone or
placebo. The administration of amiodarone resulted in a near-
ly 50% reduction in the incidence of AF after CABG (23 vs.
42%,p=0.03). It was interesting to note that patients assigned
to amiodarone were discharged earlier than those randomized
to placebo, and the authors reported a significant reduction in
hospital costs ($18,375 + $13,863 vs. $26,491 + $23,837,p=
0.03). These findings imply a potential improvement in post-
operative LOS and cost savings by preventing AF. Since only
hospital charges were examined, the preoperative (outpatient)
costs of amiodarone therapy were not included in the analysis
and may have had substantial impact on total patient charges
related to surgery. Further research is indicated to determine
whether effective treatment to prevent AF will translate into
earlier discharge home as well as overall cost efficacy.

Study Limitations

Since telemetry monitoring was discontinued at the discre-
tion of the primary cardiologist, many patients were not mon-
itored through hospital discharge. Although it is possible that
some episodes of AF were not recorded, we feel that the ma-
jority of episodes were documented, because sustained AF
is often accompanied by clinical symptoms, or by findings on
physical examination.

We used medical record data to identify the occurrence of a
significant postoperative event and the hospital discharge
date. This information was obtained by an investigator who
was blinded to other patient data, hence it is unlikely that col-
lection of data in this manner substantially biased the results
of this study.

We were unable to conclude successfully why AF adverse-
ly affected hospital stay since we did not thoroughly examine
the many variables involved in the way AF was controlled or
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treated. Since the occurrence of AF in our study was not asso-
ciated with an increase in postoperative events (including
stroke), we postulate that in general the additional time spent
in the hospital was a result of an increased need for cardiac
monitoring and treatment prior to and after cardioversion,
and/or initiating anticoagulation.

We acknowledge that the mean postoperative LOS ob-
tained in our study was longer than the expected postop-
erative LOS for patients undergoing bypass surgery in 1999
because the study was completed more than 5 years ago.
Nonetheless we suspect that AF remains a major impediment
to reductions in LOS across the spectrum of CABG patients
as exemplified by our study and other recent results. !> 16

Conclusion

We conclude that AF was the only observed potentially
modifiable variable that affected postoperative LOS after
CABG. Since efforts to prevent this arrhythmia are often
unsuccessful, more effective therapy is required to lessen the
burden of this stubborn postoperative complication. Success-
ful prophylaxis of this arrhythmia will likely lead to a mean-
ingful shortening of post-CABG LOS and a decrease in hospi-
tal costs.
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