
Resource Utilization Related to Atrial Fibrillation After Coronary
Artery Bypass Grafting

Marilyn Hravnak, RN, PhD, Leslie A. Hoffman, RN, PhD, Melissa I. Saul, MS, Thomas G.
Zullo, PhD, and Gayle R. Whitman, RN, PhD
Department of Acute/Tertiary Care, School of Nursing, University of Pittsburgh (MH, LAH, TGZ,
GRW) and Medical Archival Retrieval System, Inc. (MIS), University of Pittsburgh Medical
Center–Health System, Pittsburgh, Pa.

Abstract
Background—Studies of resource utilization by patients with new-onset atrial fibrillation after
coronary artery bypass grafting have addressed only length of stay and bed charges.

Objective—To compare resource utilization between patients with new-onset atrial fibrillation
and patients without atrial fibrillation after isolated coronary artery bypass grafting.

Methods—Retrospective review of clinical and administrative electronic databases for 720
subjects who underwent isolated coronary artery bypass grafting with cardiopulmonary bypass in
25 months at one medical center. The prevalence of atrial fibrillation was determined, and
resource utilization in various hospital cost centers was compared between subjects with and
without atrial fibrillation.

Results—The prevalence of new-onset atrial fibrillation was 33.1%. Compared with subjects
without atrial fibrillation, subjects with atrial fibrillation had a longer stay (5.8 ± 2.4 vs 4.4 ± 1.2
days, P< .001), more days receiving mechanical ventilation (P=.002) and oxygen therapy (P< .
001), and higher rates of readmission to the intensive care unit (4.6% vs 0.2%, P< .001). Subjects
with atrial fibrillation also had more laboratory tests (P< .001) and more days receiving cardiac
drugs, heparin, diuretics, and electrolytes. Subjects with atrial fibrillation had higher total
postoperative charges ($57261 ± $17 101 vs $50905 ± $10062, P= .001), a mean difference of
$6356. The mean differences were greatest for bed charges ($1642), laboratory charges ($1215),
pharmacy ($989), and respiratory care ($582).

Conclusion—The economic impact of atrial fibrillation after coronary artery bypass grafting has
been underestimated.

Atrial fibrillation is the most common complication after coronary artery bypass grafting
(CABG), a procedure undergone by about 400 000 adults each year.1 The reported
prevalence of this complication ranges from 5% to 40%.2–6 Many researchers have
attempted to determine the risk factors for atrial fibrillation after CABG and to develop
prediction models or prophylactic strategies.2,5,7–20 Although the development of atrial
fibrillation after CABG affects patients’ mortality21 and morbidity to some degree,1,13,22–24

this complication most commonly results in lengthened hospitalization.8,24,25 Estimated
charges for these additional hospital days range from $1500 per patient5 to $10 000 per
patient2 for bed and room charges alone. In only one other study4 has resource utilization
been critically examined (in addition to length of stay) for patients with atrial fibrillation
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after CABG. As a result, the economic impact of atrial fibrillation after CABG has most
likely been underestimated. Further study in this area is warranted to determine the
economic severity of the problem and to provide a baseline whereby the effectiveness of
cost-containment measures can be assessed. Developing practice patterns that minimize
resource utilization may reduce the costs of caring for patients with atrial fibrillation after
CABG, even if the prevalence is not reduced.

The purposes of this study were to determine the prevalence of new-onset atrial fibrillation
in a large sample of patients undergoing isolated standard CABG with cardiopulmonary
bypass in a single medical center and to compare resource utilization between patients with
and patients without atrial fibrillation.

Materials and Methods
After receiving approval from the institutional review board (March 13, 1998), we
retrospectively obtained data for a 25-month interval (May 1, 1996 through May 31, 1998)
from the Medical Archival System (MARS) at the University of Pittsburgh Medical Center-
Health System. The MARS is a repository for information forwarded from the health
system’s electronic clinical, administrative, and financial databases. MARS is indexed on
every word and can be used to determine all encounters with a given patient between
specified dates.26 All subjects were more than 18 years old and underwent isolated CABG
(International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]
procedure codes 36.10–36.16 from the medical records discharge abstracts). Exclusion
criteria were (1) history of atrial fibrillation (both active and inactive), (2) prior or current
heart valve replacement or repair, (3) prior or current ventricular assist device, (4) CABG
procedures that did not use cardiopulmonary bypass (minimally invasive direct-vision
CABG or off-pump CABG), (5) perioperative or postoperative myocardial infarction, (6)
prior or current heart, lung, or heart-lung transplantation, (7) any other surgical procedure
during current admission, and (8) death in the operating room or within 12 hours of surgery.
Prior CABG was not an exclusion criterion. All subjects participated in the routine
prophylaxis strategy for atrial fibrillation that was in effect during the study period, which
included magnesium supplementation in the operating room, upon admission to the
intensive care unit (ICU), and on the first postoperative day and β-blocker administration
beginning the first postoperative day, if heart rate, blood pressure, and cardiac index were
acceptable.

Patients were initially selected by using procedure codes and then reviewing operative
reports to determine whether the patient had undergone isolated CABG with
cardiopulmonary bypass and to determine the number and location of vessels bypassed. To
determine which patients had new-onset atrial fibrillation, we first used the MARS to select
patients who had an ICD-9-CM code for atrial fibrillation (427.31) from the administrative
database. Because ICD-9-CM code assignment does not differentiate between new-onset
and preexisting atrial fibrillation, discharge summaries for all patients with code 427.31
were reviewed to verify that atrial fibrillation had occurred and to determine if the atrial
fibrillation was a newly acquired or a prior problem (full chart review if necessary). Second,
the clinical database for all remaining patients (no ICD-9-CM code 427.31) who underwent
CABG or minimally invasive direct-vision CABG was subjected to a MARS word search
(for atrial fibrillation, atrial fib, atrial dysrhythmia, and word variations), and we determined
whether the atrial fibrillation was of new onset or preexisting. Third, the pharmacy database
was queried for procainamide administration for all patients who did not have new-onset
atrial fibrillation according to the results of the preceding 2 steps. The charts of patients
receiving procainamide were reviewed to determine the rationale for drug administration
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and then assigned to the appropriate research group (new-onset atrial fibrillation, no atrial
fibrillation, excluded).

If a patient’s atrial fibrillation status was in question (new onset vs preexisting, yes vs no),
the patient was eliminated from the study. A total of 997 patients had undergone isolated
CABG with or without cardiopulmonary bypass within the 25-month time frame. Of these,
63 were excluded because of preexisting atrial fibrillation (active or inactive), 94 because of
off-pump surgery, and 120 because they either had more than 1 surgical procedure during
the admission or they died during or within 12 hours of surgery. A total of 238 subjects had
new-onset atrial fibrillation: (1) 140 according to ICD-9-CM code, (2) 86 according to the
word search, and (3) 12 according to the procainamide query. The remaining 482 subjects
who met entry criteria did not experience atrial fibrillation. Therefore, the final sample
included 720 subjects.

Demographic (age, sex, race), clinical, and fiscal data were extracted from the MARS
database. Preoperative condition was assessed by using Medi-Qual Systems’ Atlas
(MedisGroups, Westborough, Mass) scores. Atlas scores are an estimate of risk for in-
hospital mortality determined on the basis of key clinical findings upon admission by using
the scale 0 = no risk for clinical instability, 1 = minimal risk of clinical instability, 2 =
moderate risk, 3 = severe risk, and 4 = maximal risk. The admission characteristics upon
which Atlas scores were based are as follows: admission source, admission type (emergent
vs elective), age, cardiac dysrhythmias, cardiogenic shock, cardiomyopathy, conduction
disorders, diabetes, dialysis, sex, heart failure, hypertension with complications,
hypertension without complications, infarct site, malignant neoplasm, payer, prior CABG
surgery, and renal failure. Atlas scores compare favorably with Acute Physiology and
Chronic Health Evaluation II scores for predicting in-hospital death.27 In an effort to assess
past medical problems, ICD-9-CM codes within similar disease categories were clustered,
and only diseases with cumulative frequencies greater than 75 were selected for analysis.
Hypertension was excluded from this process because it was individually coded in 74% of
the sample. The number of vessels bypassed was obtained by review of the operative report
(obtained from MARS). Administrative and finance database components of MARS were
used to determine the operating room time.

Resource utilization was evaluated with regard to (1) operating room time (charge hours),
(2) length of stay (LOS), namely, total postoperative LOS, LOS in the postoperative ward,
postoperative LOS in the ICU, and readmission to the ICU, (3) laboratory tests (type and
number performed), (4) respiratory care (number of days of mechanical ventilation and
oxygen therapy), (5) number of electrocardiograms, and (6) pharmacy utilization. Pharmacy
usage was evaluated by identifying the total postoperative days of drug therapy within
classifications for both oral and intravenous cardiac drugs (β-blockers, calcium channel
blockers, angiotensin-converting enzyme inhibitors, digoxin, adenosine, procainamide,
lidocaine infusion, quinidine, amiodarone), anticoagulants (heparin, warfarin), diuretics
(furosemide, bumetanide), and electrolytes (potassium, calcium, magnesium). These data are
reported by drug days: the number of days for which the subject received a drug from within
a specific drug classification. This method was chosen to provide an approximate basis for
comparison between the groups, because comparing doses or dosages for various drug
formulations would be difficult. Drug days were measured from and including the operative
day through the day of discharge. Unless otherwise noted, or if the drug was available for
only a single route of administration, the drug days represent either an oral or an intravenous
preparation. If subjects received both an oral and intravenous preparation from a drug class
on the same day, it was counted as only 1 drug day.
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Disposition at discharge was extracted from the administrative database by using MARS.
Charge comparisons between subjects with and subjects without atrial fibrillation were made
for the resources just listed. Charges were extracted from MARS, which stores each charge
transaction. Charges were used (rather than costs) because they are considered less
proprietary, more readily shared in the literature, and could reflect between-group
differences in the same manner as costs. In order to account for inflationary increases,
charges for subjects admitted during months 13 to 25 of the study were decreased by 3%.

Statistical Analysis
Data were assembled by the MARS staff, prepared with subject identifiers to preserve
confidentiality, and presented to the research team for transfer and into the Microsoft Excel
(Microsoft Office 97, Microsoft Corporation, Redmond, Wash) research database. The χ2

test for proportions in the Statistical Package for the Social Sciences (SPSS, Inc, Chicago,
Ill) was used to examine differences in the prevalence of atrial fibrillation. Between-group
comparisons were made by using a Student t test for continuous variables and a χ2 test for
categorical variables. A P value less than .05 was considered significant. When several
variables in a category were analyzed, a Bonferroni correction was made and the alpha was
divided evenly across multiple variables. The number of subjects for the analyses varied
depending on the data available for the variable tested.

Results
Demographics

From the total sample of 720 subjects who underwent isolated CABG with cardiopulmonary
bypass, 238 had new-onset atrial fibrillation postoperatively, yielding a prevalence of 33.1%
for this complication. The demographic characteristics of subjects with and without atrial
fibrillation after CABG are compared in Table 1. The subjects in the 2 groups did not differ
on the basis of sex, race, body surface area, or past medical problems. Subjects in whom
atrial fibrillation developed were significantly older than were subjects without atrial
fibrillation. The groups also varied with respect to Atlas scores (P = .001); only 24% of the
patients without atrial fibrillation were moderate to severe risk for complications while
hospitalized, compared with 36% of the patients with atrial fibrillation. Subjects in whom
atrial fibrillation developed also had significantly more vessels bypassed (P= .014); 59% of
subjects with, but only 52% of subjects without, atrial fibrillation had 4 or more vessels
bypassed.

Resource Utilization
The utilization of resources is compared between subjects with atrial fibrillation and subjects
without atrial fibrillation in Table 2. The groups did not differ with respect to the number of
operating room charge hours (P=.54), suggesting that the length of the operative procedure
was similar for both groups. The total postoperative LOS was significantly longer for
subjects with atrial fibrillation than for subjects without atrial fibrillation (P<.001). The
subjects with atrial fibrillation also had a significantly longer postoperative stay in the ICU
(P=.001) and were more likely to require readmission to the ICU (P<.001). Subjects with
atrial fibrillation also had a longer postoperative stay in the hospital ward than did subjects
without atrial fibrillation (P<.001).

Subjects in the atrial fibrillation group tended to have more laboratory tests postoperatively
than did subjects without atrial fibrillation (P<.001), although variance within the atrial
fibrillation group was greater. Subjects who experienced atrial fibrillation also had more
postoperative charge days for mechanical ventilation (P=.002) and days of oxygen therapy
(P<.001), with more variance within the atrial fibrillation group. Subjects in the atrial
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fibrillation group also had more electrocardiograms obtained (P<.001). Additionally,
subjects varied with respect to disposition at discharge (P= .017); 19.7% of subjects with
atrial fibrillation and 13.1% of subjects without atrial fibrillation were discharged to
posthospital care facilities.

Laboratory Test Utilization
Further examination was done to determine if a specific category of laboratory tests
contributed to the difference noted between the groups (Table 3). Subjects in the atrial
fibrillation group had almost twice as many blood chemistry assays done as the subjects
without atrial fibrillation had done (P<.001). The atrial fibrillation group also had more
hematologic tests done (P<.001), including more prothrombin and partial thromboplastin
times (P=.001). More arterial blood gas analyses were performed for subjects with atrial
fibrillation than for subjects without atrial fibrillation (P= .009). As expected, a much larger
percentage of the patients with atrial fibrillation had procainamide/N-acetylprocainamide
levels measured, although the numbers of tests per subject were similar in the 2 groups (P = .
28). Only a few subjects with atrial fibrillation and none of the subjects without atrial
fibrillation had quinidine or digoxin levels measured. The most striking finding is the
difference between the groups in the number of blood chemistry assays performed.

Pharmacy Product Utilization
The comparison of pharmacy product utilization between subjects with and without atrial
fibrillation is presented in Table 4. Although similar percentages of both groups of subjects
received β-blockers, the subjects in the atrial fibrillation group had more drug days than did
the subjects without atrial fibrillation (P<.001). Although a higher percentage of subjects
with atrial fibrillation received calcium channel blockers, the groups did not differ in drug
days (P = .04) when a Bonferroni correction for 5 variables was applied. Patients in the atrial
fibrillation group had a greater number of drug days for angiotensin-converting enzyme
inhibitors (P= .002). The 2 groups did not differ in the number of drug days for digoxin (P= .
09). As expected, more patients with atrial fibrillation received procainamide, but the
number of drug days were comparable between the groups (P = .12). The numbers of
subjects who received adenosine, quinidine, and amiodarone were too low to analyze.

The subjects with atrial fibrillation had more drug days of heparin therapy than did subjects
without atrial fibrillation (P<.001). Although a greater percentage of subjects with atrial
fibrillation than without received warfarin therapy, the 2 groups did not differ with respect to
drug days (P=.49). Subjects with atrial fibrillation also had significantly more drug days of
furosemide therapy (P<.001). In terms of electrolyte replacement, the subjects with atrial
fibrillation had significantly more drug days for oral and intravenous potassium (P<.001),
intravenous magnesium (P<.001), and intravenous calcium (P<.001) supplementation.

Charges
The charges for CABG patients with and without atrial fibrillation are listed in Table 5.
Patients with atrial fibrillation had significantly higher charges for room, operating room,
laboratory, pharmacy, and respiratory care cost centers. The difference in total postoperative
charges was significant (P = .001), with a mean difference in total charges between groups
of $6356 (see Figure). The largest mean difference was for bed and room charges ($1642);
other mean differences were laboratory charges ($1215), pharmacy ($989), respiratory care
($582), room supplies ($518), operating room ($203), and electrocardiography ($67).
Charges accrued for services or products not examined in the study (eg, radiology,
microbiology, physical therapy) account for a mean difference of $1140.
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Discussion
Resource Utilization

In this study, the mean postoperative stay in the hospital was 1.4 days longer for subjects
with new-onset atrial fibrillation than for subjects without atrial fibrillation (P<.001).
However, most of their lengthened stay was on the ward (mean difference in ward stay was
1 day vs mean difference in ICU stay of 0.3 days). Others1,6,19,28–31 have noted that the
usual onset of atrial fibrillation is 2 to 4 days after surgery, so it would be expected that any
atrial fibrillation occurred after transfer from the ICU and treatment most likely was given
on the ward. Eleven (4.6%) of the subjects who developed atrial fibrillation were readmitted
to the ICU, compared with only 1 (0.2%) of the patients without atrial fibrillation.

Mathew et al5 noted that subjects with atrial fibrillation remained a mean of 0.5 days in the
ICU and 2.0 days on the ward. Aranki et al8 noted an overall increase in length of stay of 4.9
days for subjects with atrial fibrillation and an ICU readmission rate of 9% for patients with
atrial fibrillation compared with 2% for patients without atrial fibrillation. Almassi et al1

reported a longer stay in the hospital of 3 days (10 days for patients with atrial fibrillation vs
7 days for patients without), longer time in the ICU (3.6 days for patients with atrial f
ibrillation vs 2 days for patients without), and more frequent ICU readmission (13% for
patients with atrial fibrillation vs 3% for patients without).

Thus, the reported LOSs vary widely between centers. This variance may be due to
geographic considerations (Europe vs United States), time (more recent trend to fast track),
and variations in ICU admission criteria. However, all reports agree that patients with atrial
fibrillation stay in the ICU and on the ward longer, and our results concur with those of
others. Determining the reason for the lengthened stay is difficult. To some degree, the
difference might be explained by the greater number of vessels bypassed and the higher risk
according to Atlas scores for subjects with atrial fibrillation. Another hypothesis is that more
hospitalization time is required to implement interventions to convert to sinus rhythm, verify
stabilization of the therapy (eg, therapeutic procainamide levels), or institute and monitor
use of anticoagulants for subjects who do not convert. Still another hypothesis is that the
older age of subjects with atrial fibrillation indicates that they are more fragile subjects. In a
study of 436 subjects, 23% of whom had atrial fibrillation develop, Borzak et al32 noted that
subjects with atrial fibrillation had a longer stay in the ICU (2.7 days for subjects with atrial
fibrillation vs 1.7 days for subjects without) and on the ward (9.4 days for subjects with
atrial fibrillation vs 6.3 days for subjects without). However, according to multivariate
analysis with adjustments for age, sex, and race, the postoperative hospital stay was still
longer (P<.001) for subjects with atrial fibrillation (9.2 ± 5.3 days) than for subjects without
atrial fibrillation (6.4± 5.3 days). This results yields the conclusion that although subjects in
whom atrial fibrillation developed were older, the increased length of stay was attributable
to the atrial fibrillation and not to the patient’s age itself. Paone et al16 reported similar
findings. It therefore appears that the former hypotheses for increased LOS after atrial
fibrillation (more baseline coronary disease, more time needed for application and
adjustment of therapies) is the more likely explanation for the difference, rather than the age
of the patient.

Use of mechanical ventilation was significantly higher among subjects with atrial
fibrillation, although less so from a clinical standpoint (mean difference between groups was
only 0.3 days), whereas the difference between groups for oxygen therapy was 1 day. (Note
that the total number of days of mechanical ventilation plus days of oxygen therapy exceeds
the number for the postoperative LOS. This anomaly is most likely due to patients’ being
charged for both mechanical ventilation and oxygen therapy on the day of extubation.
Additionally, LOS data were based on admission/discharge/transfer data, which were based
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on the location of the patient at midnight. Therefore, patients could be charged for items on
the day of discharge but not have the discharge day calculated in the LOS data so long as the
patients were discharged before midnight.) These data closely correspond to the data for
mean difference in LOS. It is unknown whether or not the subjects with atrial fibrillation
required oxygen therapy longer because of a clinical indication such as decreased oxygen
saturation or if the therapy was routinely applied during the longer hospitalization.

Laboratory
In most other studies, examination of resource consumption was limited to LOS data. In this
study, we examined the utilization of resources within several large categories. In addition to
increased LOS, we noted that standard CABG patients with atrial fibrillation used
significantly more respiratory care services and had more laboratory tests performed. The
most striking finding is that subjects with atrial fibrillation had almost twice the number of
blood chemistry assays performed as did subjects without atrial fibrillation. Although this
outcome could, in part, be attributed to the longer LOS for patients with atrial fibrillation,
the twofold increase is not explained by possible “daily” electrolyte monitoring alone. More
likely, patients in whom atrial fibrillation develops have electrolyte analyses ordered more
often, or before and after additional supplementation. In the future, this might be an area for
study in this population of patients, because the number of such analyses may vary
regionally.

Pharmacy
Although many researchers have examined drug therapies for prophylaxis of atrial
fibrillation, no other published report discusses potential differences in the utilization of a
wide variety of drugs when patients have atrial fibrillation from the standpoint of resource
utilization. β-Blockers were received by nearly equal percentages of patients in both groups
(92.9% of patients with atrial fibrillation vs 92.5% of patients without) and for numbers of
drug days (5.1 ± 2.5 days for patients with atrial fibrillation and 4.2 ± 1.4 days for patients
without) that were nearly compatible with their respective lengths of stay although
significantly different between groups. This finding is in keeping with current practice in the
medical center for prophylaxis of atrial fibrillation (unless contraindicated by
hemodynamics data or cardiac rhythm). Apparently, 78.2% of subjects who developed atrial
fibrillation received procainamide therapy. A larger percentage of patients with atrial
fibrillation (59.7%) than patients without atrial fibrillation (10.8%) also received digoxin,
although the numbers of drug days within each group were comparable (3.8 ± 2.4 days for
patients with atrial fibrillation vs 3.1 ± 1.9 days for patients without).

Although patients from both groups may have received digoxin preoperatively, the larger
number of patients receiving the drug in the atrial fibrillation group is presumably explained
by use of this drug as a treatment for atrial fibrillation in conjunction with procainamide. A
higher percentage of patients with atrial fibrillation (57.6%) than without (32.4%) also
received calcium channel blockers, although the numbers of drug days were comparable in
the 2 groups. Although patients from both groups may have been receiving this class of
drugs for blood pressure control in both the preoperative and postoperative phases, the
greater use among patients with atrial fibrillation suggests that this drug class may be being
used as a treatment for atrial fibrillation. This topic is another worthy of exploration during
the development of a treatment protocol for atrial fibrillation. Because the charges for
calcium channel blockers are nearly 7 times as high as charges for procainamide,
procainamide may be the drug of choice for the protocol unless the patients should not
receive procainamide according to defined guidelines within the protocol. Patients with
atrial fibrillation also had more drug days for diuretics and for electrolytes. Presumably this
information indicates that patients with atrial fibrillation require more diuresis and
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experience more electrolyte abnormalities, conditions that may, in turn, potentiate the
genesis of atrial fibrillation. Another target area for protocol development might be
institution of a more comprehensive program for routine electrolyte replacement therapy and
monitoring of fluid balance.

Charges
Other researchers have noted an increase in cost related to care of patients with atrial
fibrillation, from as little as $1616 per patient for bed and room costs alone5 to $10 000 per
patient.2 Only 1 other investigator provided a more comprehensive analysis of cost
breakdown per cost center. Kowey et al4 noted an overall increase of $20 000 per patient,
with a mean difference of $7000 for room charges, $4000 for pharmacy charges, $3000 for
laboratory charges, and $1599 for respiratory care. These figures are much larger than those
we found in our data analysis. However, the results are similar to ours in that the increased
costs incurred by subjects with atrial fibrillation are not limited to bed and room charges
alone, but are accrued across most hospital cost centers in proportions that were similar for
the most part in both studies. Therefore, the economic impact of atrial fibrillation after
CABG is underestimated in most previous reports.

Limitations
Our study had several limitations. The study was based on data obtained from an electronic
medical record and therefore has risks inherent to use of retrospective data. ICD-9-CM
codes do not distinguish between new-onset and existing problems and therefore may lead to
underestimates of the true occurrence of the diseases, although measures were undertaken to
increase the likelihood of detecting all subjects with atrial fibrillation. Finally, economic
impact was estimated by using charges, rather than costs or the ratio of costs to charges.
Nevertheless, use of charges is consistent with reports from other researchers.

Implications
The development of new-onset atrial fibrillation after CABG remains an important clinical
problem. Our findings indicate that the economic impact of the development of this
complication was underestimated in the past. The development of predictive models has had
only limited success,19,33 and the application of prophylactic strategies has resulted in some
decrease in the prevalence but not in the eradication of atrial fibrillation. We can continue to
await more effective prophylactic strategies, but in the meantime the costliness of this
complication compels us to find more cost-effective ways to manage the problem and the
associated care once atrial fibrillation has occurred.

Our research suggests that much of the increased resource utilization parallels the longer
stay (mean difference values for oxygen therapy days and drug days closely correspond to
the mean difference for LOS) and can be influenced by testing protocols that indicate
treatment leading to more rapid conversion to normal sinus rhythm or that require little
adjustment and monitoring after implementation, thereby decreasing LOS. Second,
pharmacological strategies for conversion could be compared (use of diltiazem vs
procainamide) to determine if less costly drugs are acceptably efficacious, or conversely, if
more expensive drugs minimize the LOS and the attendant associated costs we described
and are therefore ultimately more cost-effective. Third, costs can be affected by examining
whether some therapies or tests done every hospital day are applied by routine or could be
safely eliminated (eg, more liberal potassium and magnesium replacement with lesser
routine monitoring of levels for patients with normal renal function). We recommend that
treatment protocols that address these areas be developed and tested in the future.
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1. .
Distribution of the difference in total mean charges ($6356) between subjects with and
subjects without atrial fibrillation after coronary artery bypass graft surgery.
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Table 1

Characteristics of subjects with and without atrial fibrillation after coronary artery bypass graft surgery

Characteristic
No fibrillation

(n= 482)
Fibrillation

(n =238) P

Age, mean (SD), years 63.9 (10.1) 69.5 (7.5) <.001

Male sex 67.2 69.6 .05

White race 92.5 92.0 .68

Body surface area, mean
(SD), m2

1.95 (0.23)* 1.96 (0.21)† .62

Atlas score .001

  0 = no risk 1.0 0.4

  1 = minimal risk 75.0 63.9

  2 = moderate risk 22.4 32.8

  3 = severe risk 1.7 3.0

  4 = maximal risk 0 0

Past medical problems
defined by ICD-9-CM code

  Diabetes 27 31.9 .17

  Old myocardial infarction 29.5 29.0 .90

  Heart failure 9.5 9.2 .90

  Chronic obstructive
pulmonary disease

10.2 10.9 .75

No. of vessels bypassed .014

1 3.7 0

2 11.6 10.1

3 33.0 31.5

4 38.6 39.9

5 or more 13.1 18.5

Other than P values, numbers in table are percentages of patients with that characteristic in each group, unless otherwise indicated. Because of
rounding, percentages for Atlas scores do not total 100. ICD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical
Modification.

*
n=235.

†
n=479.
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Table 2

Resource utilization for subjects with and without atrial fibrillation after coronary artery bypass graft surgery

Resource
No fibrillation

(n = 482)
Fibrillation

(n= 238) P

Time in operating room,
mean (SD), charge hours

3.9 (0.9) 3.8 (0.8) .54

Length of stay

  Total postoperative, mean
(SD), days

4.4 (1.2) 5.8 (2.4) <.001

  Intensive care unit
postoperative, mean (SD),
days

1.2 (0.5)* 1.5 (1.5)† .001

  Readmission to intensive
care unit, No. (%) of
patients

1 (0.2) 11 (4.6) <.001

  Ward postoperative, mean
(SD), days

3.3 (1.1) 4.3 (1.7) <.001

No. of laboratory tests per
subject, mean (SD)

38.6 (16.6) 53.7 (29.5) <.001

Respiratory care

  Mechanical ventilation,
mean (SD), days

1.4 (0.5) 1.7 (1.3) .002

  Oxygen therapy, mean (SD),
days

4.1 (1.3) 5.0 (2.3) <.001

No. of electrocardiograms
per subject, mean (SD)

1.9 (0.8) 2.5 (1.3) <.001

Discharge disposition, No.
(%) of patients .017

  Home 167 (34.6) 70 (29.4)

  Home health agency 252 (52.3) 119 (50.0)

  Posthospital care facility 63 (13.1) 47 (19.7)

  Mortality 0 (0) 2 (0.8)

*
n = 477

†
n = 235
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Table 5

Charges accrued by subjects with and without atrial fibrillation after coronary artery bypass graft surgery

Variable
No fibrillation

(n = 482)
Fibrillation

(n= 238) P

Total postoperative charges 50.90 (10.06) 57.26 (17.10) .001

Room*

  Intensive care unit bed 3.01 (1.35) 3.91 (4.02) .001

  Intensive care unit supplies 0.41 (0.34) 0.62 (1.29) .02

  Ward bed 2.22 (0.71) 2.96 (1.12) <.001

  Ward supplies 0.65 (0.33) 0.96 (0.61) <.001

Operating room related

  Operating room total 19.91 (2.02) 20.11 (1.88) .19

  Operating room time 6.69 (1.59) 6.72 (1.44) .71

  Perfusion charges 6.61 (1.07) 6.70 (0.93) .22

Laboratory total 3.20 (1.11) 4.42 (2.14) .001

Pharmacy total 2.34 (1.11) 3.33 (2.21) <.001

Respiratory care

  Mechanical ventilation 0.97 (0.36) 1.16 (0.89) .001

  Oxygen therapy 1.70 (0.81) 2.09 (1.54) .001

Other than P values, all numbers in table are in thousands of US dollars, presented as mean (SD)

*
Bonferroni correction for 4 variables, P= .01.
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