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Abstract

Purpose: To examine the resource utilization of the endovascular approach for thoracic aortic aneurysm (TAA) repair, and quantify the incremental effect of
complications on hospital costs and length of stay (LOS).

Methods: De-identified patient-level claims data on a random sample of TAA repairs performed in the US from January 1st, 2008 to December 31st, 2008 were
obtained from the Nationwide Inpatient Sample (n=3,794). Risk-adjusted total hospital costs and LOS were analyzed by major complication.

Results: Analysis included 989 (26.1%) people undergoing Thoracic Endovascular Aneurysm Repair (TEVAR). The median LOS was 6 days and the median cost was
$46,059. There was a stepwise increase in resource utilization as function of the number of complications per patient (p<0.001); among TEVAR the most resource
intensive complications on a per patient basis were myocardial infarction and venous thromboembolism.

Conclusion: TEVAR patients continue to show improvements in LOS and resource utilization. However, post-operative complications resulted in compounded
hospital costs and increased length of stay. Quality improvement efforts reducing the risk of these post-operative complications have the potential to provide

significant cost savings.

Introduction

Outcome related to the management of thoracic aortic aneurysms
(TAA) has undergone a paradigm shift over the past decade [1,2].
While open TAA repair for TAA remains the standard, it is still
associated with mortality rates in some series as high as 50% as well as
significant rates of paraplegia and renal failure [3-5] in 2005 Food and
Drug Administration approved thoracic endovascular aortic repair
(TEVAR), for treatment of TAA [6,7].

Several recent studies have demonstrated that this less invasive
approach is associated with decreased rates of mortality and major
complications [8-10]. For example, in a large national series of patients
undergoing TEVAR and open TAA repair, the TEVAR approach was
associated with 60% fewer complications overall, and a shorter hospital
length of stay [8]. In addition, superior midterm survival with TEVAR
has been observed at 1, 3, and 5 years when compared to the open
approach [10].

While endografts themselves are associated with shorter duration
of hospitalization, decreased incidence of post-operative complications,
and faster rehabilitation, postoperative complication remain common.
However, detailed data regarding the clinical and economic impact of
postoperative complications, particularly after TEVAR, remain scarce.
Availability of this information could be used to target further quality
improvement efforts, which may significantly improve outcomes for
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patients and cost containment efforts in an era when cost effectiveness
is at the forefront of healthcare policy initiatives.

The purpose of this study was to characterize the impact of post-
operative complications on clinical outcomes, such as mortality and
discharge disposition, and the net increase in resource utilization
including in-hospital cost and length of stay, in a national cohort of
patients undergoing TEVAR for TAA.

Materials and methods

Data source

The Nationwide Inpatient Sample (NIS), which is sponsored by
the Agency for Healthcare Research and Quality, Healthcare Cost and
Utilization Project (HCUP), was used to identify patient discharges
related to TAA repairs that occurred from January 1, 2008 — December
31, 2008. The study period was chosen to allow for adequate time for
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data auditing. The NIS provides only de-identified patient claims data
and thus this analysis qualified for institutional IRB exception. The NIS
is a 20% sampling of abstracted discharge data from a national survey
of all non-federal acute-care hospitals in the United States and contains
discharge records from over 1,000 hospitals [11].

The NIS contains up to 15 procedure codes per patient using
the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) procedure code index. Data on TAA
surgery was abstracted using ICD-9-CM codes diagnostic (441.2) and
procedural (38.45, 39.73) in either the first, second, or third procedure
code position. Only patients undergoing isolated aortic surgery who
were 218 years-old were included in the analysis for a sample size of
3,794 patients. The NIS does not provide data on repeat procedures or
mortality beyond the index hospital admission.

Clinical outcomes

Clinical outcomes of interest included in-hospital death, length of
hospital stay, post-operative morbidity measures including number of
complications per patient and their discharge disposition. NIS dataset
on an average reports 15 diagnoses for a discharge. In order to focus
on specific complications, we concentrated on specific complications
in post-operative period e.g. pneumonia rather than system based
categories of complications e.g. respiratory complications. Following
major complications in post-operative period using appropriate ICD-
9 codes were included in analysis: Sepsis, renal failure, myocardial
infarction (MI), pneumonia, venous thromboembolism (VTE) and
stroke.

Cost outcomes

Total billed charges for each hospitalization are present in the
NIS dataset. These data reflect the amount hospitals billed for services
rendered rather than the costs for the specific hospitalization or the
amount hospitals received in payments. Estimated institutional cost
data was obtained by multiplying HCUP supplied cost-to-charge ratios
by total charges. Grouped average cost-to-charge ratios are a weighted
average for the hospitals in the group (defined by state, urban/rural,
investor owned/other, and number of beds) and use the proportion of
group beds as the weight for each hospital. In this analysis, the major
cost endpoint was the median cost of the index hospitalization. All
costs were rounded to the nearest $1,000.

Statistical analysis

For clinical data, continuous variables were reported as mean +
standard error. Categorical variables were reported as percentages.
Both mean and median lengths of stay are reported, however, median
length of stay was used as the primary outcome measure when
assessing the incremental effect of complications given the potential
for outliers. To quantify the incremental effect of complication type
on median length of stay, multivariable quantile regression with 1,000
bootstrapped iterations was employed using the all-patient-refined
diagnosis related group (APR-DRG) classification as a covariate for
risk-adjustment [12-14]. Similarly for cost data, mean and median
are reported, however, median cost was used as the primary outcome
measure when assessing the incremental effect of complication type
on median cost since medical costs are traditionally right skewed.
Multivariable quantile regression with 1,000 bootstrapped iterations
using APR-DRG for risk adjustment was also employed in the analysis
of the effect of complication type on incremental median cost. For all
analyses, the conventional p-value of 0.05 or less was used to determine
the level of statistical significance. All reported p-values are two-sided.
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All statistical analyses were performed using Stata 11 (Stata Corp,
College Station, TX).

Results
Study population

From January 1, 2008 to December 31, 2008, a total of 3,794
patients in the NIS registry underwent a thoracic aortic aneurysm
repair. Of these cases, 26.1% (n=989) were performed via endovascular
approach. The distribution of baseline characteristics for the study
cohort is summarized in Table 1. Overall, the three most common co-
morbidities included: hypertension (69.6%, n=688), peripheral vascular
disease (36.5%, n=361), and chronic lung disease (29.3%, n=290).

Clinical outcomes

Overall mortality for the study cohort was 6.0% (n=59). The
unadjusted mean LOS for TEVAR was 10.4 + 0.5 days. When risk-
adjusted by APR-DRG, the TEVAR approach was associated with a
median LOS, of 6 days. The distribution of post-operative complications
for the series is summarized in Table 2. Overall there were a total of 369
complication events which occurred in 299 patients. The three most
common complications were: renal failure (11%, n=109), septicemia
(9.7%, n=96), and pneumonia (8.3%, n=82).

Table 1. Baseline characteristics of study cohort.

TEVAR
(n=989)
Age
Gender (% male) 66+ 16

Congestive heart failure 61.9% (n=612)

Chronic lung disease 1.4% (n=14)

Coagulopathy 29.3% (n=290)
Diabetes 9.2% (n=91)
Hypertension 14.2% (n=140)

Chronic liver disease 69.6% (n=688)
1.0% (n=10)
3.4% (n=34)
7.2% (n=71)

36.5% (n=361)

12.5% (n=124)
0.3% (n=3)

Neurological disorders
Obesity

Peripheral vascular disease
Renal failure

Valvular heart disease

Table 2. Distribution of post-operative complications and number of complications per
patient.

TEVAR
(n=989)
Complication Category

Pneumonia 8.3% (n=82)
9.7% (n=96)

11% (n=109)

Septicemia
Renal failure

Myocardial infarction 2% (n=20)
Stroke 5.3% (n=52)
Venous thromboembolism 1% (n=10)

# Complications/patient

0 69.8% (n=690)
1 24.6% (n=243)
2 4.5% (n=44)
3 0.8 (n=8)

4 0.4% (n=4)
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Resource utilization

The subjects had an unadjusted mean hospitalization cost of
$63,121 + $1,916 and a median cost of $46,059. The majority of subjects
developed no complications (69.8%, n=690), with nearly a quarter of
subjects experiencing one complication event (24.6%, n=243). The
risk-adjusted net increase in median hospital costs and LOS stratified
by complication type is shown in Table 3. Among TEVAR patients,
MI accounted for the greatest net increase in hospital costs ($72,328
+ $9,138; p<0.001) and VTE accounted for the greatest net increase in
LOS (17.0 + 3.1 days; p<0.001).

There was a stepwise association between the number of
complications per patient and both hospital costs and LOS (p<0.001).
With one complication, hospital cost and LOS increased by $20,352
and 5 days, respectively, for TEVAR patients. Hospital costs and LOS
rose progressively from one to two complications, did not change
significantly from two to three complications, and then increased
significantly beyond three complications.

In terms of discharge disposition, 54.4% of TEVAR patients had
a routine home discharge, 17.8% were discharged to a skilled nursing
facility, and 18.1% were discharged home with the assistance of a health aide.

Discussion

This analysis describes the influence of complications on resource
utilization among a large national cohort of patients undergoing TAA
repair using TEVAR. Based on the results of this analysis, complications
had a significant impact on both cost and length of stay for TEVAR
patients.

Table 3. Incremental median net increase in hospital cost and length of stay by complication
category for TEVAR patients.

Complication Median net increase p-value Median net | p-value
Category in hospital costs ($) increase in
LOS (days)
Pneumonia 38.415 +4.357 <0.001 9.0£0.9 <0.001
Septicemia 4,122 +£4.278 0.335 0.14+0.9 0.875
Renal failure 34.020 +3.705 <0.001 5.0+0.8 <0.001
Myocardial infarction 72.328 £9.138 <0.001 8.0+2.2 <0.001
Stroke 36.062 +4.747 <0.001 6.0+0.7 <0.001
Venous 52.337+13.117 <0.001 17.0+3.1 <0.001
thromboembolism
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Figure 1. Graph showing number of complications per patient.
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Figure 2. Graph showing % of patients vs. discharge disposition.

Since TEVAR first received FDA approval in 2005, several
retrospective analyses have attempted to further clarify the comparative
effectiveness of open versus endovascular approaches for TAAs [15-
17]. The majority of these analyses have demonstrated either equivalent
or improved results with the endovascular approach. For example, an
early study by Orandi and colleagues conducted on national data from
the last three months in 2005, demonstrated no significant difference
in mortality between groups and fewer cardiac, respiratory, and
hemorrhagic complications among TEVAR patients [18]. Further
analyses by Sachs and colleagues demonstrated that despite being
performed on older patients with greater co-morbidities, the TEVAR
approach was associated with reduced in-hospital mortality and
morbidity [9].

In our analysis, which focuses on a large national cohort of
patients, we demonstrate that outcomes in LOS and complications
have continued to improve for TEVAR patients. Despite the elevated
mean age of our cohort (66 years), and the presence of significant co-
morbidities (e.g. renal failure, sepsis, and pneumonia), patients had a
relatively low length of stay (10.4 + .5 days) and low in-hospital costs
($63,121 + $1,916). A recent analysis by Bhamidipati and colleagues
showed that since 2005 there has been a steady risk-adjusted annual
decrease in mortality with TEVAR on a national level [6]. Thus, as with
many innovative technologies, experience over time, as it relates to both
patient selection and technical skills, may account for the improved
outcomes observed with TEVAR in this contemporary analysis.

The ability to recognize that the cost effectiveness of new
technology will often improve with experience and reductions in
device cost is essential in the planning of comparative effectiveness
trials for innovative devices [19]. Notably, the rate of home discharge
was 54.4%, demonstrating that if the time horizon of the analysis was
extended beyond the index hospitalization, further cost savings of the
endovascular approach may be observed.

The Centers for Medicare and Medicaid Services (CMS) of the
United States issued Hospital Inpatient Value-Based Purchasing
Program final rule in 2011. According to the rule, hospitals performing
well on certain quality measures related to patient experience as well
as clinical process will be provided with higher payments compared
to their counterparts. This initiative was intended to reward hospitals
for their provision of better quality of care and reduce health care costs
[20]. The rule was applied on October 1, 2012 and defined major change
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in payer strategies by government of the United States highlighting
importance of understanding process of care and making necessary
improvements.

Despite the potential improvements in cost effectiveness observed
with TEVAR, it is important to note that complication rates after
TEVAR remained relatively high compared to other cardiac surgical
procedures, and are a persistent source of significant resource
utilization regardless of the type of approach. Compared to patients
with no complications, those experiencing only one complication had
a median increase in hospital costs of approximately $20,000, and an
additional $30,000 for two complications. Thus, quality improvement
initiatives and measures focused on perioperative management goals
to reduce complications have a significant cost saving potential. In
contemporary practice where there is rising pressure to improve
clinical outcomes along with a drive for containment of costs, quality
measures will heavily influence financial reimbursement in healthcare
services [20,21]. Our study demonstrates possible areas where quality
improvement initiatives may be focused.

Several quality improvement initiatives aimed at reducing
pneumonia through bundling strategies for intubated patients have
shown improvements in outcomes and hospital costs which may be
incorporated in cardiothoracic intensive care units [22,23]. Renal
fajlure was the most common complication among TEVAR patients
and MI and VTE were responsible for the greatest net increase in costs
($72,328) and length of stay (17 days), respectively. Thus, our analysis
demonstrates that quality improvement initiatives need to be designed
to address these specific complications. These may include preventive
measures, more aggressive preoperative screening for the condition, or
changing patient selection.

Limitations

There are several limitations to our analysis. First, the NIS is
an administrative database and does not contain detailed clinical
information on a variety of measures, such as anatomy of the
aneurysm or baseline laboratory values. Second, only 20% of
nationwide institutions are sampled within the NIS; therefore, there
exists the potential for variability in an individual center’s annual
aortic surgery volumes. Third, follow-up did not extend beyond the
index hospitalization; consequently, important events, such as follow-
up imaging, or complications that may have occurred after discharge
were not captured. Fourth, the use of ICD-9 codes to identify clinical
events is imperfect, and as with all administrative registries subject to
reporting bias and potential coding errors. Nevertheless, many of the
limitations in this analysis must be understood in the context of the
strengths of the NIS, which include its large size, representative quality,
and standardized methodology of survey.

Conclusion

Overall mortality of this cohort was 6%. Median LOS was 6 days,
and median in-hospital cost was $46,059. The most resource intense
complications on a per patient basis were myocardial infarction and
venous thromboembolism. Increasing number of complications per
patients resulted in a disproportionally increased cost and a stepwise
increase in resource utilization. In times where attention to improving
quality and containing cost is increasing, understanding the impact
of complications on costs and outcomes is of paramount importance.
This analysis may help drive quality improvement initiatives as well as
improve cost-effectiveness and ultimately improve patient outcomes.
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