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Abstract

Background—~Postoperative Atrial Fibrillation (POAF) following cardiac surgery results in a
significant increase in morbidity, mortality, and healthcare cost. Prophylactic amiodarone has been
shown to reduce the incidence of POAF, however the cost-effectiveness of a protocol driven
approach remains unknown.

Methods—All patients with a Society of Thoracic Surgeons (STS) risk score enrolled in a
prophylactic amiodarone protocol (n=153) were propensity score matched 1:3 with patients prior
to protocol implementation (n=3574). Using the matched cohort, multivariate logistic and linear
regressions assessed the relative risks (POAF reduction and adverse medication effects) of
amiodarone therapy and costs respectively. TreeAge cost-effectiveness software modeled effects of
prophylactic amiodarone costs, complication rates and quality of life.

Results—Of patients eligible for the prophylactic amiodarone protocol, 94.3% (281/298) were
enrolled. Prophylactic amiodarone significantly reduced the rate of POAF (25.7 vs 16.8%,
p<0.0001). A total of 600 matched patients demonstrate no baseline differences in demographics,
comorbidities, disease state, or operative factors with a significant reduction in POAF without an
increase in other associated complications. Using these adjusted estimates, the prophylactic
amiodarone protocol demonstrated a cost savings of $458 per patient. Sensitivity analysis
confirmed the protocol is cost-effective for all protocol related POAF risk reductions below OR
0.726.

Conclusions—Implementation of a prophylactic amiodarone protocol significantly reduced
risk-adjusted rates of POAF with a cost savings of $458 per patient. This analysis demonstrates
how rigorous quantitative analysis can evaluate the benefits of quality improvement projects.
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Atrial fibrillation is the most common postoperative complication following cardiac surgery
affecting 15-65% of patients.(1-3) Postoperative Atrial Fibrillation (POAF) following
cardiac surgery results in a significant increase in morbidity and mortality.(2, 4, 5) This has
in turn led to increased hospital costs, resource utilization, and hospital length of stay (LOS).
(3, 6) Previous studies have shown an additional $7,000 to $14,000 cost increase in
association with POAF.(3, 6, 7) Given the high incidence and substantial cost of POAF this
has been a frequent target of quality improvement projects to provide superior outcomes at a
lower cost resulting in better value.(8, 9)

Several pharmacologic interventions aimed at preventing POAF have been studied.(10) The
successful use of amiodarone for preventing POAF has been well described in the literature.
(10-15) In one randomized controlled trial, one dose of IV amiodarone was given in the
immediate post-operative period followed by 5 days of oral amiodarone prophylaxis. The
effect was 32% of the patients in the placebo group experienced POAF compared to only
14% in the treatment group.(14) Prophylactic amiodarone has been shown to reduce the
incidence of POAF, however the cost-effectiveness of a protocol driven approach remains
unknown. A 2008 randomized controlled study of 250 patients in Europe demonstrated that
implementation of an amiodarone protocol for POAF lead to a 2% savings per patient.(12)

The purpose of this study was to evaluate the cost-effectiveness of a prophylactic
amiodarone protocol implemented at our institution to reduce the incidence of POAF. We
hypothesized a prophylactic amiodarone protocol would significantly reduce the incidence
of POAF in a cost-effective manner.

Patients and Methods

Patient and Cost Data

All patients undergoing cardiac surgery with a Society of Thoracic Surgery (STS) risk score
from January 2013 to April 2017 were identified using an institutional STS database.
Patients were stratified by enrollment in a prophylactic amiodarone protocol. Hospital
finance records obtained from the Clinical Data Repository (CDR) were matched to each
patient record. Every hospital charge code has an associated cost valuation that is derived
from direct and indirect costs, which were then totaled for the entire admission. Hospital
costs were adjusted to 2016 equivalent dollars using the Center for Medicare and Medicaid
Services (CMS) Inpatient Prospective Payment System (IPPS) adjustment for medical
related inflation. Cost data was presented as mean £ SD to more fully represent all cost
variation and outliers. The University of Virginia Institutional Review Board approved this
study with a waiver of patient consent due to its retrospective nature and minimal risk to
participants (IRB Protocol # 19762).
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Amiodarone Prophylaxis Protocol

Starting in November 2016 all patients undergoing cardiac surgery were enrolled in the
protocol unless they met exclusion criteria preoperatively (Supplemental Figure 1). The
protocol included a loading dose of amiodarone four hours after admission to the Intensive
Care Unit (ICU) postoperatively. Loading dose was amiodarone 900mg in 500 ml of 5%
dextrose water given at 1 mg /minute over 6 hours, followed by 0.5 mg/minute over 18
hours. On postoperative day one, the patient transitioned to amiodarone 200 mg TID. This is
continued to 42 doses (14 days) or until the patient is discharged, whichever occurs first. If
patients were unable to tolerate the intravenous amiodarone load on postoperative day zero,
they were started on amiodarone 200mg oral three times daily on postoperative day one. If
patient could not tolerate oral medication on postoperative day one they were given
amiodarone 150 mg intravenous every 12 hours.

Statistical Analysis

Continuous variables are presented as median (IQR) and categorical variables as number
(%). To control for selection bias in our control group propensity score matching was
utilized. All patients with a STS risk score enrolled in a prophylactic amiodarone protocol
(n=153) were propensity score matched 1:3 with all patients meeting enrollment criteria
with STS risk scores prior to initiation of the protocol (n=3574). The propensity score
matching was performed using only preoperative variables including demographics,
medications, and comorbid disease in a logistic regression model (Figure 1). Matching was
completed using a greedy algorithm without replacement. Balance was assessed by
standardized mean differences, with all results <20%.

Patient demographics, operative characteristics and short-term outcomes were compared
using Chi-Square test, Mann Whitney U-test for categorical and continuous variables as
appropriate. After matching, groups were compared by paired univariate analysis.
Categorical variables were compared using McNemar’s Test and continuous variables
compared by Signed Rank Test. Multivariate logistic regression was used to identify the
risk-adjusted impact of the prophylactic amiodarone protocol on the occurrence of POAF
adjusting for year of surgery in the matched cohort. Similarly, adverse events attributed to
amiodarone were identified as the incidence of any in hospital postoperative event occurring
in the amiodarone protocol cohort compared to the event rate in the control group, excluding
atrial fibrillation. Linear regression identified the risk-adjusted costs associated development
of POAF as well as the cost of adverse events attributed to prophylactic amiodarone. All
statistical analyses were performed using SAS Version 9.4 (SAS Institute, Cary, NC).

Cost-Effectiveness Model

A model was developed to analyze the financial impact of the prophylactic amiodarone
protocol at our institution (Figure 1). All cost-effectiveness modeling was performed using
TreeAge Pro Version 2017 (TreeAge Software, Inc., Williamstown, MA). Institutional rates
of POAF were applied to both arms of the analysis. Patients enrolled in the prophylactic
amiodarone protocol had POAF rates multiplied by the risk reduction associated with the
amiodarone protocol risk reduction (the odds ratio identified by logistic regression). Also for
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the amiodarone protocol group, the rate of adverse events was included based as the odds
ratio from logistic regression.

The institutional risk-adjusted costs for POAF and adverse events attributable to amiodarone
identified by linear regression were also included. The cost of the medication was applied to
all patients in the treatment arm. Quality of life was included as utilities set to 1.0 for
patients without POAF or amiodarone associated adverse events. No estimates were
available for the utility of POAF, but based on the relatively modest impacts on additional
complications and mortality, a 10% reduction in utility was assigned for POAF as well as
adverse events attributed to amiodarone with a combined 20% reduction for the occurrence
of both.

One-way sensitivity analyses were performed for all variables included in the model by
allowing them to range between the 95% confidence intervals of the parameter estimates.
Two-way sensitivity analysis was performed for those variables identified on one-way
sensitivity analysis to influence cost-effectiveness.

Baseline Characteristics

Of patients eligible for the prophylactic amiodarone protocol since implementation, 94.3%
(281/298) were enrolled. Prophylactic amiodarone significantly reduced the institutional rate
of POAF (25.7 vs 16.8%, p<0.0001) in the first 6 months of implementation. Propensity
score matching was utilized since significant baseline differences existed between the pre
and post protocol populations (Supplemental Table 1). A total of 600 matched patients
demonstrate no baseline differences in demographics, comorbidities, disease state, or
operative factors (Table 1). Within these matched groups, the prophylactic amiodarone
protocol patients demonstrate a significant reduction in POAF without a significant increase
in other associated complications (Table 1).

Cost and Risk Modeling of POAF

Multivariate logistic regression for the incidence of POAF demonstrated the prophylactic
amiodarone protocol independently reduced the risk of POAF (OR 0.46, p=0.003) in the
matched cohort even after accounting for time bias (Table 2). Additionally, modeling for
adverse events demonstrated amiodarone contributed a non-statistically significant increase
in adverse events (OR 1.20, p=0.44, Table 2). Multivariate linear regression for total hospital
costs in the matched cohort provided an estimate of $6743+3639 attributable to POAF when
adjusting for STS major morbidities and year of surgery (Table 2). Finally, the cost of
adverse events attributable to amiodarone were estimated as $6766+5046 adjusting for the
occurrence of POAF and year of surgery using the matched cohort (Table 2). All models
performed adequately with moderate predictive power, c-statistic range 0.78-0.87.

Cost-Effectiveness Modeling

Cost-effectiveness of the prophylactic amiodarone protocol was modeled using the estimates
calculated above. A standard willingness-to-pay threshold of $50,000 per utility was used
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for the calculation. The model demonstrates the prophylactic amiodarone protocol is cost
effective with an average savings of $458 for every patient treated (Figure 2). The protocol
provided an incremental cost-effectiveness ratio with savings of $64,156 per utility adjusted
unit gained.

Within the 95% confidence intervals of the estimates from above, the model is only sensitive
to amount of reduction in POAF associated with the prophylactic amiodarone protocol,
where any odds ratio below 0.726 is cost-effective (Figure 3). Furthermore, two-way
sensitivity analysis varying both the cost of POAF and the odds ratio of POAF reduction
with amiodarone demonstrates a prophylactic amiodarone protocol is cost effective at most
estimates (Figure 4).

Comment

This study demonstrates implementation of a prophylactic amiodarone protocol provides a
cost-effective reduction in POAF. Our institution demonstrated successful application of this
protocol driven care with almost 95% enrollment. Furthermore, these data demonstrate a
significant reduction in rates of POAF without an increase in risk adjusted adverse events.
Not only did the protocol improve outcomes, but also reduced cost with an estimated
average savings of $458 per patient. Finally, these results are robust and not influenced by
the cost of atrial fibrillation or the rates of adverse events due to amiodarone. The model was
only sensitive to the risk-reduction seen with amiodarone, and the odds ratio cutoff (0.726)
is higher than any estimates in the published literature.

Several pharmacologic therapies have been used to reduce the risk of POAF after cardiac
surgery.(16-18) Prophylactic amiodarone has been demonstrated to successfully reduce the
risk of POAF.(19-21) However, there some concerns exists about medication related adverse
events including bradycardia, heart block, and hypotension that may prove more costly then
justified by the reduction in POAF.(22, 23) After controlling for these effects we
demonstrate implementation of a prophylactic amiodarone protocol at our institution still
provides a cost effective reduction in POAF. These results were not sensitive to variation in
rates of medication related adverse events or associated costs. The cost savings are
secondary to reduced resource utilization associated with the development of POAF.

Studies in the literature provide different estimates for POAF risk reduction with use of
prophylactic amiodarone.(19, 21, 24) A recent meta-analysis looking at six prospective
randomized trials demonstrated an OR of 0.50 with a 95% confidence interval of 0.42—0.60.
(25) Our cost-effectiveness model demonstrated prophylactic amiodarone was cost effective
at all OR below 0.726, which was at the top of the confidence interval for our population.
Therefore, based on meta-analysis data, the cost-effectiveness of prophylactic amiodarone
would not be sensitive to variation in any of the parameters out to the 95% confidence
intervals.

The amiodarone protocol utilized; including dosing, route and timing can have significant
effects on rates of medication related adverse events, efficacy of therapy, and success of
implementation. Our protocol utilized intravenous dosing postoperatively which is
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associated with a higher rate of medication related adverse events in the literature.(18)
However, we demonstrated the cost-effectiveness of our amiodarone protocol is not sensitive
to these effects up to the 95% confidence interval. Furthermore, since patients only require
dosing postoperatively, the implementation of our protocol was highly successful with over
95% of patients eligible being enrolled. Other centers should consider this as a guide for
implementation of their own protocols to provide the highest compliance with a prophylactic
amiodarone protocol.

In the current environment of quality improvement and focus on protocol driven care it is
critical to evaluate these interventions using the value framework.(9) There are many pitfalls
in designing and implementing and evaluating the success of quality improvement projects
as described in a recent paper by Ebinger et al.(26) However, these authors do not mention
the significant investment of personnel hours to develop and successfully deploy a major
service line wide initiative. While these estimates are difficult to identify and quantify, this
prophylactic amiodarone protocol required over 100 hours of work from surgeons, nurses,
and quality officers with an estimated cost of $3,530. While these expenses were quickly
recovered through protocol cost savings ($458 per patient), it must be considered when
planning a major quality improvement initiative.

This analysis is limited by its retrospective nature with potential for selection bias using a
time-based analysis. Propensity score matching was utilized to control for these
confounders. Additionally, multivariate logistic and linear regression was utilized to estimate
the effects of the protocol on POAF occurrence, adverse events, and cost; however, these
models are susceptible to bias and cannot control for unidentified variables. Finally, this
analysis is based on the actual practice patterns at our academic cardiac surgery program and
therefore may not be generalizable to other centers.

In conclusion, implementation of a prophylactic amiodarone protocol significantly reduced
risk-adjusted rates of POAF with a cost savings of $458 per patient. This effect was
independent of cost variation and was durable at all prior estimates of POAF risk reduction
using prophylactic amiodarone. This analysis demonstrates how rigorous quantitative
analysis can evaluate the benefits of quality improvement projects. In an era of value driven
care, these critical evaluations are necessary to ensure we are delivering the best care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Propensity Score Matching. Demonstrates odds ratios with 95% confidence intervals

contributed by each variable in the propensity score matching algorithm.
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1-Way Sensitivity Analysis
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Figure 3.
One-Way Sensitivity Analysis. One-way sensitivity analysis demonstrates the model is only

sensitive to variation in the odds ratio of POAF reduction provided by a prophylactic
amiodarone protocol above 0.726
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Two-Way Sensitivity Analysis. Two-way sensitivity analysis varying both cost of POAF and

odds ratio of POAF reduction with amiodarone demonstrates a prophylactic amiodarone
protocol is cost effective at most estimates. Blue indicates amiodarone Prophylaxis is more
cost effective while Orange indicates when it is not more cost effective. The 95% CI were
used to vary the axes.
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Matched Cohort Eligible For Amiodarone Protocol with STS Risk Score

Table 1

Amiodarone  No Amiodarone
Baseline Characteristics (n =150) (n = 450) p value
Age (Years) 65.5 (15) 65 (17) 0.74
Male 111 (74.0%) 336 (74.7%) 0.87
PROM (%) 1.2 (1.6) 1.1(1.5) 0.65
PROMM (%) 12.5(10.4) 11.1 (8.3) 0.37
Operative Characteristics
Reoperative Surgery 9 (6.0%) 21 (4.7%) 0.51
Elective 81 (54.0%) 251 (55.8%) 0.70
Coronary Artery Bypass Graft 106 (69.3%) 2553 (70.1%) 0.83
CPB Time (Minutes) 100.5 (45) 95 (38) 0.17
Outcomes
Postoperative Atrial Fibrillation 28 (18.7%) 121 (26.9%) 0.04
Operative Mortality 1(0.7%) 3 (0.7%) 1.00
Major Morbidity 13 (8.7%) 41 (9.1%) 0.87
ICU stay (Hours) 44.8 (49) 44.8 (51) 0.21
LOS (Days) 5(3) 5(2) 0.48
Operative Mortality O:E 0.58 0.64
Morbidity/Mortality O:E 0.70 0.82
IPPS Adjusted Cost ($) 59,154+38,069  45576+41,031  <0.0001

Continuous variables presented as Median (IQR)

PROM = Saciety of Thoracic Surgeons predicted risk of mortality
PROMM = Society of Thoracic Surgeons predicted risk of morbidity or mortality

CPB = cardiopulmonary bypass
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Table 2

Risk and Cost Estimates From Multivariate Regression

Amiodarone Effects Adjusted Odds Ratio 95% CI p-value
POAF Reduction 0.456 0.27 0769  0.0033
Amiodarone Complications 1.199 0.953 1445 0.4353
Cost Estimates Adjusted Estimate 95% ClI p-value
POAF $6743 3104 10382  0.0644
Amiodarone Complications $6766 1720 11812  0.1805
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