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ABSTRACT

Background: This study examined changes in aortic 
dissection (AD) mortality from 2006 to 2017 and assessed 
the impact of weekday versus weekend presentation upon 
mortality.

Methods: This observational study analyzed all records 
in the Nationwide Emergency Department Sample (NEDS) 
database. NEDS aggregates discharge data from 984 hospi-
tals in 36 states and the District of Columbia in the United 
States of America. All patients with thoracic and thoracoab-
dominal AD recorded as their principal diagnosis were identi-
fied via ICD codes.

Results: Patient characteristics (weekday|weekend) 
count: 26,759|9,640, P = 0.016; age (years): 65.2 ± 15.8|64.7 
± 16.2, P = 0.016; women: 11,318 (42.3%)|4,086 (42.4), P 
= 0.883; Charlson comorbidity index: 2.3 ± 1.7|2.3 ± 1.6, P 
= 0.025. There were 36,399 ED visits with diagnosed AD. 
Annual AD diagnoses increased by 70% from 2006 to 2017. 
From 2012-2017, patients had lower in-hospital mortality 
(9.9% versus 11.9%, P < 0.001) compared with 2006-2011. 
Patients reporting during the weekend had higher in-hospital 
mortality (11.8% versus 10.4%, P < 0.001) compared with 
weekdays. On multivariable analysis, year of presentation 
remained independently associated with in-hospital mortal-
ity, with 2012-2017 being associated with reduced mortality 
(odds ratio (OR) 0.90, 95% CI: 0.82, 0.99, P = 0.031), as com-
pared with 2006-2011. Weekend presentation remained inde-
pendently associated with worse in-hospital mortality (OR 
1.17, 95% CI: 1.05, 1.29, P = 0.003) compared with weekday 
presentation.

Conclusion: Although AD mortality is decreasing, the 
patients presenting on the weekend were 13% more likely to 
die in the hospital compared with patients presenting during 
the week.

INTRODUCTION

While uncommon, aortic dissection (AD) is a life-threat-
ening medical emergency that requires prompt intervention 
– whether pharmacologic, endovascular, or surgical. Follow-
ing symptom onset, the risk of mortality increases 1-2% per 
hour for untreated AD, with roughly 50% of patients dying 
within the first 48 hours [Evangelista 2018; Hirst 1958; Pape 
2015]. AD also has been associated with significant morbid-
ity, including cardiac tamponade, aortic insufficiency, aortic 
rupture, aneurysm formation, and various malperfusion syn-
dromes of the central nervous system, abdominal viscera, 
and/or peripheral extremities [Evangelista 2018]. Thus, it is 
critical that patients presenting with symptoms of AD receive 
timely diagnosis and treatment to maximize their chances of 
a favorable outcome.

The International Registry of Acute Aortic Dissections 
(IRAD) reports that in-hospital mortality for Type A AD has 
significantly decreased from 31% to 22% between 1995 and 
2013, while in-hospital mortality has remained unchanged 
(12%-14%) for Type B AD over the same time-period [Pape 
2015]. However, the IRAD is a consortium of 52 large hos-
pitals in 12 countries, consisting entirely of academic tertiary 
referral centers; thus, IRAD findings may have limited gen-
eralizability to the broader experience of patients with AD in 
the United States of America.

The Nationwide Emergency Department Sample (NEDS) 
targets community emergency departments (ED), spanning 
all geographic regions of the United States, urban and rural 
location, teaching and non-teaching status, and all forms of 
hospital ownership. The NEDS database previously has been 
utilized to describe a variety of outcomes, including alcohol-
related admissions [White 2018], “out of hospital” cardiac 
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arrest [El Asmar 2019], and ocular injury [Ramirez 2018]. As 
such, the NEDS database may provide useful data for describ-
ing outcomes of a representative population of AD that may 
be more generalizable to patients across the United States.

The primary aim of this study was to assess the 10-year 
trends of in-hospital mortality for patients presenting to the 
ED with AD over the NEDS database timeframe (2006-
2017), as well as assess the impact of weekday versus weekend 
presentation upon in-hospital mortality.  We hypothesize that 
due to advances in medical care (and in line with IRAD obser-
vations), AD mortality will decrease; we further hypothesize 
and that mortality will be higher on weekends than weekdays.

MATERIALS AND METHODS

Patient population and study design: This was an obser-
vational study utilizing the NEDS database, which is part of 
the group of national databases developed for the Health-
care Cost and Utilization Project. Currently encompassing 
years from 2006 to 2017, the NEDS database is the largest 
ED database in the United States, containing greater than 30 
million visits annually, aggregating discharge data from 984 
hospitals in 36 states and the District of Columbia. (Supple-
mentary Table 1)

All patients who presented to the ED with “dissection of 
the aorta” were included in the study. These patients were 
identified by using the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) and the 
International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM), depending on the year 
of the ED visit. Patients with an AD-related code recorded 
as the principal diagnosis were identified. Codes 441.01 and 
441.03 were used to identify patients with ICD-9-CM codes, 
while codes I71.01 and I71.03 were used to identify patients 
with ICD-10-CM codes. These codes encompass thoracic 
and thoracoabdominal aortic dissections; therefore, this study 
excluded patients with isolated abdominal aortic dissections 
(441.02 and I71.02) and patients with aortic dissections at 
unspecified sites (441.00 and I71.00). Henceforth, this study’s 
patient population will be labeled “AD” for convenience.

The primary outcome of interest was in-hospital mortal-
ity (either in the ED or inpatient mortality), with year of ED 
visit (2006-2011 versus 2012-2017) and day of presentation 
to the ED (weekday versus weekend) being the two primary 
independent variables of interest. The weekday was defined 
as Monday through Friday, while the weekend was defined 
as Saturday or Sunday. This study was approved by the Insti-
tutional Review Board of the University of Pittsburgh with 
waived informed consent. The research team completed rel-
evant Healthcare Cost and Utilization Project training mod-
ules and signed the NEDS Data Use Agreement.

Statistical methods and analysis: Differences for base-
line demographic and clinical variables were described by 
year of ED visit (2006-2011 versus 2012-2017) and by day 
of presentation to the ED (weekday versus weekend). The 
distributional characteristics for variables were checked for 
normalcy. Continuous variables were presented as mean ± 

standard deviation for normally distributed data, or median 
and interquartile range (IQR) for non-normally distributed 
data. Categorical data were summarized using frequency and 
percentage. All tests were 2-sided with an alpha level of 0.05 
considered to indicate statistical significance. All statistical 
analyses were performed using STATA, version 15.0 (Stata 
Corporation, College Station, TX).

Student’s t-test was used to compare normally distrib-
uted continuous variables between groups, and the Wilcoxon 
rank-sum test was used for non-normally distributed continu-
ous variables. The Chi-squared or Fisher’s exact test was used 
to compare categorical variables between groups, as appro-
priate. The Cochran-Armitage test for linear trend was used 
to assess changes in the proportion of in-hospital mortality 
amongst patients with AD over the study’s timeframe.

Finally, a multivariable logistic regression model was built 
to identify variables associated with in-hospital mortality for 
patients presenting with AD. For the logistic regression, year 
of presentation, day of presentation, age, sex, primary payer, 
median household income, hospital region, hospital teaching 
status, and Charlson comorbidity index (CCI) were included 
in the model. Given the fact that CCI reflects a patient’s com-
posite baseline comorbidity, individual comorbidities were 
not included in the model. 

RESULTS

Baseline demographic and clinical variables: A total of 
36,399 ED visits had either thoracic or thoracoabdominal 
AD listed as the principal diagnosis, thereby constituting this 
study’s patient population. Figure 1 depicts the total annual 
AD from 2006 to 2017; it shows that annual AD increases 
over the study’s timeframe. (Figure 1) Specifically, the total 
number of AD presenting to the ED per year increased by 
70% over the study’s timeframe, from 2,591 in 2006 to 4,409 
in 2017.

Dividing the study’s timeframe in half, there were 16,600 
(45.6%) patients presenting from 2006 to 2011 and 19,799 
(54.4%) from 2012 to 2017. Table 1 lists the baseline char-
acteristics for the entire cohort analyzed by years of presen-
tation. (Table 1) During the 2012-2017 timeframe, patients 
were slightly younger, less likely to be female, more likely to 
have Medicaid, more likely to be in lowest quartile of median 
household income, more likely to present to southern and 
western hospitals, and more likely to present to a metropoli-
tan teaching hospital than in the 2006-2011 timeframe. Con-
versely, during the 2012-2017 timeframe, there was a higher 
proportion of comorbidities, higher overall CCI, and patients 
were more likely to have severe CCI.

The study cohort alternatively was stratified by weekday 
presentation versus weekend presentation to determine any 
baseline differences amongst patients by day of presenta-
tion. There were 26,759 (73.5%) patients during a weekday 
(Monday through Friday) and 9,640 (26.5%) during the week-
end (Saturday or Sunday). Table 2 lists baseline characteristics 
by day of presentation to the ED (weekday versus weekend). 
(Table 2) During the weekend, patients were slightly younger 
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and less likely to have chronic kidney disease. However, other 
demographic variables (including sex, primary payer, median 
household income, hospital region, and hospital teaching 
status) as well as other comorbidities (including congestive 
heart failure, cerebrovascular disease, chronic obstructive 
pulmonary disease, and diabetes mellitus) were otherwise 
similar by day of presentation.

In-hospital mortality and total length of stay: For the 
overall cohort, 3,913 (10.8%) patients died in the hospital. 

Table 3 lists total length of hospital stay and in-hospital mor-
tality, dichotomized by the primary independent variables 
of interest. From 2012 to 2017, patients with AD had lower 
overall in-hospital mortality, reduced mortality in the ED, 
and reduced inpatient mortality compared to 2006 to 2011. 
(Table 3)

Figure 2 and the Central Illustration depict overall in-hos-
pital mortality for patients with AD by year of presentation. 
(Figure 2) Specifically, the proportion of in-hospital mortality 

Table 1. Patients with thoracic or thoracoabdominal aortic dissection: emergency department presentations in 2006-2011 compared 
with 2012-2017

Variable 2006-2011 (N = 16,600) 2012-2017 (N = 19,799) P-value*

Age (years) 65.4 ± 16.2 64.8 ± 15.7 <0.001

Women 7136 (43.0) 8268 (41.8) 0.018

Primary payer - - <0.001

   Medicare 9079 (54.8) 10643 (53.8)

   Medicaid 1532 (9.2) 2490 (12.6)

   Private insurance 4168 (25.2) 4677 (23.7)

   Other 1795 (10.8) 1965 (9.9)

Median household income quartile for patient zip code - - <0.001

   Quartile 1 2146 (25.3) 5686 (29.3)

   Quartile 2 2167 (25.6) 4813 (24.8)

   Quartile 3 2188 (25.8) 4555 (23.5)

   Quartile 4 1969 (23.3) 4349 (22.4)

Hospital region - - <0.001

   Northeast United States of America 1558 (18.0) 3180 (16.1)

   Midwest United States of America 1922 (22.2) 4301 (21.7)

   South United States of America 3309 (38.1) 7915 (40.0)

   West United States of America 1886 (21.7) 4403 (22.2)

Hospital teaching status - - <0.001

   Metropolitan non-teaching 3491 (40.2) 5352 (27.0)

   Metropolitan teaching 4493 (51.8) 13053 (65.9)

   Non-metropolitan hospital 691 (8.0) 1394 (7.0)

Congestive heart failure 2713 (16.3) 2782 (18.1) <0.001

Cerebrovascular disease 1522 (9.2) 1559 (10.1) 0.004

Chronic obstructive pulmonary disease 3355 (20.2) 3191 (20.7) 0.246

Diabetes mellitus 2113 (12.7) 2317 (15.1) <0.001

Chronic kidney disease 2403 (14.5) 2935 (19.1) <0.001

Charlson comorbidity index 2.2 ± 1.6 2.4 ± 1.8 <0.001

   Mild 11307 (68.1) 7207 (63.0)

   Moderate 3943 (23.8) 2916 (25.5)

   Severe 1350 (8.1) 1318 (11.5)

*For continuous variables, P-values calculated by the Student’s t-test for normally distributed variables or the Wilcoxon rank-sum test for non-normally dis-
tributed variables. For categorical variables, P-values calculated by the Chi-squared or Fisher’s exact test, as appropriate. Values reported as frequency (%) for 
categorical variables and mean ± standard deviation or median (interquartile range) for continuous variables.
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decreased by 30% over the study’s timeframe, from 13.3% 
in 2006 to 9.3% in 2017, with a significant linear trend over 
time (P < 0.001, Cochran-Armitage test). Yet, there was simi-
lar total length of hospital stay (8.3 ± 11.0 versus 8.2 ± 10.6, 
P = 0.355) for each timeframe (2012-2017 versus 2006-2011). 

During the weekend (Table 3), patients with AD had 
higher overall in-hospital mortality (11.8% versus 10.4%) and 
worse inpatient mortality (10.1% versus 9.0%) even though 
there was similar mortality in the ED (P = 0.068). Figure 3 

depicts overall in-hospital mortality for patients with AD by 
day of presentation. (Figure 3) For patients presenting during 
the weekend, total length of hospital stay was slightly longer 
compared with patients presenting on a weekday.

Table 4 presents the demographic and clinical variables 
associated with in-hospital mortality for the overall cohort. 
(Table 4) On multivariable analysis, year of presentation 
remained independently associated with in-hospital mortal-
ity, with 2012-2017 being associated with reduced mortality 

Table 2. Patients with thoracic or thoracoabdominal aortic dissection: emergency department presentations on weekdays compared 
with weekends.

Variable Weekday (N = 26,759) Weekend (N = 9,640) P-value*

Age (years) 65.2 ± 15.8 64.7 ± 16.2 0.016

Women 11318 (42.3) 4086 (42.4) 0.883

Primary payer - - 0.391

   Medicare 14547 (54.4) 5175 (53.8)

   Medicaid 2965 (11.1) 1057 (11.0)

   Private insurance 6440 (24.1) 2405 (25.0)

   Other 2770 (10.4) 990 (10.3)

Median household income quartile for patient zip code - - 0.950

   Quartile 1 5775 (28.1) 2057 (28.2)

   Quartile 2 5156 (25.1) 1824 (25.0)

   Quartile 3 4990 (24.3) 1753 (24.0)

   Quartile 4 4648 (22.6) 1670 (22.9)

Hospital region - - 0.641

   Northeast United States of America 3498 (16.7) 1240 (16.6)

   Midwest United States of America 4617 (22.0) 1606 (21.5)

   South United States of America 8232 (39.2) 2992 (40.0)

   West United States of America 4648 (22.1) 1641 (21.9)

Hospital teaching status - - 0.264

   Metropolitan non-teaching 6554 (31.2) 2289 (30.6)

   Metropolitan teaching 12932 (61.6) 4614 (61.7)

   Non-metropolitan hospital 1509 (7.2) 576 (7.7)

Congestive heart failure 4068 (17.3) 1427 (16.8) 0.328

Cerebrovascular disease 2243 (9.5) 838 (9.9) 0.354

Chronic obstructive pulmonary disease 4822 (20.5) 1724 (20.3) 0.739

Diabetes mellitus 3262 (13.9) 1168 (13.8) 0.829

Chronic kidney disease 3990 (17.0) 1348 (15.9) 0.024

Charlson comorbidity index 2.3 ± 1.7 2.3 ± 1.6 0.025

   Mild 13503 (65.5) 5011 (67.4)

   Moderate 5111 (24.8) 1748 (23.5)

   Severe 1997 (9.7) 671 (9.0)

*For continuous variables, P-values calculated by the Student’s t-test for normally distributed variables or the Wilcoxon rank-sum test for non-normally dis-
tributed variables. For categorical variables, p-values calculated by the Chi-squared or Fisher’s exact test, as appropriate. Values reported as frequency (%) for 
categorical variables and mean ± standard deviation or median (interquartile range) for continuous variables.
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(odds ratio (OR) 0.90, 95% CI: 0.82, 0.99, P = 0.031), as 
compared with 2006-2011. Moreover, weekend presenta-
tion remained independently associated with worse in-hos-
pital mortality (OR 1.17, 95% CI: 1.05, 1.29, P = 0.003) 
as compared with weekday presentation. Other significant 
predictors of in-hospital mortality included age, primary 
payer, hospital region, hospital teaching status, and Charlson 
comorbidity index.

DISCUSSION

While AD has a reported incidence as low as 4.4 cases per 
100,000 person-years [DeMartino 2018], AD is nonetheless a 
life-threatening medical emergency that requires timely rec-
ognition, diagnosis, and treatment to maximize the chances of 
a favorable outcome. Utilizing data derived from the NEDS 
database, this study sought to determine if in-hospital mor-
tality has changed over the timeframe encompassed by the 
NEDS database (2006-2017). Several important findings 
emerge from this data that might inform cardiovascular spe-
cialists, emergency room physicians, and systems-level qual-
ity improvement initiatives. 

First, the total number of AD presenting to the ED per 
year increased by 70% over the study’s timeframe. Second, 
in-hospital mortality decreased 16.8% over the study’s time-
frame (10% decreased odds of mortality after 2012), despite 
a higher proportion of comorbidities in more recent years. 
Third, there may be a “weekend effect” given the 13% 
increase (17% increased odds) of in-hospital mortality during 
the weekend (as compared with weekdays), despite the similar 
proportion of baseline comorbidities across day of presen-
tation. Finally, both principal findings (i.e., improved mor-
tality over the study’s timeframe and the “weekend effect”) 
remained even after multivariable risk-adjustment. 

While the trend over time ought to encourage physicians 
caring for patients with AD, the “weekend effect” highlights 

an area for improving outcomes of this highly morbid and 
potentially lethal disease.

For the timeframe contemporaneous with this study (2006 
onward), the IRAD database reports that in-hospital mortal-
ity for Type A AD ranges from 20.8% to 21.7%, while in-
hospital mortality ranges from 7.7% to 14.1% for Type B AD 
[Pape 2015]. Conversely, other studies suggest that mortality 
may even be as low as 9% for AD [David 1999; Mehta 2002; 
Moon 2001; Zierer 2007; Lai 2002; Chiappini 2005; Lawton 
2015; Abe 2020]. In this study of NEDS, 10.8% of patients 
with AD died in the hospital, which resides in the lower end 
of the range reported in the literature.

There are numerous potential reasons for this discrepancy. 
First, this study was unable to distinguish Type A from Type 
B AD, with the latter type of dissection having lower mor-
tality than the former. ICD codes distinguish thoracic aortic 

Figure 1. Total number of patients presenting to the emergency depart-
ment with thoracic or thoracoabdominal aortic dissection by year of 
presentation.

Figure 2. In-hospital mortality for patients presenting to the emergency 
department with thoracic or thoracoabdominal aortic dissection by 
year of presentation.

Figure 3. In-hospital mortality for patients presenting to the emergency 
department with thoracic or thoracoabdominal aortic dissection by 
weekday versus weekend.
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Table 3. Patients with thoracic or thoracoabdominal aortic dissection: Total length of hospital stay (LOS) and in-hospital mortality 
for patients presenting to the emergency department by year (3A) and day of the week (3B).

3A

   Variable 2006-2011 (N = 16,600) 2012-2017 (N = 19,799) P-value*

      Total length of stay (days) 8.2 ± 10.6 8.3 ± 11.0 0.355

      In-hospital mortality 1961 (11.9) 1952 (9.9) <0.001

         Died in the ED 273 (1.7) 272 (1.4) 0.034

         Died in the hospital 1688 (10.2) 1680 (8.5) <0.001

3B

   Variable Weekday (N = 26,759) Weekend (N = 9,640) P-value*

      Total length of stay (days) 8.1 ± 10.6 8.5 ± 11.2 0.013

      In-hospital mortality 2781 (10.4) 1132 (11.8) <0.001

         Died in the ED 382 (1.4) 163 (1.7) 0.068

         Died in the hospital 2399 (9.0) 969 (10.1) 0.002

*For continuous variables, p-values calculated by the Student’s t-test for normally distributed variables or the Wilcoxon rank-sum test for non-normally dis-
tributed variables. For categorical variables, P-values calculated by the Chi-squared or Fisher’s exact test, as appropriate. Values reported as frequency (%) for 
categorical variables and mean ± standard deviation or median (interquartile range) for continuous variables. ED, emergency department; LOS, length of stay

Table 4. Multivariable logistic regression model for in-hospital mortality of patients presenting with thoracic or thoracoabdominal 
aortic dissection

Variable Odds Ratio 95% CI P-value

Year of presentation (ref: 2006-2011) 2012-2017 0.90 0.82, 0.99 0.031

Weekend presentation (ref: weekday) 1.17 1.05, 1.29 0.003

Age (years) 1.02 1.02, 1.03 <0.001

Sex (female) 0.97 0.88, 1.07 0.517

Primary payer (ref: Medicare)

   Medicaid 0.79 0.65, 0.97 0.027

   Private insurance 1.15 1.01, 1.32 0.037

   Other 1.36 1.14, 1.63 0.001

Median household income quartile for patient zip code (ref: Quartile 1)

   Quartile 2 0.99 0.87, 1.13 0.924

   Quartile 3 0.97 0.85, 1.11 0.659

   Quartile 4 0.95 0.82, 1.09 0.440

Hospital region (ref: Northeast)

   Midwest United States of America 1.17 1.00, 1.36 0.046

   South United States of America 1.19 1.03, 1.37 0.017

   West United States of America 1.17 1.00, 1.36 0.047

Hospital teaching status (ref: Metropolitan non-teaching)

   Metropolitan teaching 1.21 1.09, 1.34 <0.001

   Non-metropolitan hospital 0.67 0.53, 0.83 <0.001

Charlson comorbidity index (continuous) 1.03 1.00, 1.06 0.022
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dissections (encompassing DeBakey Type II and Type III 
A) from thoracoabdominal aortic dissections (encompassing 
DeBakey Type I and Type III B), as opposed to distinguish-
ing Type A and Type B AD. Moreover, the ICD codes were 
similarly unable to distinguish acute from chronic AD; how-
ever, prior reports suggest that chronic AD only represents 
2.6% of all AD [DeMartino 2018]. By implication, the overall 
mortality rate may be lower than expected because this study’s 
population includes Type B with Type A and includes acute 
with chronic AD.

Second, the NEDS database does not include outcomes of 
patients who were transferred from one hospital to another, 
which may have higher mortality. Furthermore, it is possi-
ble that the patients recorded in the NEDS are less complex 
and less acutely ill than the patients recorded in the IRAD 
database (large tertiary referral centers), potentially contrib-
uting to the lower mortality rate reported in NEDS. Alter-
natively, the population represented in the NEDS database 
may harbor some selection bias – with patients who die prior 
to the ED not being recorded in NEDS and patients with 
favorable outcomes who survive to the ED being included 
in the database. Whatever the explanation, it is nevertheless 
possible that this study’s mortality rate of 10.8% may more 
accurately reflect outcomes of AD for all-comers in the gen-
eral U.S. population.

According to IRAD [Evangelista 2018; Pape 2015], the 
National Inpatient Sample [Chikwe 2013; Zimmerman 
2016], and other single-institution studies [David 1999; 
Lawton 2015], short-term mortality of AD has improved 
over time, especially for Type A. This study of NEDS has 
similarly identified a trend in improved mortality for patients 
presenting to the ED with AD.  After multivariable risk-
adjustment, patients presenting with AD during 2012-2017 
were 10% decreased odds of dying in the hospital compared 
to 2006-2011. Notably, this trend appears to occur even 
though patients presented with higher proportion of comor-
bidities in more recent years (2012-2017). Prior studies have 
argued that the reductions in short-term mortality of AD 
over time may be due to more sensitive diagnostic modali-
ties, improved systems-level deployment of rapid interven-
tion, and enhanced multidisciplinary care [Evangelista 2018]. 
Perhaps most importantly, advances in operative technique 
and approach have reduced surgical mortality for Type A and 
Type B AD over time [David 1999; Mehta 2002; Moon 2001; 
Zierer 2007; Lai 2002; Chiappini 2005; Lawton 2015; Abe 
2020; Dufendach 2019; Sultan 2018; Sultan 2016; Trivedi 
2016; Vallabhajosyula 2017; Sultan 2017; Sultan 2016; Brown 
2020; Brown 2020], with endovascular interventions for Type 
B providing even greater gains in operative mortality [Fattori 
2008; Tolenaar 2014; Trimarchi 2006]. Regardless of cause, 
the reduction in mortality over time is an encouraging trend 
for the management of AD.

In addition to the advances noted above, numerous other 
modifiable risk factors have been studied to improve outcomes 
of AD. Aortic surgery performed “out of hours” (i.e., during 
the weekend or at night) has garnered recent attention, with 
some studies finding an adverse impact on mortality [Ahls-
son 2019; Groves 2014; Qiu 2018], while other studies have 

Supplementary Table 1. States participating in the 2017 
Nationwide Emergency Department Sample (NEDS) database.  
The percentage of the U.S. population accounted for by NEDS 
is 80.9%, from 74.8% in the northeast to 85.4% in the Midwest.

State HCUP Data Organization

AR Arkansas Department of Health

AZ Arizona Department of Health Services

CA Office of Statewide Health Planning and Development

CO Colorado Hospital Association

CT Connecticut Hospital Association

DC District of Columbia Hospital Association

FL Florida Agency for Health Care Administration

GA Georgia Hospital Association

IA Iowa Hospital Association

IL Illinois Department of Public Health

IN Indiana Hospital Association

KS Kansas Hospital Association

KY Kentucky Cabinet for Health and Family Services

MA Massachusetts Center of Health Information and Analysis

MD Maryland Health Services Cost Review Commission

ME Maine Health Data Organization

MN Minnesota Hospital Association

MO Missouri Hospital Industry Data Institute

MS Mississippi State Department of Health

MT Montana Hospital Association

NC North Carolina Department of Health and Human Services

ND North Dakota (data provided by the Minnesota Hospital Association)

NE Nebraska Hospital Association

NJ New Jersey Department of Health

NV Nevada Department of Health and Human Services

NY New York State Department of Health

OH Ohio Hospital Association

OR Oregon Association of Hospitals and Health Systems, Oregon 
Office of Health Analytics

RI Rhode Island Department of Health

SC South Carolina Revenue and Fiscal Affairs Office

SD South Dakota Association of Healthcare Organizations

TN Tennessee Hospital Association

UT Utah Department of Health

VT Vermont Association of Hospitals and Health Systems

WI Wisconsin Department of Health Services

WY Wyoming Hospital Association

Adapted from: 2017 Introduction to the NEDS. Healthcare Cost and Utilization 
Project (HCUP). August 2020. Agency for Healthcare Research and Quality, Rock-
ville, MD. www.hcup-us.ahrq.gov/db/nation/neds/NEDS_Introduction_2017.jsp
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found no difference [Mehta 2005; Arnaoutakis 2020]. In this 
study, patients presenting on the weekend had 17% increased 
odds of dying compared with patients presenting during the 
week after multivariable risk-adjustment.

Numerous explanations might explain this “weekend 
effect” on mortality. First, it is possible that patients may 
present with a different proportion of comorbidities or demo-
graphic characteristics; however, in this study, baseline demo-
graphic and clinical variables were similar across the weekend 
group and the weekday group. Conversely, it is possible that 
weekend providers may be more fatigued, hospital staffing 
may be limited, or there may be diagnostic and management 
delays. Moreover, clinical decision-making may be different 
during the weekend – i.e., there may be different rates of 
hemiarch, total arch, or frozen elephant trunk operations for 
Type A AD or there may be different rates of medical versus 
endovascular versus surgical management of Type B AD.

This study suggests another potential explanation for the 
weekend effect when examining ED versus hospital mortal-
ity. When focusing only on ED mortality, the weekend was 
not statistically different than weekdays. Meanwhile, inpa-
tient hospital mortality was significantly worse (10.1% versus 
9.0%) during the weekend.  This may suggest that patients 
who report on weekdays are receiving more timely diagno-
sis or rapid consultation with the appropriate inpatient ser-
vices than weekend patients. Whatever the explanation for 
the “weekend effect,” this study highlights an opportunity 
for systems-level quality improvement, including dedicated 
multidisciplinary aortic surgery teams, 24-7 “on-call” staff-
ing and resources (e.g. neurophysiology and perfusion teams), 
and institutional protocols for treating AD [Andersen 2016].

LIMITATIONS

There are important limitations to this analysis. First, 
this study utilized existing observational data; as such, this 
cohort is heterogeneous in terms of baseline patient charac-
teristics, standards of care, and clinical decision-making, as 
well as operative technique and approach across participat-
ing institutions. Second, this study lacks certain granular data 
that might help unearth explanations for the overall mortality 
findings, including time from symptom onset to treatment, 
treatment specific variables (medical versus surgical versus 
endovascular), and operative differences (e.g., extent of proxi-
mal and distal repair as well as central nervous system protec-
tion strategies). Third, this study was unable to determine the 
outcomes of patients that were transferred from one hospital 
to another, which is a clinically relevant subgroup of patients 
with AD.

Fourth, this study was unable to distinguish Type A from 
Type B AD, which is a meaningful distinction that entails dif-
fering natural history, dictates differing treatment paradigms, 
and consequently has implications for outcomes. Specifically, 
CPT codes that define specific treatments would not only 
serve as surrogate data for Stanford classification, but also 
would help elucidate trends in clinical decision-making and 
outcomes after each treatment modality; however, CPT data 

was unavailable. Moreover, the ICD codes were similarly 
unable to distinguish acute from chronic AD; however, prior 
reports suggest that chronic AD only represents 2.6% of all 
AD [DeMartino 2018]. 

Finally, it should be noted that “big data” analyses with 
extremely large sample sizes, such as this study of the NEDS 
database, tend to detect even small magnitudes of differ-
ences in the data. Statistical significance may not have clini-
cal relevance, however. For example, weekend mortality rose 
by 13% in this study (from 10.4% to 11.8%) – a statistically 
significant finding that also contradicts prior reports [Mehta 
2005; Arnaoutakis 2020]. Further research could determine 
whether this is clinically meaningful or if this finding merely 
is a statistical artifact of an over-powered dataset. Neverthe-
less, while this study should be augmented by findings from 
single-institutional analyses with the availability of more 
granular data, this study provides relevant information con-
cerning national mortality data in a diverse, but representa-
tive, sample population that may be generalizable to patients 
with AD.

To our knowledge, this is the first study utilizing the 
NEDS database to report nationwide outcomes and trends 
in AD.  This may be relevant to cardiovascular specialists, 
emergency medicine doctors, and systems-level administra-
tors in the United States of America. The total number of AD 
presenting to the ED per year is significantly increasing over 
time. Moreover, there may be a “weekend effect” for AD with 
patients having worse in-hospital mortality during the week-
end compared to weekdays. Nevertheless, the proportion of 
patients with in-hospital mortality is significantly decreas-
ing over time. While this improvement ought to encourage 
physicians, these findings highlight the weekend as an impor-
tant focus for improving outcomes of this highly morbid and 
potentially lethal disease.
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