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TITLE: U.S. Surgical and Outcome Trends of Thoracic Aortic Surgery

1. BACKGROUND:
Acute thoracic aortic dissection (ATAD) is a devastating condition associated with early 

mortality rate exceeding 50% and high morbidity for those who survive the event (1). Aortic 
aneurysm is considered the predominating risk factor for ATAD (2). Prophylactic thoracic aortic 
surgeries are employed for aneurysms above certain diameters with the aim of preventing the 
occurrence of acute aortic dissection, rupture or sudden death. Operation based on size criteria 
has been recommended by national and international guidelines since 2001 by European 
Society of Cardiology and 2010 by the U.S. multidisciplinary task force (3,4). This and the 
expanded focus on aortic surgery as cardiac surgery sub-specialty is expected to result in 
increased volume of prophylactic thoracic aortic aneurysm operation. Somewhat contradictory, 
there are evidences to suggest that the incidence of ATAD has not changed over the last couple 
of decades. In a recent report from International Registry for Aortic Dissection (IRAD) the overall 
number of patients presenting with Type A dissection remained stable over the course of 18 
years, with decline in operative and non-operative mortalities during this time period (5). 
Similarly, a nation-wide study conducted in Iceland using a centralized database also 
demonstrated stable trend in acute thoracic aortic dissection with declining mortalities over the 
course of the last decade (6). Additional reports are available from Swedish nation-wide study 
and a population-based study conducted at Oxford (7,8). 

The current case volume of thoracic aortic surgeries in the U.S. has not been well 
studied and trends in surgical outcomes in relation to case complexities remain unknown. 
Additionally, outcomes related to center-specific case volumes have not been investigated at a 
national scale, as has been done for other cardiac operations, including mitral valve repair (9) 
and Norwood operations (10). Although the Society of Thoracic Surgeons national database has 
provided a report on crude case volume over the last decade (11), this does not take into 
account for the incomplete penetration of the data, and hence, without a statistical estimation 
model, the crude case volume would not reflect the actual national trend. Given the paucity of 
evidence surrounding the national case volume of thoracic aortic surgeries and its temporal 
trend in the U.S., we aim to evaluate the national trend in case volume, outcomes, and case 
complexities of thoracic aortic surgeries in the U.S. using the Society of Thoracic Surgeons 
national database.  

2. OVERVIEW- Hypothesis/Aim:

Hypothesis: The main hypothesis of the study is that the volume of thoracic aortic surgeries, per 
capita, in the U.S. has increased significantly over the last 10 years, the case complexity has 
increased over the period, and the operative mortality of thoracic aortic surgeries has decreased 
significantly. An additional hypothesis proposes that the operative outcome is associated with 
center case volumes, with centers that perform higher volumes of thoracic aortic surgeries 
having improved outcomes compared to those with lower volumes 

Aim 1 Identify and quantify the trend, characteristics, and outcome of thoracic aortic 
surgeries in the U.S.: Using the national database of the Society of Thoracic Surgeons (STS), 
we aim to identify trends in the national case volume of ascending and descending thoracic 
aortic surgeries between 2000-2015. In addition, we plan to quantify and characterize the trend 
in perioperative outcomes of thoracic aortic surgeries, case complexity, and risk-adjusted 
outcomes. In evaluating the trend in the national case volume, we plan to employ adjustments 
according to changes in the population at-risk, by estimating a scaling factor to account for 
incomplete data penetration rate, as outlined in the statistical method section. 



Aim 2 Characterize operative outcomes associated with center-specific case volume: 
Using the hospital code collected in the STS database, we aim to investigate the association 
between center case volume and operative outcomes. Multivariate models will be constructed to 
quantify the risk-adjusted outcome and evaluate whether center case volume remain as an 
independent predictor of adverse operative outcomes, including mortality and post-operative 
complications (stroke, reoperation, renal failure, and mechanical ventilation for >24 hours). 
Using receiver-operator characteristic (ROC) analysis, an optimal cut-off annual case numbers 
will be identified to stratify the center volume above which is predicted to have an improved 
operative outcome. 

3. RESEARCH PLAN

3.1 Study patients 
3.1.1 Inclusion criteria: Patients who have undergone elective, urgent, and emergent thoracic 
aortic (ascending or descending) surgeries in the period of 2000 to 2015 in the STS participating 
centers in the U.S. will be included. Among the database, the U.S. centers will be identified 
using center address and zip code. The period of 2000 was chosen as the beginning date based 
on the availability of published patient-level penetration data of the STS national database. In 
2000, 51% of the patients who underwent coronary artery bypass grafting data were captured in 
the STS national database when compared to the Centers for Medicare and Medicaid Services 
(12). Based on a preliminary estimation, we will evaluate whether the early study period (2000-
2005) would provide a robust estimation of the national case volume. If the large proportion of 
un-reported data proved to interfere with the robustness of the estimation in the early study 
period, we will then reset the starting year to a later year when both the patient and center-level 
data penetration is more complete. 

3.1.2 Exclusion Criteria: As the STS data houses contributions from small number of 
international sites, all cases performed in non-U.S. sites will be excluded using the hospital 
address and zip code. All patients identified to have undergone thoracic aortic surgeries in the 
U.S. during the study period will be included in the initial analysis. In constructing the multivariate 
model, patients who are missing critical variables that are required to construct a robust model 
will be excluded from the final analysis. Univariate comparisons will be employed to evaluate 
whether the excluded patient cohort differ significantly in baseline characteristics, comorbidities, 
and operative outcomes compared to those who were included in the final model. 

3.2 Statistical methods 

Outcomes: The primary outcome will be defined as the following: operative mortality, defined as 
in-hospital or 30-day mortality, whichever was greater. Additional outcomes include in-hospital 
complications (stroke, reoperation for any reason, renal failure, and mechanical ventilation for 
>24 hours), and a composite end point that consisted of operative mortality and the 4 
complications listed above. 

Aim1: The temporal trends in the national case volume of thoracic aortic surgeries will be 
evaluated separately in ascending and descending thoracic aortic surgeries. Within the 
categories of ascending and descending thoracic surgeries, the groups will be further stratified 
by emergent vs. elective statuses to construct the table outlining baseline patient data, operative 
characteristics, and postoperative outcomes. Trends in patient clinical characteristics will be 
quantified by regression over the 15-year study period. A p value ≤0.05 will be considered 
statistically significant. Bonferroni correction will be used to control for the family-wise error rate. 
Baseline patient characteristics and outcomes will be summarized by percentage distribution for 



categorical variables and by medians and 25th to 75th percentiles for continuous variables. 
Proportions of missing data will be evaluated and reported. SAS (version 9.4, SAS Institute, 
Cary, NC) will be used for statistical analysis.  

A recently published report evaluating the national STS database demonstrated that the 
latest patient-level penetration level of the STS data is at 94%, using coronary artery bypass 
grafting surgery as the surrogate for the overall penetration (12). The penetration level for cases 
recorded after 2012 (latest available penetration data) will be estimated as 94%, as the 
penetration level at 2012 was 94% and the penetration level has continuously increased over 
the years leading to 2012. We will estimate annual national case volume by utilizing a two-step 
procedure. We start by estimating annual case volumes for all centers that started reporting in 
2000 (penetration level of 51%). These initial estimates, covering years 2000 through 2012, can 
then be aggregated to the state-level. We repeat the same method to estimate state-by-state 
case volumes for all centers reporting in 2012 (penetration level of 94%) to quantify the growth 
in case volume for those centers. Secondly, by comparing the overlap year of 2012, when the 
data is a more accurate representative of the actual national case volume owing to high 
penetration rate, we will estimate a scaling factor to be applied to the initial estimates to better 
estimate national case volume over the entire study period.  

In order to gain a further insight into the potential cause of temporal changes in case 
volume, a risk-adjusted estimation of the case volume will be analyzed. Because aortic 
aneurysm and aortic dissection/rupture affects male and older populations disproportionately, 
temporal trends in risk-adjusted case volume of thoracic aortic surgeries across gender and age 
groups will be estimated using national census data, which contains population data specific to 
gender and age group (13).  

In evaluating the temporal trend in case complexity, established cardiac surgical mortality 
prediction score, EuroSCORE II (14), will be calculated from the following patient variables: age, 
gender, renal dysfunction, peripheral vascular disease, mobility, previous cardiac surgery, 
chronic lung disease, active endocarditis, critical preoperative state, insulin-dependent diabetes, 
New York Heart Association heart failure class, left ventricular function, recent myocardial 
infarction, pulmonary hypertension, elective/urgent/emergent operative status, and concomitant 
cardiac operation. Ratio of the actual and estimated rate of mortality, Observed/expected (OE) 
ratio, will be calculated. In addition, predictors of operative mortality in ascending thoracic aortic 
surgery that were identified previously using the STS national database (emergent status, pre-
operative shock, concomitant cardiac surgery, reoperation, history of stroke, lung disease, 
chronic kidney disease, and arch involvement) (15) will be evaluated and reported by the 5 
stratified era. 

In order to evaluate the temporal trend of risk-adjusted operative outcomes, multivariate 
logistic regression model will be constructed, using variables that serve as a surrogate of case 
complexities as outlined above. Collinearity will be tested and appropriate exclusion will be 
applied on as-needed basis.  

Aim 2: To evaluate an association between center case volume and outcomes, a multivariate 
random effects logistic regression model will be constructed to evaluate whether the center case 
volume persists as an independent risk factor for perioperative mortality, adjusting for potential 
covariates. These models will consider a random effect for center and fixed effects for hospital 
volume and other covariates. Random effects take into account for between-center variation in 
risk-adjusted mortality and adverse event rates due to factors other than volume. The random 
effects represent any unmeasured factors that might systematically influence the mortality within 
a hospital. The amount of residual variation in mortality not explained by case volume will be 
quantified by examining the variance of these random effects. 

Average annual hospital case volumes will be categorized into 4 quartiles, with cut points 
to achieve an approximately equal number of cases in each category. ROC analysis will be 



conducted to evaluate the center case volume’s predictive ability for adverse events, including 
mortality and stroke. The Yoden index will be utilized to identify the optimal cut-off point of the 
quartile to identify the case volume above and below which the outcome is estimated to differ. 

In addition to categorizing hospital volume, we will perform analyses in which volume will 
be treated as a continuous variable. A smooth estimate of the relationship between volume and 
each dependent variable will be obtained by fitting semiparametric logistic regression models. In 
these models, the effect of center volume will be estimated nonparametrically via smoothing 
splines. Each of the other explanatory variables will be modeled parametrically. The results of 
the semiparametric regression analyses will be displayed by plotting risk-adjusted mortality and 
adverse event rates across categories of center volume. 

3.3 Time table for executing the study 
Month 0:  data receipt/initiation of analysis 
Month 1:  data cleaning (exclusion of non-U.S. centers), evaluation of missing values 
Month 1-3:  evaluation of temporal trend in case volume, case volume in comparison to 
population at-risk 
Month 4:  evaluation of trend in case complexity, risk adjusted operative outcomes, 
outcomes in relation to center case volumes 
Month 5-6: manuscript/abstract preparation and submission 

3.4 Dissemination plans 
The result will be presented at the national Society of Thoracic Surgeons meeting, if accepted. 
The resulting manuscript will be submitted to the Annals of Thoracic Surgery for a peer-reviewed 
publication.  
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