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Supplemental Methods 

 

 

Funding Sources 

 This work was conducted with support from a TL1 Clinical Research Training Program and KL2 

Mentored Career Development Award of the Stanford Clinical and Translational Science Award to 

Spectrum (ABG - NIH TL1 TR 001084; PC - NIH KL2 TR 001083), as well as a grant from the Agency 

for Healthcare Research and Quality (MB – KHS022192A).  

 

Statistical Analysis 

 In this supplemental statistical analysis section, we will: 1) provide estimates of the effect of 

receiving care at high-volume versus low-volume centers (third hypothesis); 2) further substantiate our 

use of instrumental variable methods; 3) evaluate the effect of preferential routing of patients with chest 

pain to hospitals capable of performing percutaneous coronary intervention; 4) validate our definition of 

type A aortic dissection; 5) describe our a priori power calculation; 6) provide specific details regarding 

our matching algorithms; 7) explain the intuition behind using restricted mean survival time for effect 

estimates on overall survival; 8) elaborate on the gamma sensitivity estimate of susceptibility to 

unmeasured bias; 9) explore the consequences of abandoning the instrumental variable – that is, moving 

away from using the pseudo-randomization and relying instead upon the assumptions common to 

propensity score matching (i.e., ignorable treatment assignment); and 10) list the statistical packages used 

during the analysis. 

 

Using an instrumental variable approach to address confounding from unmeasured covariates 

Observational studies represent an alternative to randomized trials to study the comparative 

effectiveness of different treatments. Unfortunately, a lack of randomization often introduces selection 

bias and confounding which may obscure the estimation of the true treatment effect. Analytical methods, 

such as regression, propensity scores, and matching, mitigate measured confounding. However, such 

methods ignore unmeasured confounders. The instrumental variable method was designed to account for 

unmeasured confounders; briefly, it seeks to find a randomized experiment embedded within an 

observational study. 

Although age and chronic comorbidities contribute to the risk of death after aortic surgery, the 

strongest predictor of mortality in patients with acute type A aortic dissection is the gravity of the acute 

illness, such as circulatory collapse or end-organ malperfusion.1, 2 Such variables are not captured within 

administrative databases, and thus would render an analysis that employs regression, propensity scores, or 

matching susceptible to unmeasured confounding absent randomization. For this reason, we employed an 

instrumental variable method as our primary mode of analysis.  

 An instrumental variable method exploits a variable that influences which treatment subjects 

receive, and only affects outcome through its influence on treatment.3 For this project, we explored the 

possibility of using institution practice patterns as a preference-based instrumental variable. We believed 

a preference-based instrumental variable would be particularly well-suited for this observational study 

because: 1) the specific treatment (e.g. transferred vs. stayed, high-volume vs. low-volume, rerouted to 

high-volume vs. not rerouted to high-volume) a patient receives is often determined by the preferences 

and capabilities of the institution; and 2) for severe illnesses of acute-onset, patients are typically brought 

by ambulance or present to the nearest hospital that can provide appropriate care for the initial evaluation. 

For example, a patient with chest pain – the most common chief complaint in patients with acute type A 

aortic dissection – is much more likely to have an acute coronary syndrome than an aortic dissection, and 

these patients are often initially brought to hospitals capable of performing a cardiac catheterization. 

Therefore, the presenting hospital is primarily dictated by a combination of proximity and hospital 

resources. Because aortic dissection is rare and advanced imaging (i.e. transesophageal echocardiography 

or computed tomography) is needed to confirm the diagnosis, the initial hospital where patients present is 

independent of the need for expert thoracic aortic surgery. Therefore, with respect to thoracic aortic 
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surgery experience, the population is initially pseudo-randomized to present at high-volume, low-volume, 

or no-volume (obligate transfer) hospitals. Similarly, with respect to patient destination for treatment, a 

patient that was transferred to a high-volume center might have remained at a low-volume hospital 

without transfer had they been in a different location when symptoms began. Examination of disease-

specific, hospital-level transfer patterns observed over the 15-year study confirmed institution preferences 

to be a credibly strong instrumental variable; the majority of hospitals always transferred or never 

transferred patients with aortic dissection, and among hospitals that always transferred, the destination 

typically did not change (i.e. most hospitals always transferred to a high-volume institution or always 

transferred to a low-volume institution, few transferred to a mix of hospitals) (Supplemental Figure 1). 

The unselected assignment to different levels of aortic surgery experience coupled with the routinized 

treatment patterns is analogous to an unbalanced, randomized 2x2 factorial design with random 

assignment to interfacility transfer or no transfer, and random assignment to treatment at a high-volume or 

low-volume hospital, irrespective of illness severity (Figure 1). 

 To further understand how Emergency Medical Services (EMS) selects the hospital where each 

patient is initially brought from the field (and thus assess the validity of the instrumental variable), we 

drew from two sources of information: (i) the National Emergency Medical Services Information System, 

or NEMSIS data set and (ii) the county-level EMS transport protocols from the state of California. We 

reviewed these two sources of information to deepen our understanding of the factors considered in 

determining the presenting hospital for the patients in our study. The NEMSIS data set is the national 

database that is used to store EMS data from U.S. States and Territories. The 2015 data set contains more 

than 30 million EMS activations submitted by 10,137 EMS agencies and representing 49 states and 

territories during the 2015 calendar year. The NEMSIS data set is a sample, not a census, of all EMS 

activations nationwide. Simple summary statistics are informative for our consideration. Element E_20 in 

the NEMSIS asks EMS providers to report “Reason for Choosing Destination.” In 2015, 33% of patient 

care reports indicated that the receiving facility was chosen because it was the closest facility. 52% of 

patient care reports indicated that either the patient, a family member, or a physician chose the receiving 

facility. It is likely that a significant proportion of the patient/family decisions were heavily influenced by 

location. More importantly, as a diagnosis of acute type A aortic dissection is unlikely in the field, the 

patient and family preference is less likely to be sensitive to, and modified by, the severity of the 

condition or knowledge of the need for thoracic aortic surgery. Another important insight from the 

NEMSIS is that choice determination varies by region. In rural and suburban regions, “closest facility” 

was the primary reason for choosing the destination, but in urban regions, patients, physicians, and family 

members had more influence in routing. Thus the instrument appears to vary in strength based on 

population density.  

Additionally, we examined EMS protocols from 47 of the 62 California counties. In summary, all 

of the protocols stated that the top priority in transport decisions should be patient preference. After 

patient preference, location was the second most commonly referenced reason for choosing a hospital. 

Nearly all of the protocols (89%) explicitly state that paramedics should consider location while making a 

transport decision, and the remaining (11%) suggest routing to “the most appropriate” facility. Protocols 

also often indicate that patients must be transported only to facilities within the geographic constraints of 

that EMS agency. In San Mateo County, for example, “all patients…will be transported to the hospital of 

their preference; as long as it is a San Mateo County receiving hospital.”  

We believe our instrument minimized sorting of patients based on disease complexity and illness 

severity. We restricted our analysis only to patients who presented to “always” or “never” hospitals with 

respect to the decision to transfer and the transfer destination (high-volume vs. low-volume). Although 

measured baseline characteristics were balanced prior to matching, we further improved balance (among 

measured, and theoretically unmeasured variables) by matching patients on their predicted probability of 

the instrument. This is important because the patient groups were well balanced across chronic 

comorbidities and demographics prior to matching on the instrument (which are likely not the most 

important confounders of outcome and treatment selection in this disease), and highlights a potential 
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weakness of limiting the analysis to a propensity score matching design. See below for further discussion 

of the consequences of using a propensity score design in this setting. 

 

Implications of preferential routing to hospitals capable of percutaneous coronary intervention 

 Over 90% of patients with aortic dissection present with chest pain as the chief complaint. 

However, an acute coronary syndrome is 100 times more likely than an aortic dissection. Whenever 

possible, EMS will often bring patients with suspected acute coronary syndromes to hospitals that have 

cardiac catheterization laboratories. We used the American Hospital Association data set to evaluate 

whether initially presenting to a percutaneous coronary intervention (PCI) capable hospital may confound 

our primary endpoint. Effectively every hospital that performed aortic surgery was also capable of 

performing PCI. However, many hospitals that did not perform aortic surgery (no-volume hospitals) 

lacked cardiac catheterization laboratories. We examined only patients who presented to no-volume 

hospitals who were subsequently transferred to high-volume hospitals for surgery (PCI-capable, n=902 

patients; not PCI-capable, n=1167 patients). We propensity score-matched patients on whether the initial 

hospital was capable of PCI (Supplemental Table 7) to yield similar groups. In fact, initially presenting to 

a PCI-capable hospital did not affect operative mortality after surgery for type A aortic dissection (PCI-

capable 22.2%, not PCI-capable, 20.4%, risk difference -1.8%, 95% CI -5.4% to 1.9%). We believe this 

data helps support the validity of our instrument in that sorting of patients to PCI-capable hospitals does 

not confound the outcome. 

 

Validation of codes used to define type A aortic dissection 

 We validated our definition of acute type A aortic dissection within the population treated at 

Stanford University. Between 2009 and 2015, 232 patients with acute type A aortic dissection were 

treated at Stanford. Among these patients, 224 (97%) patients had a International Classification of 

Diseases (ICD9-CM) diagnosis code of 441.0 and Current Procedural Terminology (CPT) code(s) for 

surgery of the aortic root and/or ascending aorta within the same hospitalization. This high sensitivity for 

type A aortic dissection is accompanied by a theoretically high specificity: there should be very few false 

positives among all patients treated at Stanford University – for any reason – over the same time period.  

 

Power calculation 

 We performed an a priori power calculation to ensure the study was adequately powered. We 

designed the study to achieve at least 90% power to detect a small risk difference in operative mortality 

(1300 matched sets, 92% power; 2500 matched sets, 99.8% power). In the power calculation, we used an 

alpha level of 0.05 and assumed a Cohen’s h of 0.15. We used a Bonferroni correction to control for the 

familywise error on three hypotheses.  

 

Details of matching algorithm 

Logistic regression was used to predict each patient’s probability of the dichotomous instrument 

given baseline covariates (Supplemental Figure 2). The model included the following variables as fixed 

effects: age at surgery, age <65 years, year of surgery, male sex, race, geographic region, prior myocardial 

infarction, prior Alzheimer’s dementia, prior atrial fibrillation, prior cataracts, prior chronic kidney 

disease, prior chronic obstructive pulmonary disease, prior congestive heart failure, prior diabetes 

mellitus, prior glaucoma, prior hip fracture, prior ischemic heart disease, prior depression, prior 

osteoporosis, prior rheumatoid or osteoarthritis, prior stroke, prior cancer (breast, colorectal, prostate, 

lung, or endometrial), prior anemia, prior asthma, prior hyperlipidemia, prior hyperparathyroidism, prior 

hypothyroidism, prior thoracoabdominal aortic surgery, prior open thoracic aortic surgery, prior 

endovascular aortic repair, prior thoracic endovascular aortic repair, prior abdominal aortic surgery, prior 

coronary bypass surgery, prior aortic valve surgery, prior mitral valve surgery, prior tricuspid valve 

surgery, prior mechanical assist device implantation, and other prior cardiac surgeries.  

For each comparison – transferred vs. stayed, high-volume vs. low-volume, rerouted to high-

volume vs. not rerouted to high-volume – restricted 1:k (transfer and rerouting) or k:1 (volume) matching 
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was performed with the optmatch package;4 patients <65 years old were not allowed to be matched to 

those ≥65 years old. The maximum controls (in 1:k) and treated (k:1) individuals allowed in each subclass 

were determined by doubling the ratio of the total number of control:treated patients (for 1:k) or 

treated:control patients (for k:1).5 The omitted fraction was set to equal the proportion of patients outside 

the region of common support. To estimate the effect of transfer, transferred patients were only matched 

to those who remained at a hospital of equivalent volume class. To estimate the effect of hospital volume, 

transferred patients were only matched to patients that originated at a hospital of the same volume 

category; and patients that remained at high-volume centers were only matched to those that remained at 

low-volume centers. To estimate the effect of rerouting, patients who were transferred to a high-volume 

hospital (rerouted) were matched to patients that were transferred to a low-volume hospital or remained at 

a low-volume hospital (not rerouted). Patients that were excluded due to the instrumental variable were 

similar to those who were included in the analysis with respect to baseline comorbidities and 

demographics (Supplemental Table 8).  

We estimated the average treatment effect on the treated for the effects of transfer and hospital 

volume. Because we were specifically interested in identifying the number of additional patients who 

would have benefitted from rerouting to high-volume hospitals if such a policy were implemented, we 

chose to estimate the average treatment effect on the controls for the effect of rerouting. 

 

Restricted mean survival time 

 Time-to-event analyses typically employ Cox proportional hazards models. When comparing two 

groups in this fashion, an assumption is made that the ratio of the two hazard functions for the groups 

remains constant over time (e.g. proportional hazards). The Cox model is then used to estimate the 

unknown constant hazard ratio parameter. When there is concern or evidence of non-proportional hazards 

(e.g. the hazard ratio changes over time), the estimated hazard ratio may not be a meaningful measure of 

the between-group survival difference.6 Yet, the CONSORT guidelines and Cochrane handbook instruct 

the reporting of hazard ratios to quantify between-group differences in survival.7 For this reason, we 

report hazard ratios in our manuscript, but also chose to report “model-free” statistics based on the 

restricted mean survival time (RMST).8, 9 A model-free statistic, the RMST does not rely on assumptions 

about the underlying hazard functions for each group. The RMST is the population average of the amount 

of event-free survival time experienced during a set follow-up period – in our study, we chose 15 years 

because there were still enough patients remaining in the risk set at that time, and it was not beyond the 

last observed event. The RMST equates to the area under the survival curve. Once the area under the 

survival curve is calculated, the difference in the RMST between groups and the RMST ratio provide 

useful estimates of the treatment effect on overall survival. The 15-year RMST difference is interpreted as 

the average number of additional days gained by the treatment arm over 15 years. The RMST ratio 

quantifies the percent of life gained by the treatment arm compared to the control arm. Similarly, the area 

above the survival curve corresponds to the number of days of life lost until the designated time point 

(e.g. 15 years), and is known as the restricted mean time lost. 

 

Sensitivity analyses 

 In addition to the sensitivity analyses presented in the main manuscript that quantify the number 

of unobserved patients required to change our conclusions, we also conducted a sensitivity analysis to 

explore the extent to which our results were robust to unmeasured bias. Through matching, we assume 

that patients who appear comparable are in fact comparable. However, consistent with our 

aforementioned discussion of unmeasured confounding, patients who appear comparable are not always 

comparable. The gamma sensitivity parameter describes the fold increase in likelihood of receiving 

treatment between matched individuals.10, 11 In the main manuscript, we present the minimum value of 

gamma necessary to change our conclusion that the null hypothesis should be rejected.  

 

Effects of relying on a propensity score-based design 
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 A major design decision in the primary analysis was to use an instrumental variable approach. 

This imposed two restrictions: (i) we restricted our analysis to hospitals that observed >1 aortic dissection 

during the study period in order to establish a treatment pattern and (ii) we further restricted to hospitals 

that had “always” patterns – either always transferring/staying, and if the hospital transferred it always 

transferred to the same type of hospital (i.e., either always high-volume or always low-volume). That 

decision was made a priori because it was believed it would increase internal validity by reducing biased 

estimation due to confounding arising from unobserved covariates. This decision came with a tradeoff, 

forcing the exclusion of approximately a third of hospitals and 40% of patients. It is important to consider 

whether we have restricted our analysis such that it is not informative of the wider population (i.e., 

generalizability of results). Inspection of the SMD columns in Supplemental Table 11 shows that the 

analyzed populations do not have considerably different baseline covariate distributions from the overall 

population – with the notable exception of region of country. This observation of baseline patient-level 

covariates does not completely remove the question of generalizability – perhaps the composition of 

hospitals significantly changes. To address this concern we performed a follow-on study using propensity 

score matching, without the exclusion criteria imposed by the instrumental variable analysis. The analysis 

was nearly identical to our main analysis but in this follow-on study we assumed that there were no 

unobserved covariates causing selection into the type of care the patient received. For example, if patient 

A and B both presented at low-level hospital 1 with nearly identical records in our data set, yet patient A 

was transferred to high-level hospital 2 and patient B was kept at low-level hospital 1, then we assume 

that these differentiated decisions were not informative of their outcomes except through the care received 

(i.e., ignorable treatment assignment). Under this assumption we can follow a similar design as in the 

main analysis, which approximately doubles the number of observations analyzed. In this propensity 

score analysis the effect of rerouting patients to high-volume hospitals will reduce operative mortality 

from 30.1% to 21.4% (risk difference -8.7%, 95% CI -10.6% to -6.7%, P<0.001; Supplemental Table 6). 

This is quite a bit larger than what was found in our main analysis (-7.2% vs. -8.7%). Before interpreting 

that result, we move to the sub-analysis of the isolated effect of interfacility transfer. It is unlikely that the 

effect of transferring a patient is beneficial. In fact, it is almost certain there should be a slight increase in 

probability of mortality due to transfer. Said another way: often the fundamental question in 

regionalization is if the risk of transfer outweighs the benefit of the care received at the subsequent 

facility. In this propensity score analysis, the effect of transfer is estimated to have a risk difference of -

1.7% (95% CI -3.2% to -0.001%, P=0.04). Taken literally, this would mean that merely transferring a 

patient is beneficial. If this were the case, then before initiating treatment, a hospital could improve 

outcomes by stabilizing a patient and moving the patient around and returning the patient to the same 

hospital for treatment. That is counterintuitive. Instead, the more plausible interpretation of this result is 

that there is bias in the estimation, likely due to selection into transferring or staying and/or into where a 

hospital sends a patient high-volume or low-volume. Comparing the propensity score analysis to the 

instrumental variable analysis, we see that the instrumental variable analysis had a point estimate of -

0.7% (95% CI, -2.7% to 1.35%, P=0.35) which is indistinguishable from a null effect. The inclusion of 

more hospitals and patients into our analysis seems, at least in part, to be biasing our estimate toward 

showing a benefit to regionalization.  

 

Statistical software and packages used to perform the analysis 

 Data was prepared for analysis in SAS (SAS Institute Inc., Cary, NC) and statistical analyses 

were performed in R version 3.3.1 (R Foundation, Vienna, Austria). The survey package12 was used to 

compare baseline characteristics and operative mortality between groups. The Cochrane Armitage test 

within the coin package13 was used to evaluate trends over time. Distances were calculated from centroid 

to centroid of each hospital’s zip code using the Haversine method implemented by the fields package.14 

Survival analyses were performed with the survival package.15 RMST differences, RMST ratios, and 

RMTL ratios were calculated and compared between groups with the survRM2 package.16 Gamma 

parameters were calculated with the sensitivitymv package.17 Mapping and trends over time were plotted 

with Tableau version 10.0 (Tableau Software, Seattle, WA). 



9 
 

Supplemental Table 1. Definitions of Index Cardiovascular Surgery Procedures 

Index Procedure CPT Codes (From Index Admission) 

Aortic Valve Surgery 33400, 33401, 33403, 33404, 33405, 

33406, 33410, 33411, 33412, 33413 

Aortic Root Replacement 33861, 33863, 33864 

Ascending Aortic Replacement 33860 

Aortic Arch Replacement 33870  

Descending Thoracic Aortic Replacement 33875 

Thoracoabdominal Aortic Replacement 33877 

Thoracic Endovascular Aortic Repair 

(TEVAR) 

33880, 33881, 33883, 33884, 33886, 

75956, 75957, 75958, 75959 

Endovascular Abdominal Aortic Repair 

(EVAR) 

0078T, 0079T, 0080T, 34800, 34802, 

34803, 34804, 34805, 34825, 34826, 

75952, 75953 

Abdominal Aortic Replacement 35331,34830, 34831, 34832, 35081, 

35082, 35091, 35092, 35102, 35103 

Coronary Artery Bypass Grafting 33510, 33511, 33512, 33513, 33514, 

33516, 33517, 33518, 33519, 33521, 

33522, 33523, 33533, 33534, 33535, 

33536, 33572 

Other Valve Surgery Mitral Valve Surgery 

33420, 33422, 33425, 33426, 33427, 

33430 

 

Tricuspid Valve Surgery 

33460, 33463, 33464, 33465 

 

Pulmonary Valve Surgery 

33470, 33471, 33472, 33474, 33475, 

33476, 33478, 33917 

 

Other Valve Procedures 

33496, 33600, 33602 



10 
 

Supplemental Table 1. Definitions of Index Cardiovascular Surgery Procedures 

(Continued) 

Index Procedure CPT Codes (From Index Admission) 

Other Cardiac Surgery (includes mechanical 

circulatory support, heart and lung transplant, 

arrhythmia ablation, and transmyocardial 

laser revascularization) 

33960, 33961, 33975, 33976, 33979, 

33977, 33978, 33980, 33981, 33982, 

33983, 33250, 33251, 33253, 33254, 

33255, 33256, 33257, 33258, 33259, 

33261, 32851, 32852, 32853, 32854, 

32855, 32856, 33935, 33933, 33945, 

33944, 33140, 33141 

CPT, current procedural terminology 
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Supplemental Table 2. Definitions of Prior Cardiovascular Surgery Procedures 

Prior Procedure CPT Codes (From Prior Encounters) 

Aortic Valve Surgery 

 

CPT Codes  

33400, 33401, 33403, 33404, 33405, 

33406, 33410, 33411, 33412, 33413 

 

ICD9-CM Codes 

3511, 3521, 3522 

Thoracic Aortic Replacement CPT Codes  

33860, 33861, 33863, 33864, 33870, 

33875 

 

ICD9-CM Codes 

3865, 3885, 3805, 3815, 3835, 3845 

Thoracoabdominal Aortic Replacement CPT Codes  

33860, 33861, 33863, 33864, 33870, 

33875 

 

ICD9-CM Codes 

3865, 3885, 3805, 3815, 3835, 3845 

Thoracic Endovascular Aortic Repair 

(TEVAR) 

CPT Codes  

33880, 33881, 33883, 33884, 33886, 

75956, 75957, 75958, 75959 

 

ICD9-CM Codes 

3973 

Endovascular Abdominal Aortic Repair 

(EVAR) 

CPT Codes  

0078T, 0079T, 0080T, 34800, 34802, 

34803, 34804, 34805, 34825, 34826, 

75952, 75953 

 

ICD9-CM Codes 

3971 
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Supplemental Table 2. Definitions of Prior Cardiovascular Surgery Procedures 

(Continued) 

Prior Procedure CPT Codes (From Prior Encounters) 

Abdominal Aortic Replacement CPT Codes  

35331,34830, 34831, 34832, 35081, 

35082, 35091, 35092, 35102, 35103 

 

ICD9-CM Codes 

3804, 3814, 3834, 3844, 3864, 3884, 

3925 

Mitral Valve Surgery CPT Codes  

33420, 33422, 33425, 33426, 33427, 

33430 

 

ICD9-CM Codes 

3512, 3523, 3524, 3532 

Tricuspid Valve Surgery CPT Codes  

33460, 33463, 33464, 33465 

 

ICD9-CM Codes 

3514, 3527, 3528 

Coronary Artery Bypass Grafting CPT Codes  

33510, 33511, 33512, 33513, 33514, 

33516, 33517, 33518, 33519, 33521, 

33522, 33523, 33533, 33534, 33535, 

33536, 33572 

 

ICD9-CM Codes 

3610, 3611, 3612, 3613, 3614, 3615, 

3616, 3617, 3619 
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Supplemental Table 2. Definitions of Prior Cardiovascular Surgery Procedures 

(Continued) 

Prior Procedure CPT Codes (From Prior Encounters) 

Ventricular Assist Device/ECMO CPT Codes  

33960, 33961, 33975, 33976, 33977, 

33978, 33979, 33980, 33981, 33982, 

33983 

 

ICD9-CM Codes 

3752, 3753, 3754, 3755, 3760, 3763, 

3765, 3766, 3767, 3768, 3965, 9744 

Other Cardiac Surgery (includes heart and 

lung transplant, arrhythmia ablation, and 

transmyocardial laser revascularization) 

Arrhythmia Ablation 

CPT Codes 

33250, 33251, 33253, 33254, 33255, 

33256, 33257, 33258, 33259, 33261 

 

ICD9-CM Codes 

3733, 3736, 3790 

 

Heart and Lung Transplant 

CPT Codes 

32851, 32852, 32853, 32854, 32855, 

32856, 33935, 33933, 33945, 33944 

 

ICD9-CM Codes 

3351, 3352, 3751 

 

Transmyocardial Laser 

Revascularization 

CPT Codes 

33140, 33141 

 

ICD9-CM Codes 

3631, 3632, 3633, 3639 
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CPT, current procedural terminology; ECMO, extracorporeal membrane oxygenation; ICD9-CM, International 
Classification of Diseases, 9th Revision, Clinical Modification
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Supplemental Table 3. Baseline and operative characteristics of study population before and after propensity score matching – 

transfer comparison* 

Characteristic 

Before Matching After Matching 

Stayed  Transferred  

 

Stayed   Transferred    

(N=10,050) (N=6,836) SMD (N=6,679) (N=6,679) SMD 

Age - yr 72.56 ± 9.53 72.26 ± 9.46 0.03   72.21 ± 9.62   72.26 ± 9.45 0.006 

Age <65 yrs - no. (%) 1132 (11.3) 803 (11.7) 0.02   786.0 (11.8)    786.0 (11.8)  <0.001 

Year of surgery - yr 2006.81 (4.54) 2006.73 (4.62) 0.02 2006.72 (4.58) 2006.73 (4.61) 0.002 

Male sex - no. (%) 5596 (55.7) 3801 (55.6) 0.002  3718.3 (55.7)   3718.0 (55.7)  <0.001 

Race - no. (%) 

   White 8514 (84.7) 5821 (85.2) 0.01  5696.7 (85.3)   5691.0 (85.2)  0.002 

   Black 1051 (10.5) 736 (10.8) 0.01   691.7 (10.4)    714.0 (10.7)  0.01 

   Asian 173 (1.7) 95 (1.4) 0.03    94.7 (1.4)     94.0 (1.4)  0.001 

   Hispanic 130 (1.3) 61 (0.9) 0.04    65.3 (1.0)     59.0 (0.9)  0.01 

   Other 182 (1.8) 123 (1.8) 0.001   130.6 (2.0)    121.0 (1.8)  0.01 

Prior myocardial infarction - no. 

(%) 333 (3.3) 241 (3.5) 0.01   221.9 (3.3)    234.0 (3.5)  0.01 

Alzheimer's dementia - no. (%) 462 (4.6) 344 (5.0) 0.02   314.9 (4.7)    335.0 (5.0)  0.01 

Atrial fibrillation - no. (%) 1732 (17.2) 1003 (14.7) 0.07  1006.8 (15.1)    981.0 (14.7)  0.01 

Chronic kidney disease - no. (%) 1538 (15.3) 1017 (14.9) 0.01   971.0 (14.5)    992.0 (14.9)  0.009 

COPD - no. (%) 2263 (22.5) 1585 (23.2) 0.01  1472.2 (22.0)   1554.0 (23.3)  0.03 

Congestive heart failure - no. (%) 2605 (25.9) 1625 (23.8) 0.05  1558.8 (23.3)   1576.0 (23.6)  0.006 

Diabetes mellitus - no. (%) 1862 (18.5) 1187 (17.4) 0.03  1155.0 (17.3)   1157.0 (17.3)  0.001 

Hip fracture - no. (%) 128 (1.3) 122 (1.8) 0.04   107.8 (1.6)    120.0 (1.8)  0.01 

Ischemic heart disease - no. (%) 4839 (48.1) 3003 (43.9) 0.09  2926.0 (43.8)   2916.0 (43.7)  0.003 

Arthritis - no. (%) 1383 (13.8) 839 (12.3) 0.04   831.0 (12.4)    820.0 (12.3)  0.005 

Stroke - no. (%) 1100 (10.9) 725 (10.6) 0.01   689.5 (10.3)    707.0 (10.6)  0.009 

Cancer - no. (%) 1223 (12.2) 816 (11.9) 0.007   812.3 (12.2)    793.0 (11.9)  0.009 

Anemia - no. (%) 3959 (39.4) 2565 (37.5) 0.04  2510.1 (37.6)   2497.0 (37.4)  0.004 

Hyperlipidemia - no. (%) 5596 (55.7) 3653 (53.4) 0.05  3539.1 (53.0)   3565.0 (53.4)  0.008 

Hypertension - no. (%) 7308 (72.7) 4917 (71.9) 0.02  4793.2 (71.8)   4805.0 (71.9)  0.004 

Hypothyroidism - no. (%) 1416 (14.1) 913 (13.4) 0.02   897.0 (13.4)    891.0 (13.3)  0.003 

Region - no. (%) 

   New England 481 (4.8) 466 (6.8) 0.09   443.0 (6.6)    452.0 (6.8)  0.005 

   Mideast  1642 (16.3) 1393 (20.4) 0.1  1355.6 (20.3)   1341.0 (20.1)  0.005 

   Great Lakes  1823 (18.1) 1238 (18.1) 0.001  1184.8 (17.7)   1218.0 (18.2)  0.01 

   Plains  796 (7.9) 471 (6.9) 0.04   452.7 (6.8)    471.0 (7.1)  0.01 

   Southeast  2842 (28.3) 1827 (26.7) 0.04  1811.7 (27.1)   1778.0 (26.6)  0.01 

   Southwest  929 (9.2) 575 (8.4) 0.03   557.9 (8.4)    557.0 (8.3)  0.001 

   Rocky Mountain  310 (3.1) 150 (2.2) 0.06   155.2 (2.3)    148.0 (2.2)  0.007 

Prior Procedures - no. (%) 

   Aortic valve surgery  228 (2.3) 147 (2.2) 0.008   128.7 (1.9)    141.0 (2.1)  0.01 

   Thoracic aortic replacement 19 (0.2) 17 (0.2) 0.01    10.2 (0.2)     17.0 (0.3)  0.02 

   Thoracoabdominal aortic  

   replacement  8 (0.1) 11 (0.2) 0.02     7.0 (0.1)     11.0 (0.2)  0.02 
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Supplemental Table 3. Baseline and operative characteristics of study population before and after propensity score matching – 

transfer comparison (Continued)* 

Characteristic 

Before Matching After Matching 

Stayed  Transferred   Stayed   Transferred    

(N=10,050) (N=6,836) SMD (N=6,679) (N=6,679) SMD 

   TEVAR  12 (0.1) 10 (0.1) 0.007     7.2 (0.1)     10.0 (0.1)  0.01 

   EVAR  39 (0.4) 14 (0.2) 0.03    16.5 (0.2)     14.0 (0.2)  0.008 

   Abdominal aortic replacement  117 (1.2) 82 (1.2) 0.003    69.3 (1.0)     81.0 (1.2)  0.02 

   Mitral valve surgery  98 (1.0) 57 (0.8) 0.02    46.5 (0.7)     55.0 (0.8)  0.02 

   Triscuspid valve surgery  9 (0.1) 6 (0.1) 0.001     4.0 (0.1)      5.0 (0.1)  0.006 

   CABG  594 (5.9) 394 (5.8) 0.006   348.8 (5.2)    374.0 (5.6)  0.02 

   VAD/ECMO 7 (0.1) 7 (0.1) 0.01     2.9 (0.0)      7.0 (0.1)  0.02 

   Other cardiac surgery 45 (0.4) 37 (0.5) 0.01    26.9 (0.4)     37.0 (0.6)  0.02 

Index Surgical Procedures - no. (%) 

   Aortic valve surgery   1581 (15.7) 847 (12.4) 0.10  1076.2 (16.1)    821.0 (12.3)  0.11 

   Aortic root replacement  2981 (29.7) 1835 (26.8) 0.06  2024.3 (30.3)   1786.0 (26.7)  0.08 

   Ascending aortic replacement  7172 (71.4) 5056 (74.0) 0.06  4722.4 (70.7)   4945.0 (74.0)  0.08 

   Aortic arch replacement  1566 (15.6) 1478 (21.6) 0.16  1232.8 (18.5)   1411.0 (21.1)  0.07 

   Descending thoracic aortic  

   replacement  116 (1.2) 79 (1.2) <0.001    84.0 (1.3)     77.0 (1.2)  0.01 

   Thoracoabdominal aortic  

   replacement  20 (0.2) 5 (0.1) 0.03    13.4 (0.2)      5.0 (0.1)  0.03 

   TEVAR  83 (0.8) 71 (1.0) 0.02    66.6 (1.0)     67.0 (1.0)  0.001 

   EVAR  11 (0.1) 8 (0.1) 0.002     7.5 (0.1)      8.0 (0.1)  0.002 

   Abdominal aortic replacement  28 (0.3) 11 (0.2) 0.03    18.0 (0.3)     11.0 (0.2)  0.02 

   CABG  2824 (28.1) 1357 (19.9) 0.19  1887.8 (28.3)   1309.0 (19.6)  0.20 

   Other valve surgery  7 (0.1) 1 (0.0) 0.03     4.0 (0.1)      1.0 (0.0)  0.02 

   Other cardiac surgery  238 (2.4) 102 (1.5) 0.06   156.8 (2.3)     98.0 (1.5)  0.06 

Transferred - no. (%) 0 (0.0) 6836 (100.0) -     0.0 (0.0)   6679.0 (100.0)  - 
Surgery at high-volume center - no. 

(%) 4313 (42.9) 4448 (65.1) 0.46  4319.0 (64.7)   4319.0 (64.7)  <0.001 

* Plus-minus values are means +/- standard deviation. Variables excluded from table though well-balanced (SMD <0.1): cataracts, glaucoma, 

osteoporosis, asthma, hyperparathyroidism, and depression. CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary  

disease; ECMO, extracorporeal membrane oxygenation; EVAR, endovascular aortic repair; SMD, standardized mean difference; TEVAR, 

thoracic endovascular aortic repair; VAD, ventricular assist device
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Supplemental Table 4. Baseline and operative characteristics of study population before and after propensity score matching – volume 

comparison* 

Characteristic 

Before Matching After Matching 

Low-Volume  High-Volume  

 

Low-Volume   High-Volume    

(N=8,125) (N=8,761) SMD (N=7,196) (N=7,196) SMD 

Age - yr 72.34 ± 9.44 72.53 ± 9.56 0.02   72.03 ± 9.87   72.14 ± 10.08 0.01 

Age <65 yrs - no. (%) 959 (11.8) 976 (11.1) 0.02   961.0 (13.4)    961.0 (13.4)  <0.001 

Year of surgery - yr 2006.72 (4.57) 2006.83 (4.57) 0.03 2006.76 (4.55) 2006.90 (4.55) 0.03 

Male sex - no. (%) 4530 (55.8) 4867 (55.6) 0.004  4034.2 (56.1)   4020.0 (55.9)  0.004 

Race - no. (%) 

   White 6910 (85.0) 7425 (84.8) 0.008  6131.1 (85.2)   6057.0 (84.2)  0.03 

   Black 758 (9.3) 1029 (11.7) 0.08   787.0 (10.9)    880.0 (12.2)  0.04 

   Asian 182 (2.2) 86 (1.0) 0.10    78.1 (1.1)     64.0 (0.9)  0.02 

   Hispanic 102 (1.3) 89 (1.0) 0.02    80.4 (1.1)     84.0 (1.2)  0.005 

   Other 173 (2.1) 132 (1.5) 0.05   119.5 (1.7)    111.0 (1.5)  0.009 

Prior myocardial infarction - no. 

(%) 286 (3.5) 288 (3.3) 0.01   243.0 (3.4)    230.0 (3.2)  0.01 

Alzheimer's dementia - no. (%) 386 (4.8) 420 (4.8) 0.002   341.4 (4.7)    327.0 (4.5)  0.009 

Atrial fibrillation - no. (%) 1246 (15.3) 1489 (17.0) 0.05  1145.5 (15.9)   1221.0 (17.0)  0.03 

Chronic kidney disease - no. (%) 1203 (14.8) 1352 (15.4) 0.02  1109.8 (15.4)   1125.0 (15.6)  0.006 

COPD - no. (%) 1797 (22.1) 2051 (23.4) 0.03  1633.3 (22.7)   1665.0 (23.1)  0.01 

Congestive heart failure - no. (%) 1920 (23.6) 2310 (26.4) 0.06  1774.1 (24.7)   1920.0 (26.7)  0.05 

Diabetes mellitus - no. (%) 1414 (17.4) 1635 (18.7) 0.03  1299.4 (18.1)   1338.0 (18.6)  0.01 

Hip fracture - no. (%) 111 (1.4) 139 (1.6) 0.02   107.2 (1.5)    109.0 (1.5)  0.002 

Ischemic heart disease - no. (%) 3619 (44.5) 4223 (48.2) 0.07  3411.0 (47.4)   3481.0 (48.4)  0.02 

Arthritis - no. (%) 1055 (13.0) 1167 (13.3) 0.01   926.5 (12.9)    952.0 (13.2)  0.01 

Stroke - no. (%) 859 (10.6) 966 (11.0) 0.02   748.2 (10.4)    768.0 (10.7)  0.009 

Cancer - no. (%) 965 (11.9) 1074 (12.3) 0.01   849.9 (11.8)    866.0 (12.0)  0.007 

Anemia - no. (%) 3008 (37.0) 3516 (40.1) 0.06  2762.3 (38.4)   2904.0 (40.4)  0.04 

Hyperlipidemia - no. (%) 4377 (53.9) 4872 (55.6) 0.04  3897.6 (54.2)   3974.0 (55.2)  0.02 

Hypertension - no. (%) 5780 (71.1) 6445 (73.6) 0.05  5213.9 (72.5)   5291.0 (73.5)  0.02 

Hypothyroidism - no. (%) 1146 (14.1) 1183 (13.5) 0.02  1000.1 (13.9)    959.0 (13.3)  0.02 

Region - no. (%) 

   New England 274 (3.4) 673 (7.7) 0.19   348.0 (4.8)    603.0 (8.4)  0.14 

   Mideast  923 (11.4) 2112 (24.1) 0.34  1095.5 (15.2)   1776.0 (24.7)  0.24 

   Great Lakes  1353 (16.7) 1708 (19.5) 0.07  1399.2 (19.4)   1289.0 (17.9)  0.04 

   Plains  689 (8.5) 578 (6.6) 0.07   553.0 (7.7)    498.0 (6.9)  0.03 

   Southeast  2259 (27.8) 2410 (27.5) 0.007  2392.1 (33.2)   2060.0 (28.6)  0.10 

   Southwest  875 (10.8) 629 (7.2) 0.13   640.5 (8.9)    454.0 (6.3)  0.10 

   Rocky Mountain  365 (4.5) 95 (1.1) 0.21   143.8 (2.0)     86.0 (1.2)  0.06 

Prior Procedures - no. (%) 

   Aortic valve surgery  168 (2.1) 207 (2.4) 0.02   145.3 (2.0)    156.0 (2.2)  0.01 

   Thoracic aortic replacement 11 (0.1) 25 (0.3) 0.03     7.3 (0.1)     21.0 (0.3)  0.04 

   Thoracoabdominal aortic  

   replacement  5 (0.1) 14 (0.2) 0.03     4.0 (0.1)     13.0 (0.2)  0.04 
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Supplemental Table 4. Baseline and operative characteristics of study population before and after propensity score matching – volume 

comparison (Continued)* 

Characteristic 

Before Matching After Matching 

Low-Volume  High-Volume    High-Volume  Low-Volume    

(N=8,125) (N=8,761) SMD (N=7,196) (N=7,196) SMD 

   TEVAR  9 (0.1) 13 (0.1) 0.01     8.3 (0.1)     10.0 (0.1)  0.006 

   EVAR  26 (0.3) 27 (0.3) 0.002    20.7 (0.3)     21.0 (0.3)  0.001 

   Abdominal aortic replacement  85 (1.0) 114 (1.3) 0.02    79.0 (1.1)     88.0 (1.2)  0.01 

   Mitral valve surgery  70 (0.9) 85 (1.0) 0.01    61.4 (0.9)     66.0 (0.9)  0.007 

   Triscuspid valve surgery  5 (0.1) 10 (0.1) 0.02     4.0 (0.1)      8.0 (0.1)  0.02 

   CABG  450 (5.5) 538 (6.1) 0.03   402.7 (5.6)    407.0 (5.7)  0.003 

   VAD/ECMO 5 (0.1) 9 (0.1) 0.01     4.3 (0.1)      5.0 (0.1)  0.004 

   Other cardiac surgery 33 (0.4) 49 (0.6) 0.02    33.5 (0.5)     38.0 (0.5)  0.009 

Index Surgical Procedures - no. (%) 

   Aortic valve surgery   1098 (13.5) 1330 (15.2) 0.05   957.5 (13.3)   1096.0 (15.2)  0.06 

   Aortic root replacement  2319 (28.5) 2497 (28.5) 0.001  2046.6 (28.4)   2068.0 (28.7)  0.007 

   Ascending aortic replacement  5878 (72.3) 6350 (72.5) 0.003  5214.5 (72.5)   5203.0 (72.3)  0.004 

   Aortic arch replacement  851 (10.5) 2193 (25.0) 0.39   746.4 (10.4)   1674.0 (23.3)  0.35 

   Descending thoracic aortic  

   replacement  76 (0.9) 119 (1.4) 0.04    58.1 (0.8)     97.0 (1.3)  0.05 

   Thoracoabdominal aortic  

   replacement  13 (0.2) 12 (0.1) 0.006     9.8 (0.1)     12.0 (0.2)  0.008 

   TEVAR  41 (0.5) 113 (1.3) 0.08    37.4 (0.5)     79.0 (1.1)  0.07 

   EVAR  8 (0.1) 11 (0.1) 0.008     4.1 (0.1)      9.0 (0.1)  0.02 

   Abdominal aortic replacement  24 (0.3) 15 (0.2) 0.03    19.0 (0.3)     13.0 (0.2)  0.02 

   CABG  2089 (25.7) 2092 (23.9) 0.04  1816.9 (25.2)   1779.0 (24.7)  0.01 

   Other valve surgery  5 (0.1) 3 (0.0) 0.01     2.5 (0.0)      3.0 (0.0)  0.003 

   Other cardiac surgery  135 (1.7) 205 (2.3) 0.05   111.6 (1.6)    175.0 (2.4)  0.06 

Transferred - no. (%) 2388 (29.4) 4448 (50.8) 0.45  2883.0 (40.1)   2883.0 (40.1)  <0.001 

Surgery at high-volume center - no. 

(%) 0 (0.0) 8761 (100.0) -     0.0 (0.0)   7196.0 (100.0)  - 

* Plus-minus values are means +/- standard deviation. Variables excluded from table though well-balanced (SMD <0.1): cataracts, glaucoma, 

osteoporosis, asthma, hyperparathyroidism, and depression. CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary  

disease; ECMO, extracorporeal membrane oxygenation; EVAR, endovascular aortic repair; SMD, standardized mean difference; TEVAR, 

thoracic endovascular aortic repair; VAD, ventricular assist device
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Supplemental Table 5. Baseline and operative characteristics of study population before and after propensity score matching – 

regionalization comparison* 

Characteristic 

Before Matching After Matching 

Not Rerouted to 

High-Volume 

Rerouted to 

High-Volume 

 

Not Rerouted 

to High-

Volume  

Rerouted to 

High-Volume   

(N=8,125)b (N=4,448)† SMD (N=7,951) (N=7,951) SMD 

Age - yr 72.3 ± 9.4 72.4 ± 9.4 0.009 72.51 (9.31) 72.54 (9.25) 0.003 

Age <65 yrs - no. (%) 959 (11.8) 507 (11.4) 0.01 861.0 (10.8) 861.0 (10.8) <0.001 

Year of surgery - yr 2006.7 (4.6) 2006.9 (4.6) 0.03 2006.71 (4.57) 2006.67 (4.61) 0.009 

Male sex - no. (%) 4530 (55.8) 2474 (55.6) 0.003 4447.0 (55.9) 4468.0 (56.2) 0.005 

Race - no. (%) 

   White 6910 (85.0) 3766 (84.7) 0.01 6788.0 (85.4) 6830.0 (85.9) 0.02 

   Black 758 (9.3) 532 (12.0) 0.09 735.0 (9.2) 712.0 (9.0) 0.01 

   Asian 182 (2.2) 47 (1.1) 0.09 169.0 (2.1) 159.0 (2.0) 0.009 

   Hispanic 102 (1.3) 31 (0.7) 0.06 92.0 (1.2) 81.0 (1.0) 0.01 

   Other 173 (2.1) 72 (1.6) 0.04 167.0 (2.1) 169.0 (2.1) 0.002 

Prior myocardial infarction - no. 

(%) 286 (3.5) 148 (3.3) 0.01 275.0 (3.5) 256.0 (3.2) 0.01 

Alzheimer's dementia - no. (%) 386 (4.8) 224 (5.0) 0.01 368.0 (4.6) 402.0 (5.1) 0.02 

Atrial fibrillation - no. (%) 1246 (15.3) 664 (14.9) 0.01 1220.0 (15.3) 1289.0 (16.2) 0.02 

Chronic kidney disease - no. (%) 1203 (14.8) 689 (15.5) 0.02 1144.0 (14.4) 1136.0 (14.3) 0.003 

COPD - no. (%) 1797 (22.1) 1100 (24.7) 0.06 1768.0 (22.2) 1726.0 (21.7) 0.01 

Congestive heart failure - no. (%) 1920 (23.6) 1097 (24.7) 0.02 1860.0 (23.4) 1899.0 (23.9) 0.01 

Diabetes mellitus - no. (%) 1414 (17.4) 821 (18.5) 0.03 1376.0 (17.3) 1412.0 (17.8) 0.01 

Hip fracture - no. (%) 111 (1.4) 81 (1.8) 0.04 111.0 (1.4) 119.0 (1.5) 0.008 

Ischemic heart disease - no. (%) 3619 (44.5) 2011 (45.2) 0.01 3532.0 (44.4) 3534.0 (44.4) 0.001 

Arthritis - no. (%) 1055 (13.0) 558 (12.5) 0.01 1023.0 (12.9) 1030.0 (13.0) 0.003 

Stroke - no. (%) 859 (10.6) 493 (11.1) 0.02 828.0 (10.4) 883.0 (11.1) 0.02 

Cancer - no. (%) 965 (11.9) 546 (12.3) 0.01 946.0 (11.9) 911.0 (11.5) 0.01 

Anemia - no. (%) 3008 (37.0) 1722 (38.7) 0.04 2923.0 (36.8) 2909.0 (36.6) 0.004 

Hyperlipidemia - no. (%) 4377 (53.9) 2444 (54.9) 0.02 4290.0 (54.0) 4215.0 (53.0) 0.02 

Hypertension - no. (%) 5780 (71.1) 3272 (73.6) 0.05 5651.0 (71.1) 5587.0 (70.3) 0.02 

Hypothyroidism - no. (%) 1146 (14.1) 583 (13.1) 0.03 1115.0 (14.0) 1130.0 (14.2) 0.005 

Region - no. (%) 

   New England 274 (3.4) 363 (8.2) 0.21 273.0 (3.4) 369.0 (4.6) 0.06 

   Mideast  923 (11.4) 1084 (24.4) 0.35 913.0 (11.5) 1071.0 (13.5) 0.06 

   Great Lakes  1353 (16.7) 901 (20.3) 0.09 1348.0 (17.0) 1169.0 (14.7) 0.06 

   Plains  689 (8.5) 263 (5.9) 0.10 676.0 (8.5) 719.0 (9.0) 0.02 

   Southeast  2259 (27.8) 1207 (27.1) 0.02 2235.0 (28.1) 2172.0 (27.3) 0.02 

   Southwest  875 (10.8) 300 (6.7) 0.14 855.0 (10.8) 821.0 (10.3) 0.01 

   Rocky Mountain  365 (4.5) 41 (0.9) 0.22 311.0 (3.9) 234.0 (2.9) 0.05 

Prior Procedures - no. (%) 

   Aortic valve surgery  168 (2.1) 105 (2.4) 0.02 154.0 (1.9) 156.0 (2.0) 0.002 

   Thoracic aortic replacement 11 (0.1) 15 (0.3) 0.04 10.0 (0.1) 16.0 (0.2) 0.02 

   Thoracoabdominal aortic  

   replacement  5 (0.1) 8 (0.2) 0.03 5.0 (0.1) 8.0 (0.1) 0.01 
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Supplemental Table 5. Baseline and operative characteristics of study population before and after propensity score matching – 

regionalization comparison (Continued)* 

Characteristic 

Before Matching After Matching 

Not Rerouted to 

High-Volume 

Rerouted to 

High-Volume  

Not Rerouted 

to High-

Volume  

Rerouted to 

High-Volume   

(N=8,125)b (N=4,448)† SMD (N=7,951) (N=7,951) SMD 

   TEVAR  9 (0.1) 7 (0.2) 0.01 9.0 (0.1) 10.0 (0.1) 0.004 

   EVAR  26 (0.3) 11 (0.2) 0.01 25.0 (0.3) 39.0 (0.5) 0.03 

   Abdominal aortic replacement  85 (1.0) 61 (1.4) 0.03 85.0 (1.1) 80.0 (1.0) 0.006 

   Mitral valve surgery  70 (0.9) 40 (0.9) 0.004 65.0 (0.8) 67.0 (0.8) 0.003 

   Triscuspid valve surgery  5 (0.1) 6 (0.1) 0.02 5.0 (0.1) 5.0 (0.1) <0.001 

   CABG  450 (5.5) 272 (6.1) 0.03 438.0 (5.5) 447.0 (5.6) 0.005 

   VAD/ECMO 5 (0.1) 6 (0.1) 0.02 5.0 (0.1) 6.0 (0.1) 0.005 

   Other cardiac surgery 33 (0.4) 28 (0.6) 0.03 33.0 (0.4) 49.0 (0.6) 0.03 

Index Surgical Procedures - no. (%) 

   Aortic valve surgery   1098 (13.5) 575 (12.9) 0.02 1082.0 (13.6) 1020.0 (12.8) 0.02 

   Aortic root replacement  2319 (28.5) 1184 (26.6) 0.04 2260.0 (28.4) 2220.0 (27.9) 0.01 

   Ascending aortic replacement  5878 (72.3) 3297 (74.1) 0.04 5760.0 (72.4) 5779.0 (72.7) 0.005 

   Aortic arch replacement  851 (10.5) 1199 (27.0) 0.43 831.0 (10.5) 1930.0 (24.3) 0.37 

   Descending thoracic aortic  

   replacement  76 (0.9) 59 (1.3) 0.04 74.0 (0.9) 97.0 (1.2) 0.03 

   Thoracoabdominal aortic  

   replacement  13 (0.2) 5 (0.1) 0.01 13.0 (0.2) 5.0 (0.1) 0.03 

   TEVAR  41 (0.5) 60 (1.3) 0.09 39.0 (0.5) 102.0 (1.3) 0.09 

   EVAR  8 (0.1) 6 (0.1) 0.01 8.0 (0.1) 11.0 (0.1) 0.01 

   Abdominal aortic replacement  24 (0.3) 7 (0.2) 0.03 23.0 (0.3) 11.0 (0.1) 0.03 

   CABG  2089 (25.7) 849 (19.1) 0.16 2049.0 (25.8) 1472.0 (18.5) 0.18 

   Other valve surgery  5 (0.1) 0 (0.0) 0.04 5.0 (0.1) 0.0 (0.0) 0.04 

   Other cardiac surgery  135 (1.7) 77 (1.7) 0.005 132.0 (1.7) 135.0 (1.7) 0.003 

Transferred - no. (%) 2388 (29.4) 4448 (100.0) 2.19 2317.0 (29.1) 7951.0 (100.0) 2.21 

Surgery at high-volume center - no. 

(%) 0 (0.0) 4448 (100.0) - 0.0 (0.0) 7951.0 (100.0) - 

Rerouted to high-volume center- 

no. (%) 0 (0.0) 4448 (100.0) - 0.0 (0.0) 7951.0 (100.0) - 

* Plus-minus values are means +/- standard deviation. Variables excluded from table though well-balanced (SMD <0.1): cataracts, glaucoma, 

osteoporosis, asthma, hyperparathyroidism, and depression. CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary  

disease; ECMO, extracorporeal membrane oxygenation; EVAR, endovascular aortic repair; SMD, standardized mean difference; TEVAR, 

thoracic endovascular aortic repair; VAD, ventricular assist device 
† n=4,313 patients that presented at high-level hospitals so are not part of this analysis
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Supplemental Table 6. Between-group differences in operative mortality and long-term mortality for comparisons of transfer, volume and regionalization in propensity score-

matched cohort 

Operative Mortality Transferred vs. Stayed  High-Volume vs. Low-Volume* 

Rerouted to High-Volume vs. Not Rerouted 

to High-Volume† 

Group Contrast Measure 

Transferred Stayed P Value High-Volume 

Low-

Volume P Value 

Rerouted to High-

Volume 

Not 

Rerouted 

to High-

Volume 

P 

Value 

Operative Mortality 

Operative mortality - % 23.7 25.3 - 22.4 29.1 - 21.3 29.9 - 

Absolute Risk Difference - % 

(95% CI) -1.7 (-3.2 to -0.001) Reference 0.04 -6.6 (-8.2 to -5.1) Reference <0.001 -8.7 (-10.6 to -6.7) Reference  <0.001 

Odds Ratio (95% CI) 0.92 (0.85 to 0.99) Reference 0.03 0.7 (0.65 to 0.76) Reference <0.001 0.63 (0.57 to 0.70) Reference <0.001 

Number Needed to Treat - no. 

(95% CI) - - - 16 (13 to 20) Reference - 12 (10 to 15) Reference - 

Long-Term Mortality 

Mortality at 15 yrs - % 84.3 84.5 - 84.7 85.5 - 83.0 85.5 - 

Hazard Ratio (95% CI) 0.99 (0.94 to 1.05) Reference 0.80 0.79 (0.75 to 0.83) Reference <0.001 0.77 (0.73 to 0.81) Reference <0.001 

Restricted Mean Survival Time at 15 yrs 

   Difference - days (95% CI) 21.1 (-48.6 to 90.8) Reference 0.55 261.8 (188.9 to 334.6) Reference <0.001 219.5 (136.6 to 302.5) Reference <0.001 

   Ratio (95% CI) 1.01 (0.98 to 1.04) Reference 0.55 1.13 (1.10 to 1.17) Reference <0.001 1.11 (1.07 to 1.15) Reference <0.001 

   Ratio of restricted mean time 

lost (95% CI) 0.99 (0.97 to 1.02) Reference 0.55 0.92 (0.89 to 0.94) Reference <0.001 0.93 (0.90 to 0.96) Reference <0.001 

* Gamma = 1.32 for this comparison.  
† Gamma = 1.41 for this comparison. 

The gamma parameter estimates the amount of unmeasured bias necessary to render the finding null. For interpretation, a Gamma = 1.32, implies unobserved covariates 

would need to increase the odds of low-volume hospital 2.00-fold, and increase the odds of operative mortality 1.62-fold, to render the presented finding null. A Gamma = 

1.41 implies unobserved covariates would need to increase the odds of receiving care at a non-regionalized hospital 2.00-fold, and increase the odds of operative mortality 

1.82-fold, to render the presented finding null.  CI, confidence interval 
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Supplemental Table 7. Baseline and operative characteristics of patients who presented to PCI-capable vs. not PCI-capable 

hospitals* 

Characteristic 

Before Matching After Matching† 

Presented to 

Hospital without 

PCI 

Presented to 

Hospital with 

PCI 

 

Presented to 

Hospital 

without PCI 

Presented to 

Hospital with 

PCI   

(N=1,167) (N=902) SMD (N=1,160.8) (N=897.2) SMD 

Age - yr 72.8 ± 9.1 72.9 ± 9.5 0.01 72.8 ± 9.2 72.9 ± 9.6 0.01 

Age <65 yrs - no. (%) 123 (10.5) 99 (11.0) 0.01 124.7 (10.7) 96.3 (10.7) <0.001 

Year of surgery - yr 2007.2 ± 4.4 2007.4 ± 4.6 0.04 2007.3 ± 4.4 2007.3 ± 4.6 0.003 

Male sex - no. (%) 649 (55.6) 505 (56.0) 0.008 654.9 (56.4) 503.3 (56.1) 0.006 

Race - no. (%) 

   White 1009 (86.5) 759 (84.1) 0.07 990.7 (85.3) 767.9 (85.6) 0.007 

   Black 127 (10.9) 110 (12.2) 0.04 132.8 (11.4) 100.1 (11.2) 0.009 

   Asian 6 (0.5) 9 (1.0) 0.06 8.7 (0.8) 7.4 (0.8) 0.008 

   Hispanic 9 (0.8) 6 (0.7) 0.01 9.0 (0.8) 6.8 (0.8) 0.003 

   Other 16 (1.4) 18 (2.0) 0.05 19.5 (1.7) 15.0 (1.7) <0.001 

Prior myocardial infarction - no. 

(%) 33 (2.8) 31 (3.4) 0.04 36.7 (3.2) 27.7 (3.1) 0.004 

Alzheimer's dementia - no. (%) 64 (5.5) 33 (3.7) 0.09 50.2 (4.3) 41.0 (4.6) 0.01 

Atrial fibrillation - no. (%) 175 (15.0) 127 (14.1) 0.03 165.5 (14.3) 130.1 (14.5) 0.007 

Chronic kidney disease - no. (%) 173 (14.8) 141 (15.6) 0.02 175.1 (15.1) 131.4 (14.7) 0.01 

COPD - no. (%) 310 (26.6) 216 (23.9) 0.06 293.3 (25.3) 223.4 (24.9) 0.008 

Congestive heart failure - no. (%) 287 (24.6) 214 (23.7) 0.02 285.7 (24.6) 217.3 (24.2) 0.009 

Diabetes mellitus - no. (%) 214 (18.3) 152 (16.9) 0.04 201.9 (17.4) 155.9 (17.4) 0.001 

Hip fracture - no. (%) 25 (2.1) 16 (1.8) 0.03 24.0 (2.1) 18.7 (2.1) 0.002 

Ischemic heart disease - no. (%) 537 (46.0) 401 (44.5) 0.03 531.3 (45.8) 404.4 (45.1) 0.01 

Arthritis - no. (%) 462 (39.6) 365 (40.5) 0.02 456.0 (39.3) 356.4 (39.7) 0.009 

Stroke - no. (%) 130 (11.1) 84 (9.3) 0.06 117.3 (10.1) 88.1 (9.8) 0.01 

Cancer - no. (%) 139 (11.9) 112 (12.4) 0.02 139.0 (12.0) 111.2 (12.4) 0.01 

Anemia - no. (%) 459 (39.3) 344 (38.1) 0.03 445.6 (38.4) 350.7 (39.1) 0.01 

Hyperlipidemia - no. (%) 653 (56.0) 500 (55.4) 0.01 643.9 (55.5) 500.0 (55.7) 0.005 

Hypertension - no. (%) 872 (74.7) 674 (74.7) <0.001 867.2 (74.7) 672.0 (74.9) 0.004 

Hypothyroidism - no. (%) 154 (13.2) 122 (13.5) 0.01 152.6 (13.1) 115.7 (12.9) 0.007 

Prior Procedures - no. (%) 

   Aortic valve surgery  25 (2.1) 18 (2.0) 0.01 23.4 (2.0) 17.7 (2.0) 0.003 

   Thoracic aortic replacement 1 (0.1) 7 (0.8) 0.11 1.7 (0.1) 4.6 (0.5) 0.06 

   Thoracoabdominal aortic  

   replacement  0 (0.0) 4 (0.4) 0.09 0.0 (0.0) 2.6 (0.3) 0.08 

   TEVAR  1 (0.1) 1 (0.1) 0.008 0.8 (0.1) 0.9 (0.1) 0.008 

   EVAR  2 (0.2) 2 (0.2) 0.01 2.0 (0.2) 1.7 (0.2) 0.006 

   Abdominal aortic replacement  11 (0.9) 13 (1.4) 0.05 11.8 (1.0) 11.6 (1.3) 0.03 

   Mitral valve surgery  9 (0.8) 6 (0.7) 0.01 7.6 (0.7) 5.4 (0.6) 0.006 

   Triscuspid valve surgery  3 (0.3) 0 (0.0) 0.07 0 (0.0) 0 (0.0) - 

   CABG  61 (5.2) 39 (4.3) 0.04 55.0 (4.7) 42.1 (4.7) 0.002 

   VAD/ECMO 1 (0.1) 0 (0.0) 0.04 0 (0.0) 0 (0.0) - 

   Other cardiac surgery 5 (0.4) 6 (0.7) 0.03 7.1 (0.6) 4.4 (0.5) 0.02 
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Supplemental Table 7. Baseline and operative characteristics of patients who presented to PCI-capable vs. not PCI-capable hospitals 

(Continued)* 

Characteristic 

Before Matching After Matching† 

Presented to 

Hospital without 

PCI 

Presented to 

Hospital with 

PCI  

Presented to 

Hospital 

without PCI 

Presented to 

Hospital with 

PCI   

(N=10,050) (N=6,836) SMD (N=3,090) (N=3,090) SMD 

Index Surgical Procedures - no. (%) 

   Aortic valve surgery   131 (11.2) 114 (12.6) 0.04 130.6 (11.2) 114.9 (12.8) 0.05 

   Aortic root replacement  312 (26.7) 203 (22.5) 0.10 305.7 (26.3) 200.3 (22.3) 0.09 

   Ascending aortic replacement  869 (74.5) 702 (77.8) 0.08 868.6 (74.8) 700.2 (78.0) 0.08 

   Aortic arch replacement  280 (24.0) 241 (26.7) 0.06 279.8 (24.1) 242.6 (27.0) 0.07 

   Descending thoracic aortic  

   replacement  9 (0.8) 9 (1.0) 0.02 8.5 (0.7) 8.1 (0.9) 0.02 

   Thoracoabdominal aortic  

   replacement  1 (0.1) 1 (0.1) 0.008 1.1 (0.1) 1.3 (0.1) 0.01 

   TEVAR  10 (0.9) 12 (1.3) 0.05 10.2 (0.9) 12.4 (1.4) 0.05 

   EVAR  1 (0.1) 0 (0.0) 0.04 0.8 (0.1) 0.0 (0.0) 0.04 

   Abdominal aortic replacement  2 (0.2) 2 (0.2) 0.01 2.0 (0.2) 2.2 (0.2) 0.02 

   CABG  230 (19.7) 148 (16.4) 0.09 225.9 (19.5) 149.8 (16.7) 0.07 

   Other valve surgery  0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) - 

   Other cardiac surgery  13 (1.1) 16 (1.8) 0.06 11.8 (1.0) 15.9 (1.8) 0.06 

Transferred - no. (%) 1167 (100.0) 902 (100.0) - 1160.8 (100.0) 897.2 (100.0) - 

Surgery at high-volume center - no. 

(%) 1167 (100.0) 902 (100.0) - 1160.8 (100.0) 897.2 (100.0) - 

* Plus-minus values are means +/- standard deviation. Variables excluded from table though well-balanced (SMD <0.1): cataracts, glaucoma, 

osteoporosis, asthma, hyperparathyroidism, and depression. CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary  

disease; ECMO, extracorporeal membrane oxygenation; EVAR, endovascular aortic repair; SMD, standardized mean difference; TEVAR, 

thoracic endovascular aortic repair; VAD, ventricular assist device 
† Numbers are not necessarily integers due to matching with variable controls and weighting for the average treatment effect 
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Supplemental Table 8. Baseline and operative characteristics of patients who were included vs. excluded by the instrumental variable design for each comparison* 

Characteristic 

Transferred vs. Stayed High-Volume vs. Low-Volume Rerouted vs. Not Rerouted 

Excluded Included 

 

Excluded Included 

 

Excluded Included 

 (N=7,337) (N=9,549) SMD (N=7,296) (N=9,590) SMD (N=11,620) (N=5,266) SMD 

Age - yr 72.3 ± 9.7 72.6 ± 9.4 0.03 72.3 ± 9.6 72.5 ± 9.5 0.02 72.4 ± 9.6 72.5 ± 9.2 0.005 

Age <65 yrs - no. (%) 893 (12.2) 1042 (10.9) 0.04 873 (12.0) 1062 (11.1) 0.03 1355 (11.7) 580 (11.0) 0.02 

Year of surgery - yr 2006.8 ± 4.6 2006.8 ± 4.6 0.008 2006.8 ± 4.6 2006.8 ± 4.6 0.001 2006.8 ± 4.6 2006.7 ± 4.6 0.02 

Male sex - no. (%) 4081 (55.6) 5316 (55.7) 0.001 4049 (55.5) 5348 (55.8) 0.005 6447 (55.5) 2950 (56.0) 0.01 

Race - no. (%) 

            White 6183 (84.3) 8152 (85.4) 0.03 6163 (84.5) 8172 (85.2) 0.02 9822 (84.5) 4513 (85.7) 0.03 

   Black 821 (11.2) 966 (10.1) 0.04 796 (10.9) 991 (10.3) 0.02 1297 (11.2) 490 (9.3) 0.06 

   Asian 128 (1.7) 140 (1.5) 0.02 132 (1.8) 136 (1.4) 0.03 178 (1.5) 90 (1.7) 0.01 

   Hispanic 82 (1.1) 109 (1.1) 0.002 75 (1.0) 116 (1.2) 0.02 137 (1.2) 54 (1.0) 0.02 

   Other 123 (1.7) 182 (1.9) 0.02 130 (1.8) 175 (1.8) 0.003 186 (1.6) 119 (2.3) 0.05 

Prior myocardial infarction - no. (%) 279 (3.8) 295 (3.1) 0.04 274 (3.8) 300 (3.1) 0.03 416 (3.6) 158 (3.0) 0.03 

Alzheimer's dementia - no. (%) 373 (5.1) 433 (4.5) 0.03 367 (5.0) 439 (4.6) 0.02 566 (4.9) 240 (4.6) 0.02 

Atrial fibrillation - no. (%) 1174 (16.0) 1561 (16.3) 0.009 1155 (15.8) 1580 (16.5) 0.02 1984 (17.1) 751 (14.3) 0.08 

Chronic kidney disease - no. (%) 1167 (15.9) 1388 (14.5) 0.04 1150 (15.8) 1405 (14.7) 0.03 1818 (15.6) 737 (14.0) 0.05 

COPD - no. (%) 1729 (23.6) 2119 (22.2) 0.03 1719 (23.6) 2129 (22.2) 0.03 2670 (23.0) 1178 (22.4) 0.02 

Congestive heart failure - no. (%) 1815 (24.7) 2415 (25.3) 0.01 1777 (24.4) 2453 (25.6) 0.03 3002 (25.8) 1228 (23.3) 0.06 

Diabetes mellitus - no. (%) 1371 (18.7) 1678 (17.6) 0.03 1360 (18.6) 1689 (17.6) 0.03 2177 (18.7) 872 (16.6) 0.06 

Hip fracture - no. (%) 122 (1.7) 128 (1.3) 0.03 122 (1.7) 128 (1.3) 0.03 180 (1.5) 70 (1.3) 0.02 

Ischemic heart disease - no. (%) 3381 (46.1) 4461 (46.7) 0.01 3349 (45.9) 4493 (46.9) 0.02 5570 (47.9) 2272 (43.1) 0.10 

Arthritis - no. (%) 977 (13.3) 1245 (13.0) 0.008 967 (13.3) 1255 (13.1) 0.005 1579 (13.6) 643 (12.2) 0.04 

Stroke - no. (%) 800 (10.9) 1025 (10.7) 0.005 805 (11.0) 1020 (10.6) 0.01 1280 (11.0) 545 (10.3) 0.02 

Cancer - no. (%) 882 (12.0) 1157 (12.1) 0.003 883 (12.1) 1156 (12.1) 0.001 1411 (12.1) 628 (11.9) 0.007 

Anemia - no. (%) 2885 (39.3) 3639 (38.1) 0.03 2862 (39.2) 3662 (38.2) 0.02 4662 (40.1) 1862 (35.4) 0.10 

Hyperlipidemia - no. (%) 4087 (55.7) 5162 (54.1) 0.03 4052 (55.5) 5197 (54.2) 0.03 6486 (55.8) 2763 (52.5) 0.07 

Hypertension - no. (%) 5346 (72.9) 6879 (72.0) 0.02 5309 (72.8) 6916 (72.1) 0.02 8493 (73.1) 3732 (70.9) 0.05 

Hypothyroidism - no. (%) 1047 (14.3) 1282 (13.4) 0.02 1044 (14.3) 1285 (13.4) 0.03 1645 (14.2) 684 (13.0) 0.03 

Region - no. (%) 

            New England  370 (5.0) 577 (6.0) 0.04 368 (5.0) 579 (6.0) 0.04 679 (5.8) 268 (5.1) 0.03 

   Mideast  1332 (18.2) 1703 (17.8) 0.008 1327 (18.2) 1708 (17.8) 0.01 2357 (20.3) 678 (12.9) 0.2 

   Great Lakes  1529 (20.8) 1532 (16.0) 0.12 1510 (20.7) 1551 (16.2) 0.12 2319 (20.0) 742 (14.1) 0.16 

   Plains  470 (6.4) 797 (8.3) 0.07 461 (6.3) 806 (8.4) 0.08 777 (6.7) 490 (9.3) 0.10 
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Supplemental Table 8. Baseline and operative characteristics of patients who were included vs. excluded by the instrumental variable design for each comparison 

(Continued)* 

Characteristic 

Transferred vs. Stayed High-Volume vs. Low-Volume Rerouted vs. Not Rerouted 

Excluded Included  Excluded Included  Excluded Included  

(N=7,337) (N=9,549) SMD (N=7,296) (N=9,590) SMD (N=11,620) (N=5,266) SMD 

   Southeast  1940 (26.4) 2729 (28.6) 0.05 1926 (26.4) 2743 (28.6) 0.05 3134 (27.0) 1535 (29.1) 0.05 

   Southwest  690 (9.4) 814 (8.5) 0.03 659 (9.0) 845 (8.8) 0.008 995 (8.6) 509 (9.7) 0.04 

   Rocky Mountain  153 (2.1) 307 (3.2) 0.07 165 (2.3) 295 (3.1) 0.05 211 (1.8) 249 (4.7) 0.16 

Prior Procedures - no. (%) 

            Aortic valve surgery   174 (2.4) 201 (2.1) 0.02 165 (2.3) 210 (2.2) 0.005 269 (2.3) 106 (2.0) 0.02 

   Thoracic aortic replacement  19 (0.3) 17 (0.2) 0.02 17 (0.2) 19 (0.2) 0.008 27 (0.2) 9 (0.2) 0.01 

   Thoracoabdominal aortic replacement  9 (0.1) 10 (0.1) 0.005 8 (0.1) 11 (0.1) 0.002 14 (0.1) 5 (0.1) 0.008 

   TEVAR  16 (0.2) 6 (0.1) 0.04 13 (0.2) 9 (0.1) 0.02 19 (0.2) 3 (0.1) 0.03 

   EVAR  33 (0.4) 20 (0.2) 0.04 24 (0.3) 29 (0.3) 0.005 40 (0.3) 13 (0.2) 0.02 

   Abdominal aortic replacement  93 (1.3) 106 (1.1) 0.02 90 (1.2) 109 (1.1) 0.009 143 (1.2) 56 (1.1) 0.02 

   Mitral valve surgery  75 (1.0) 80 (0.8) 0.02 65 (0.9) 90 (0.9) 0.005 116 (1.0) 39 (0.7) 0.03 

   Triscuspid valve surgery  6 (0.1) 9 (0.1) 0.004 4 (0.1) 11 (0.1) 0.02 8 (0.1) 7 (0.1) 0.02 

   CABG  449 (6.1) 539 (5.6) 0.02 437 (6.0) 551 (5.7) 0.01 707 (6.1) 281 (5.3) 0.03 

   VAD/ECMO 6 (0.1) 8 (0.1) 0.001 6 (0.1) 8 (0.1) <0.001 9 (0.1) 5 (0.1) 0.006 

   Other cardiac surgery  38 (0.5) 44 (0.5) 0.008 34 (0.5) 48 (0.5) 0.005 56 (0.5) 26 (0.5) 0.002 

Index Surgical Procedures - no. (%) 

            Aortic valve surgery   1063 (14.5) 1365 (14.3) 0.006 1054 (14.4) 1374 (14.3) 0.003 1808 (15.6) 620 (11.8) 0.11 

   Aortic root replacement  2013 (27.4) 2803 (29.4) 0.04 1995 (27.3) 2821 (29.4) 0.05 3320 (28.6) 1496 (28.4) 0.004 

   Ascending aortic replacement  5383 (73.4) 6845 (71.7) 0.04 5360 (73.5) 6868 (71.6) 0.04 8413 (72.4) 3815 (72.4) 0.001 

   Aortic arch replacement  1338 (18.2) 1706 (17.9) 0.01 1323 (18.1) 1721 (17.9) 0.005 2316 (19.9) 728 (13.8) 0.16 

   Descending thoracic aortic replacement  91 (1.2) 104 (1.1) 0.01 87 (1.2) 108 (1.1) 0.006 147 (1.3) 48 (0.9) 0.03 

   Thoracoabdominal aortic replacement  10 (0.1) 15 (0.2) 0.005 10 (0.1) 15 (0.2) 0.005 17 (0.1) 8 (0.2) 0.001 

   TEVAR  80 (1.1) 74 (0.8) 0.03 76 (1.0) 78 (0.8) 0.02 129 (1.1) 25 (0.5) 0.07 

   EVAR  9 (0.1) 10 (0.1) 0.005 9 (0.1) 10 (0.1) 0.006 14 (0.1) 5 (0.1) 0.008 

   Abdominal aortic replacement  17 (0.2) 22 (0.2) <0.001 17 (0.2) 22 (0.2) 0.001 25 (0.2) 14 (0.3) 0.01 

   CABG  1717 (23.4) 2464 (25.8) 0.06 1712 (23.5) 2469 (25.7) 0.05 2957 (25.4) 1224 (23.2) 0.05 

   Other valve surgery  3 (0.0) 5 (0.1) 0.005 3 (0.0) 5 (0.1) 0.005 6 (0.1) 2 (0.0) 0.006 

   Other cardiac surgery  130 (1.8) 210 (2.2) 0.03 126 (1.7) 214 (2.2) 0.04 255 (2.2) 85 (1.6) 0.04 

Transferred - no. (%) 3746 (51.1) 3090 (32.4) 0.39 3773 (51.7) 3063 (31.9) 0.41 3765 (32.4) 3071 (58.3) 0.54 

Surgery at high-volume center - no. (%) 2654 (36.2) 6107 (64.0) 0.58 2582 (35.4) 6179 (64.4) 0.61 6895 (59.3) 1866 (35.4) 0.49 
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* Plus-minus values are means +/- standard deviation. Variables excluded from table though well-balanced (SMD <0.1): cataracts, glaucoma, osteoporosis, asthma, hyperparathyroidism, 

and depression. CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary  

disease; ECMO, extracorporeal membrane oxygenation; EVAR, endovascular aortic repair; SMD, standardized mean difference; TEVAR, thoracic endovascular aortic repair; VAD, 

ventricular assist device
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Supplemental Table 9. Baseline and operative characteristics of transferred vs. not transferred population* 

Characteristic 

Before Instrumental Variable Design 

After Instrumental Variable Design & 

Matching 

Stayed  Transferred  

 

Stayed   Transferred    

(N=10,050) (N=6,836) SMD (N=3,090) (N=3,090) SMD 

Age - yr 72.56 ± 9.53 72.26 ± 9.46 0.03   72.25 ± 9.31   72.38 ± 9.31 0.01 

Age <65 yrs - no. (%) 1132 (11.3) 803 (11.7) 0.02   358.0 (11.6)    358.0 (11.6)  <0.001 

Year of surgery - yr 2006.81 (4.54) 2006.73 (4.62) 0.02 2006.90 (4.57) 2006.84 (4.60) 0.01 

Male sex - no. (%) 5596 (55.7) 3801 (55.6) 0.002  1695.0 (54.9)   1696.0 (54.9)  0.001 

Race - no. (%) 

   White 8514 (84.7) 5821 (85.2) 0.01  2631.8 (85.2)   2637.0 (85.3)  0.005 

   Black 1051 (10.5) 736 (10.8) 0.01   320.8 (10.4)    313.0 (10.1)  0.008 

   Asian 173 (1.7) 95 (1.4) 0.03    43.9 (1.4)     45.0 (1.5)  0.003 

   Hispanic 130 (1.3) 61 (0.9) 0.04    30.6 (1.0)     29.0 (0.9)  0.005 

   Other 182 (1.8) 123 (1.8) 0.001    62.9 (2.0)     66.0 (2.1)  0.007 

Prior myocardial infarction - no. 

(%) 333 (3.3) 241 (3.5) 0.01    94.1 (3.0)     96.0 (3.1)  0.004 

Alzheimer's dementia - no. (%) 462 (4.6) 344 (5.0) 0.02   127.0 (4.1)    145.0 (4.7)  0.03 

Atrial fibrillation - no. (%) 1732 (17.2) 1003 (14.7) 0.07   409.9 (13.3)    414.0 (13.4)  0.004 

Chronic kidney disease - no. (%) 1538 (15.3) 1017 (14.9) 0.01   446.7 (14.5)    442.0 (14.3)  0.004 

COPD - no. (%) 2263 (22.5) 1585 (23.2) 0.01   687.6 (22.3)    708.0 (22.9)  0.02 

Congestive heart failure - no. (%) 2605 (25.9) 1625 (23.8) 0.05   703.6 (22.8)    698.0 (22.6)  0.004 

Diabetes mellitus - no. (%) 1862 (18.5) 1187 (17.4) 0.03   507.8 (16.4)    500.0 (16.2)  0.007 

Hip fracture - no. (%) 128 (1.3) 122 (1.8) 0.04    42.9 (1.4)     49.0 (1.6)  0.02 

Ischemic heart disease - no. (%) 4839 (48.1) 3003 (43.9) 0.09  1297.4 (42.0)   1298.0 (42.0)  <0.001 

Arthritis - no. (%) 1383 (13.8) 839 (12.3) 0.04   358.0 (11.6)    371.0 (12.0)  0.01 

Stroke - no. (%) 1100 (10.9) 725 (10.6) 0.01   300.9 (9.7)    312.0 (10.1)  0.01 

Cancer - no. (%) 1223 (12.2) 816 (11.9) 0.007   363.7 (11.8)    373.0 (12.1)  0.009 

Anemia - no. (%) 3959 (39.4) 2565 (37.5) 0.04  1110.8 (35.9)   1113.0 (36.0)  0.001 

Hyperlipidemia - no. (%) 5596 (55.7) 3653 (53.4) 0.05  1595.1 (51.6)   1602.0 (51.8)  0.004 

Hypertension - no. (%) 7308 (72.7) 4917 (71.9) 0.02  2182.2 (70.6)   2197.0 (71.1)  0.01 

Hypothyroidism - no. (%) 1416 (14.1) 913 (13.4) 0.02   376.9 (12.2)    393.0 (12.7)  0.02 

Region - no. (%) 

   New England 481 (4.8) 466 (6.8) 0.09   206.3 (6.7)    215.0 (7.0)  0.01 

   Mideast  1642 (16.3) 1393 (20.4) 0.1   563.6 (18.2)    557.0 (18.0)  0.006 

   Great Lakes  1823 (18.1) 1238 (18.1) 0.001   443.6 (14.4)    447.0 (14.5)  0.003 

   Plains  796 (7.9) 471 (6.9) 0.04   267.1 (8.6)    274.0 (8.9)  0.008 

   Southeast  2842 (28.3) 1827 (26.7) 0.04   920.1 (29.8)    921.0 (29.8)  0.001 

   Southwest  929 (9.2) 575 (8.4) 0.03   233.4 (7.6)    229.0 (7.4)  0.005 

   Rocky Mountain  310 (3.1) 150 (2.2) 0.06    94.7 (3.1)     90.0 (2.9)  0.009 

Prior Procedures - no. (%) 

   Aortic valve surgery  228 (2.3) 147 (2.2) 0.008    47.4 (1.5)     54.0 (1.7)  0.02 

   Thoracic aortic replacement 19 (0.2) 17 (0.2) 0.01     4.5 (0.1)      7.0 (0.2)  0.02 

   Thoracoabdominal aortic  

   replacement  8 (0.1) 11 (0.2) 0.02     2.8 (0.1)      5.0 (0.2)  0.02 
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Supplemental Table 9. Baseline and operative characteristics of transferred vs. not transferred population (Continued)* 

Characteristic 

Before Instrumental Variable Design 

After Instrumental Variable Design & 

Matching 

Stayed  Transferred   Stayed   Transferred    

(N=10,050) (N=6,836) SMD (N=3,090) (N=3,090) SMD 

   TEVAR  12 (0.1) 10 (0.1) 0.007     1.7 (0.1)      1.0 (0.0)  0.01 

   EVAR  39 (0.4) 14 (0.2) 0.03     4.2 (0.1)      5.0 (0.2)  0.007 

   Abdominal aortic replacement  117 (1.2) 82 (1.2) 0.003    29.3 (0.9)     33.0 (1.1)  0.01 

   Mitral valve surgery  98 (1.0) 57 (0.8) 0.02    18.5 (0.6)     22.0 (0.7)  0.01 

   Triscuspid valve surgery  9 (0.1) 6 (0.1) 0.001     3.0 (0.1)      3.0 (0.1)  <0.001 

   CABG  594 (5.9) 394 (5.8) 0.006   147.6 (4.8)    152.0 (4.9)  0.007 

   VAD/ECMO 7 (0.1) 7 (0.1) 0.01     2.5 (0.1)      3.0 (0.1)  0.005 

   Other cardiac surgery 45 (0.4) 37 (0.5) 0.01    17.1 (0.6)     17.0 (0.6)  0.001 

Index Surgical Procedures - no. (%) 

   Aortic valve surgery   1581 (15.7) 847 (12.4) 0.10   479.9 (15.5)    334.0 (10.8)  0.14 

   Aortic root replacement  2981 (29.7) 1835 (26.8) 0.06   923.1 (29.9)    815.0 (26.4)  0.08 

   Ascending aortic replacement  7172 (71.4) 5056 (74.0) 0.06  2201.1 (71.2)   2302.0 (74.5)  0.07 

   Aortic arch replacement  1566 (15.6) 1478 (21.6) 0.16   538.5 (17.4)    516.0 (16.7)  0.02 

   Descending thoracic aortic  

   replacement  116 (1.2) 79 (1.2) <0.001    35.9 (1.2)     28.0 (0.9)  0.03 

   Thoracoabdominal aortic  

   replacement  20 (0.2) 5 (0.1) 0.03     6.4 (0.2)      4.0 (0.1)  0.02 

   TEVAR  83 (0.8) 71 (1.0) 0.02    26.6 (0.9)     16.0 (0.5)  0.04 

   EVAR  11 (0.1) 8 (0.1) 0.002     3.8 (0.1)      3.0 (0.1)  0.007 

   Abdominal aortic replacement  28 (0.3) 11 (0.2) 0.03     7.2 (0.2)      5.0 (0.2)  0.02 

   CABG  2824 (28.1) 1357 (19.9) 0.19   854.0 (27.6)    611.0 (19.8)  0.19 

   Other valve surgery  7 (0.1) 1 (0.0) 0.03     1.7 (0.1)      1.0 (0.0)  0.01 

   Other cardiac surgery  238 (2.4) 102 (1.5) 0.06    64.7 (2.1)     42.0 (1.4)  0.06 

Transferred - no. (%) 0 (0.0) 6836 (100.0) -     0.0 (0.0)   3090.0 (100.0)  - 

Surgery at high-volume center - no. 

(%) 4313 (42.9) 4448 (65.1) 0.46  1866.0 (60.4)   1866.0 (60.4)  <0.001 

* Plus-minus values are means +/- standard deviation. Variables excluded from table though well-balanced (SMD <0.1): cataracts, glaucoma, 

osteoporosis, asthma, hyperparathyroidism, and depression. CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary  

disease; ECMO, extracorporeal membrane oxygenation; EVAR, endovascular aortic repair; SMD, standardized mean difference; TEVAR, 

thoracic endovascular aortic repair; VAD, ventricular assist device
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Supplemental Table 10. Baseline and operative characteristics of patients receiving surgery at low-volume vs. high-volume 

hospitals* 

Characteristic 

Before Instrumental Variable Design 

After Instrumental Variable Design & 

Matching 

Low-Volume  High-Volume  

 

Low-Volume   High-Volume    

(N=8,125) (N=8,761) SMD (N=6,179) (N=6,179) SMD 

Age - yr 72.34 ± 9.44 72.53 ± 9.56 0.02   72.58 ± 9.27   72.69 ± 9.52 0.01 

Age <65 yrs - no. (%) 959 (11.8) 976 (11.1) 0.02   667.0 (10.8)    667.0 (10.8)  <0.001 

Year of surgery - yr 2006.72 (4.57) 2006.83 (4.57) 0.03 2006.61 (4.57) 2006.87 (4.55) 0.06 

Male sex - no. (%) 4530 (55.8) 4867 (55.6) 0.004  3489.0 (56.5)   3425.0 (55.4)  0.02 

Race - no. (%) 

   White 6910 (85.0) 7425 (84.8) 0.008  5354.0 (86.6)   5252.0 (85.0)  0.05 

   Black 758 (9.3) 1029 (11.7) 0.08   552.0 (8.9)    707.0 (11.4)  0.08 

   Asian 182 (2.2) 86 (1.0) 0.10   101.0 (1.6)     54.0 (0.9)  0.07 

   Hispanic 102 (1.3) 89 (1.0) 0.02    69.0 (1.1)     73.0 (1.2)  0.006 

   Other 173 (2.1) 132 (1.5) 0.05   103.0 (1.7)     93.0 (1.5)  0.01 

Prior myocardial infarction - no. 

(%) 286 (3.5) 288 (3.3) 0.01   204.0 (3.3)    199.0 (3.2)  0.005 

Alzheimer's dementia - no. (%) 386 (4.8) 420 (4.8) 0.002   295.0 (4.8)    282.0 (4.6)  0.01 

Atrial fibrillation - no. (%) 1246 (15.3) 1489 (17.0) 0.05  1007.0 (16.3)   1077.0 (17.4)  0.03 

Chronic kidney disease - no. (%) 1203 (14.8) 1352 (15.4) 0.02   857.0 (13.9)    941.0 (15.2)  0.04 

COPD - no. (%) 1797 (22.1) 2051 (23.4) 0.03  1351.0 (21.9)   1415.0 (22.9)  0.03 

Congestive heart failure - no. (%) 1920 (23.6) 2310 (26.4) 0.06  1532.0 (24.8)   1652.0 (26.7)  0.04 

Diabetes mellitus - no. (%) 1414 (17.4) 1635 (18.7) 0.03  1041.0 (16.8)   1144.0 (18.5)  0.04 

Hip fracture - no. (%) 111 (1.4) 139 (1.6) 0.02    73.0 (1.2)     90.0 (1.5)  0.02 

Ischemic heart disease - no. (%) 3619 (44.5) 4223 (48.2) 0.07  2925.0 (47.3)   3042.0 (49.2)  0.04 

Arthritis - no. (%) 1055 (13.0) 1167 (13.3) 0.01   780.0 (12.6)    840.0 (13.6)  0.03 

Stroke - no. (%) 859 (10.6) 966 (11.0) 0.02   675.0 (10.9)    671.0 (10.9)  0.002 

Cancer - no. (%) 965 (11.9) 1074 (12.3) 0.01   741.0 (12.0)    764.0 (12.4)  0.01 

Anemia - no. (%) 3008 (37.0) 3516 (40.1) 0.06  2218.0 (35.9)   2491.0 (40.3)  0.09 

Hyperlipidemia - no. (%) 4377 (53.9) 4872 (55.6) 0.04  3295.0 (53.3)   3449.0 (55.8)  0.05 

Hypertension - no. (%) 5780 (71.1) 6445 (73.6) 0.05  4415.0 (71.5)   4542.0 (73.5)  0.05 

Hypothyroidism - no. (%) 1146 (14.1) 1183 (13.5) 0.02   849.0 (13.7)    837.0 (13.5)  0.006 

Region - no. (%) 

   New England 274 (3.4) 673 (7.7) 0.19   195.0 (3.2)    495.0 (8.0)  0.21 

   Mideast  923 (11.4) 2112 (24.1) 0.34   478.0 (7.7)   1496.0 (24.2)  0.46 

   Great Lakes  1353 (16.7) 1708 (19.5) 0.07  1035.0 (16.8)   1090.0 (17.6)  0.02 

   Plains  689 (8.5) 578 (6.6) 0.07   724.0 (11.7)    451.0 (7.3)  0.15 

   Southeast  2259 (27.8) 2410 (27.5) 0.007  2070.0 (33.5)   1813.0 (29.3)  0.09 

   Southwest  875 (10.8) 629 (7.2) 0.13   687.0 (11.1)    401.0 (6.5)  0.16 

   Rocky Mountain  365 (4.5) 95 (1.1) 0.21   220.0 (3.6)     78.0 (1.3)  0.15 

Prior Procedures - no. (%) 

   Aortic valve surgery  168 (2.1) 207 (2.4) 0.02   140.0 (2.3)    138.0 (2.2)  0.002 

   Thoracic aortic replacement 11 (0.1) 25 (0.3) 0.03     5.0 (0.1)     16.0 (0.3)  0.04 

   Thoracoabdominal aortic  

   replacement  5 (0.1) 14 (0.2) 0.03     2.0 (0.0)      9.0 (0.1)  0.04 
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Supplemental Table 10. Baseline and operative characteristics of patients receiving surgery at low-volume vs. high-volume hospitals 

(Continued)* 

Characteristic 

Before Instrumental Variable Design 

After Instrumental Variable Design & 

Matching 

Low-Volume  High-Volume   Low-Volume   High-Volume    

(N=8,125) (N=8,761) SMD (N=6,179) (N=6,179) SMD 

   TEVAR  9 (0.1) 13 (0.1) 0.01     6.0 (0.1)      7.0 (0.1)  0.005 

   EVAR  26 (0.3) 27 (0.3) 0.002    21.0 (0.3)     21.0 (0.3)  <0.001 

   Abdominal aortic replacement  85 (1.0) 114 (1.3) 0.02    70.0 (1.1)     76.0 (1.2)  0.009 

   Mitral valve surgery  70 (0.9) 85 (1.0) 0.01    60.0 (1.0)     60.0 (1.0)  <0.001 

   Triscuspid valve surgery  5 (0.1) 10 (0.1) 0.02     4.0 (0.1)      7.0 (0.1)  0.02 

   CABG  450 (5.5) 538 (6.1) 0.03   379.0 (6.1)    364.0 (5.9)  0.01 

   VAD/ECMO 5 (0.1) 9 (0.1) 0.01     4.0 (0.1)      5.0 (0.1)  0.006 

   Other cardiac surgery 33 (0.4) 49 (0.6) 0.02    31.0 (0.5)     32.0 (0.5)  0.002 

Index Surgical Procedures - no. (%) 

   Aortic valve surgery   1098 (13.5) 1330 (15.2) 0.05   738.0 (11.9)    962.0 (15.6)  0.11 

   Aortic root replacement  2319 (28.5) 2497 (28.5) 0.001  1867.0 (30.2)   1807.0 (29.2)  0.02 

   Ascending aortic replacement  5878 (72.3) 6350 (72.5) 0.003  4364.0 (70.6)   4441.0 (71.9)  0.03 

   Aortic arch replacement  851 (10.5) 2193 (25.0) 0.39   571.0 (9.2)   1377.0 (22.3)  0.36 

   Descending thoracic aortic  

   replacement  76 (0.9) 119 (1.4) 0.04    46.0 (0.7)     78.0 (1.3)  0.05 

   Thoracoabdominal aortic  

   replacement  13 (0.2) 12 (0.1) 0.006     8.0 (0.1)     11.0 (0.2)  0.01 

   TEVAR  41 (0.5) 113 (1.3) 0.08    21.0 (0.3)     66.0 (1.1)  0.09 

   EVAR  8 (0.1) 11 (0.1) 0.008     3.0 (0.0)      8.0 (0.1)  0.03 

   Abdominal aortic replacement  24 (0.3) 15 (0.2) 0.03    20.0 (0.3)     12.0 (0.2)  0.03 

   CABG  2089 (25.7) 2092 (23.9) 0.04  1609.0 (26.0)   1616.0 (26.2)  0.003 

   Other valve surgery  5 (0.1) 3 (0.0) 0.01     2.0 (0.0)      3.0 (0.0)  0.008 

   Other cardiac surgery  135 (1.7) 205 (2.3) 0.05   110.0 (1.8)    161.0 (2.6)  0.06 

Transferred - no. (%) 2388 (29.4) 4448 (50.8) 0.45  1866.0 (30.2)   1866.0 (30.2)  <0.001 

Surgery at high-volume center - no. 

(%) 0 (0.0) 8761 (100.0) -     0.0 (0.0)   6179.0 (100.0)  - 

* Plus-minus values are means +/- standard deviation. Variables excluded from table though well-balanced (SMD <0.1): cataracts, glaucoma, 

osteoporosis, asthma, hyperparathyroidism, and depression. CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary  

disease; ECMO, extracorporeal membrane oxygenation; EVAR, endovascular aortic repair; SMD, standardized mean difference; TEVAR, 

thoracic endovascular aortic repair; VAD, ventricular assist device
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Supplemental Figure 1. Distributions of transfer rates at the (A, C) hospital- and (B, D) patient-level. The hospital transfer patterns demonstrate that most 
hospitals transfer all of their patients or none of their patients (A-B). Among hospitals that always transfer, patients are almost always transferred to a high-
volume hospital, or always to a low-volume hospital (C-D).

A   Distribution of hospital transfer rates for acute type A aortic dissection B   Distribution of patients presenting to hospitals with varying transfer rates for acute 
type A aortic dissection

C   Distribution of rates of hospital transfer to high-volume centers among hospitals 
that always transferred patients with acute type A aortic dissection

D   Distribution of patients presenting to hospitals with varying transfer rates to high-
volume centers among hospitals that always transferred patients with acute type A 
aortic dissection

Supplemental Figure 1. Distributions of transfer rates at the hospital- and patient-level
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Supplemental Figure 2. Distribution of predicted probabilities of the instrumental variable for each comparison. Patients demonstrated excellent regions of 
common support for predicted probabilities of the instrumental variable in comparisons of (A-B) transferring versus staying at the presenting hospital, (C-D) 
having surgery at high-volume versus low-volume hospitals, and (E-F) being rerouted to a high-volume versus not being rerouted to a high-volume hospital.

A   Transferred vs. stayed

B   Transferred vs. stayed

C   High-volume vs. low-volume

D   High-volume vs. low-volume

E   Rerouted to high-volume vs. not rerouted to high-volume

F   Rerouted to high-volume vs. not rerouted to high-volume

Supplemental Figure 2. Distribution of predicted probabilities of the instrumental variable for each comparison



33 
 

Supplemental Figure 3. Patient selection flow diagram. The figure demonstrates the reasons for excluding patients in order to arrive at a population of 
patients with acute type A aortic dissection who presented to hospitals that always transfer to high-volume centers, always transfer to low-volume centers, 
or never transfer patients with that diagnosis.

Supplemental Figure 3. Patient Selection Flow Diagram

Patients with Diagnosis of Aortic Dissection, 1999-2014 (n=54,813)

Excluded patients without proximal aortic surgery (n=33,712)
• Removed 33,388 patients without CPT code for proximal aortic surgery
• Removed 324 patients with CPT codes for proximal aortic surgery near, but not within dates of a 

hospitalization

Patients with Diagnosis of Aortic Dissection and Evidence 
of Proximal Aortic Surgery (n=21,101)

Patients with Acute Type A Aortic Dissection
(n=17,784)

Excluded patients with multiple transfers (n=898)
• Removed 858 patients with 2 interfacility transfers
• Removed 39 patients with 3 interfacility transfers
• Removed 1 patient with 4 interfacility transfers

Patients with Acute Type A Aortic Dissection and at Most 1 
Transfer (n=16,886)

Excluded patients that presented to hospitals that sometimes transferred, or transferred 
to a mix of low- and high-volume hospitals (n=7,930)
• Removed 5,252 patients that presented to a hospital with a transfer rate >0% and <100%
• Removed 1,518 patients that presented to a hospital that did not always transfer to high-volume or 

always transfer to low-volume hospitals
• Removed 153 patients that were transferred from high-volume hospitals (suspected misclassification 

error)
• Removed 1,007 patients that presented to cardiac surgery performing hospitals that observed <2 

patients with aortic dissection

Study Population: Patients with Acute Type A Aortic Dissection who Presented to Hospitals that “Always” Transfer to High-Volume 
Centers, ”Always” Transfer to Low-Volume Centers, or “Never” Transfer (n=8,956)

Excluded patients with chronic type A dissection (n=3,317)
• Removed 2,457 patients with surgery >14 days after diagnosis
• Removed 860 patients with first diagnosis of aortic dissection not within presenting or index 

hospitalization
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Supplemental Figure 4. Proportion of patients presenting to each category of hospital volume per year. The proportion of patients with an acute type A 
aortic dissection presenting to high-volume, low-volume, or no-volume hospitals did not change during the study period.

Supplemental Figure 4. Proportion of patients presenting to each category of hospital volume per year
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Supplemental Figure 5. Proportion of patients undergoing interfacility transfer per year in the United States. The proportion of patients with an acute type A 
aortic dissection who were transferred to another hospital or stayed at their initial hospital for surgery did not change during the study period.

Supplemental Figure 5. Proportion of patients undergoing interfacility transfer per year
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Supplemental Figure 6. Proportion of patients undergoing surgery at high- vs. low-volume hospitals per year. The proportion of patients with an acute type 
A aortic dissection who have surgery at high-volume versus low-volume hospitals in the United States did not change during the study period.

Supplemental Figure 6. Proportion of patients undergoing surgery at high- vs. low-volume hospitals per year
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Supplemental Figure 7. Operative mortality for repair of type A dissection at high and low-volume hospitals per year. The operative mortality for repair of 
acute type A aortic dissection among Medicare beneficiaries steadily declined during the study period at both high- and low-volume hospitals, but was 
consistently lower at high-volume hospitals in the United States.

Supplemental Figure 7. Operative mortality for repair of type A dissection at high and low-volume hospitals per year
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Supplemental Figure 8. Age dependent hazard of operative mortality after regionalization for repair of acute type A aortic dissection. The hazard ratio of 
death for patients rerouted to a high-volume hospital is plotted against age as a continuous variable. The dashed lines represent 95% confidence intervals 
obtained from bootstrap resampling. The horizontal black line at 1 denotes no difference between rerouting patients to have surgery at high-volume 
hospitals and not rerouting to high-volume hospitals. The relatively straight line between ages 45 to 80 suggests that the beneficial effect of regionalization 
may be independent of age. CI, confidence interval; HR, hazard ratio 

Supplemental Figure 8. Age dependent hazard of operative mortality after regionalization for repair of 
acute type A aortic dissection
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