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Objective: The purpose of this was to investigate, if there is a difference in cost and outcomes of Aortic surgery in teaching 
hospitals as compared to non-teaching hospitals.

Methods:  The Healthcare Cost and Utilization Project (HCUP), sponsored by The Agency for Healthcare Research and 
Quality’s (AHRQ), includes the largest collection of longitudinal hospital care data in the United States of America. HCUP 
creates the National Inpatient Sample (NIS) to help conduct national and regional analyses of inpatient care. Using the NIS 
(2001-2012), we performed a retrospective cohort study that involved patients who underwent vascular. Bypass surgery involv-
ing major abdominal vessels. To identify these patients we used ICD (International Classification of Diseases) 9 procedure code 
39.25. Using statistical analysis we compared the inpatient short term outcomes of these patients treated at teaching hospitals to 
non-teaching hospitals. Unweighted, it contains data from more than 7 million hospitalized patients stay each year. Weighted, it 
estimates more than 36 million hospitalizations nationally taken from more than 4,000 HCUP participating hospitals.

Results:  A total of 15274 patients were analyzed from 2011-2012. There has been a marked decline in rate of Aortic bypass 
procedures per 100,000 discharges from 6.3 to 2.8 over the years 2001 to 2012.Also in these cases Routine discharges have de-
creased, the cost of stay and utilization of nursing home, rehabilitation and home health care has increased since 2001. There is 
no significant difference in inpatient mortality between teaching (3.06%) and non-teaching hosp. (4.21%). At teaching hospitals 
the cost of the admission for these aortic procedures was 6000$ higher, the length of stay was longer. Overall the use of nursing 
home, rehabilitation and home health care is more by the academic hospitals. But there is no difference in utilization of these 
facilities when it is analyzed relative to total number of procedures, between teaching and non-teaching hospitals.

Conclusions: Teaching hospitals has similar mortality for aortic bypass procedures as compared to nonteaching hospitals but 
at a higher cost of re-admission and prolonged hospitalization. 
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Introduction

The university hospitals usually under pressure to 
face challenges for more complicated cases, patient care 
and research activities.[1-5]  The Committee on Quality 
of Health Care in America, of the “Institute of Medi-
cine”  concluded that it is not acceptable for patients to 
be harmed by the health care system that is supposed 
to offer healing and comfort-- a system that promises, 
‘First, do no harm’[6]  Similarly it is our duty to main-
tain high standards of medical training for the doctors 
and other medical professionals of the future, at hospi-
tals, without compromising any patient safety issues. 
Tremendous effort has been put in to implement and as-
sess these two fundamental goals of academic medical 
institutions.  There are different studies looking at the 
impact of trainees involved in surgical cases, showing 
difference in operating time and transfusion require-
ments etc.[7] We wanted to see how adding teaching to 
health care institutions would actually impact treatment 
of surgery patients. To investigate that we decided to 
look at the multiyear data provided by The Agency for 
Healthcare Research and Quality’s (AHRQ).[8]

Materials and Methods

AHRQ’s mission is to produce evidence to make 
health care safer, higher quality, more accessible, equi-
table, and affordable. The Healthcare Cost and Utiliza-
tion Project (HCUP) is a family of databases and related 
software tools and products developed through a Feder-
al-State-Industry partnership and sponsored by AHRQ.
HCUP includes the largest collection of longitudinal 
hospital care data in the United States. The data in the 
HCUP databases primarily include data from non-federal 
community hospitals. HCUP creates the National Inpa-
tient Sample (NIS) to make it possible for researchers 
to conduct national and regional analyses of hospital 
use and the hospital charges and costs associated with 
inpatient care. The NIS is derived from the State Inpa-
tient Databases (SID) and approximates a 20% sample 
of discharges from all HCUP community hospitals in the 
U.S. The NIS is the largest publicly available all-payer 
inpatient health care database in the United States, yield-
ing national estimates of hospital inpatient stays. Un-
weighted, it contains data from more than 7 million hos-

pital stays each year. Weighted, it estimates more than 36 
million hospitalizations nationally taken from more than 
4,000 HCUP participating hospitals.

We wanted to primarily assess the impact of the aca-
demic status of the institutions on patient outcome of 
surgery patients. Hence we picked up a group of sur-
geries performed at hospitals, which would have re-
quired multidisciplinary perioperative and intraopera-
tive management. With this in mind, using the National 
Inpatient Sample database, we performed a retrospec-
tive cohort study that involved patients who underwent 
vascular Bypass surgery involving major abdominal 
vessels. The Institutional Review Board approval was 
waived. To identify these patients we used ICD 9 CM 
procedure code 39.25.[9] This code includes the follow-
ing procedures aorto-femoral, aorto-iliac, aorto-iliac to 
popliteal, aorto-popliteal and ilio-femoral bypass. Then 
using national estimates, we identified associations of 
patient demographics, and hospital characteristics with 
inpatient postoperative outcomes. We queried our de-
sired ICD 9 code using HCUP net, which is a free, on-
line query system based on NIS data. 

The definition of all the patients, hospital demo-
graphics and outcome measures are available on HCUP 
net. We first analyzed the national trends of this ICD 
code from year 2001 to 2012. Then we restricted the 
discharges to Operating room procedures only, which 
are defined as “valid O.R. procedures” based on Diag-
nosis Related Groups coding principles .Then we did a 
detailed analysis of 2012 data, so that we can have out-
comes representing the most recent advances in medi-
cal care provided in the latest academic environment. 
Using this data we did stratification based on the teach-
ing status of the institution. 

According to NIS a hospital is considered a teaching 
hospital if it meets any one of the following three criteria: 
Residency training approval by the Accreditation Council 
for Graduate Medical Education (ACGME),Membership 
in the Council of Teaching Hospitals (COTH) or A ratio 
of full-time equivalent interns and residents to beds of 25 
or higher. We analyzed 2012 variables “Urban nonteach-
ing” and “Urban teaching” and their effect on mortal-
ity and discharge status. In addition we also investigated 
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effect of hospital volume and geographical location on 
inpatient outcomes.

We used Excel and HCUP Z score calculator for our 
statistical analysis. We considered a p value of less than 
0.05 for significance. For continuous data we analyzed 
the actual numbers and for dichotomous data we used 
percentage comparisons to get a more meaningful result.

Results
NIS database in the United States, unweighted, contains 
data from more than 7 million hospital stays each year. 
Weighted, it estimates more than 36 million hospitali-
zations nationally taken from more than 4,000 hospi-
tals. A total of  152,474 patients were discharged with a 
primary ICD procedure  code of  major abdominal vas-
cular procedures (39.25) from 2001 to 2012. There was 
a decline (significant p value  <0.05)  in total discharges 
(from 18065 to 8755) and rate of discharge  per 100,000 
persons  (6.3 to 2.8)from 2001 to 2012. (Figure 1). The 
Length of stay remained constant around 8 days during 
this time period. 

The total charges of these procedures (ICD code 
39.25) has increased significantly to more than 100,000$ 
in 2012 which was more than double of what it was 
in 2001. Also there is a significant decrease of 10% in  
routine discharges but no difference in discharge to 
another short term hospital since 2001.There is a 3 % 
increase in use of nursing home, rehabilitation institu-
tions and 8% increase in home health care since 2001. 
There is a statistically significant decrease in number of 
deaths from 2001 to 2012 i.e. 794 to 305 respectively 
but the percentage decrease in mortality from 4.39% to 
3.48% (p value 0.09) has a decreasing trend but (at p 
value of 0.05) is not significant.

Total of 8755 patients were discharged with this ICD 
code in 2012.In 2012 60% patients were males, Medi-
care was the payer of 50% patients and 30% patients 
had insurance.78% admissions were at private-not for 
profit institutions, 60 % were at teaching hospitals and 
47% patients were from south region.

In total 5230(60%)were from urban teaching hospi-

Figure 1. 2001-2012 National statistics (ICD code) 39.25 for Aortic Bypass. Weighted national 
	  estimates from HCUP National Inpatient Sample (NIS).
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tals and 2970(34%)were from non-teaching hospitals. 
6% patients were from rural hospitals ,so their data 
were not included in further analysis of 2012 data. 

There were significantly more discharges from ur-
ban teaching hospitals (Table 1). Discharges from te-
aching hospitals had statistically significant differenc-
es as compared to nonteaching hospitals, including a 
longer length of stay, more cost of treatment, less rou-
tine discharges, more discharges to nursing home and 
rehab and more utilization of home health care when 
total numbers were analyzed. When we did comparison 
based on percentage differences there was no statisti-
cal difference between routine discharges, discharges to 
nursing home and rehab and utilization of home health 
care. Although there was a lower Inpatient mortality, by 
1%, at teaching hospitals, this difference was not statis-
tically significant.

We analyzed risk factors for higher mortality (Table 
2). Risk factor for higher mortality was age of 65 to 84 
and factors that did not have statistically different im-

pact on mortality included sex of the patient, teaching 
status of the hospital, geographical location, and me-
dian income for the zip code, ownership type and size 
of the hospital.

Discussion

We had a large number of patient population and very 
reliable data source to analyze. But these databases are 
derived from billing data and some useful data, such as 
pharmacy and laboratory information, are not included. 
Also, as with any administrative healthcare database, 
there may be issues with coding accuracy. But still with 
a large number of patients, very useful assumptions can 
be made. There are different aortic procedures included 
in our research design, which in turn vary in complex-
ity and periprocedural risk of death and complications. 
The decrease in overall rate of these procedures over 
the years probably corresponds to the increase in endo-
vascular procedures. That probably also has an impact  
on increase in the complexity of these procedures. As 
more complicated procedures are being performed as 

2012 year Non-teaching 
Hosp.

Urban Teaching 
Hosp.

P value (two tail)

Total number of discharges 2970 5230 0.00 (significant)

LOS (length of stay), days (mean) 7.7 9.2 0.00 (significant)

Costs, $ (mean) 25237 31579 0.00 (significant)

In-hospital deaths 125 (4%) 160 (3%) 0.23 (non sign % diff.)

Routine Discharge 1855 (62%) 3060(59%) 0.15 (nonsign % diff)

Discharge to Another institution 
(nursing home, rehab)

435 (15%) 895 (17%) 0.20 (nonsign % diff)

Home health care 510 (17%) 1050(20%) 0.20 (nonsign % diff)

Table 1. Academic status of the hospital and Inpatient Postop. outcomes  of vascular surgery 		
	  patients( ICD 9 39.25 Aorta-Iliac-Femoral Bypass)

Weighted national estimates from HCUP National Inpatient Sample (NIS), 2012.Significant at p<.05
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All discharges

Total number 
of discharges

In-hospital 
deaths

Z test between % of
 in hospital deaths

8,755 
(100.00%)

305 
(3.48%)

P value
(two tail)

Age group

<1 * *

0.00
(significant) Between 

45-64 and 65-84

1-17 * *

18-44 265 (3.03%) *

45-64 4,935 (56.37%) 85 (1.72%)

65-84 3,425 (39.12%) 200 (5.84%)

85+ 120 (1.37%) *

Sex Male 5,230 (59.74%) 185 (3.54%) 0.09 
(Non sig) Male and femaleFemale 3,525 (40.26%) 120 (3.40%)

Payer

Medicare 4,370 (49.91%) 220 (5.03%)

Medicaid 1,035 (11.82%) *

Private insurance 2,540 (29.01%) *

Uninsured 480 (5.48%) *

Other 275 (3.14%) *

Missing * *

Median income 
for Zip code

Low 2,905 (33.18%) 95 (3.27%) 0.64 (non significant) 
Low vs. Not LowNot low 5,695 (65.05%) 210 (3.69%)

Owner

Government 840 (9.59%) * 0.09  (non significant)
Private Not for profit vs. 

private for profit
Private, not-for-profit 6,795 (77.61%) 210 (3.09%)

Private, for-profit 1,120 (12.79%) 65 (5.80%)

Location / 
teaching 
status

Rural 555 (6.34%) * 0.23  
(non significant)

Nonteaching vs. teaching
Urban nonteaching 2,970 (33.92%) 125 (4.21%)

Urban teaching 5,230 (59.74%) 160 (3.06%)

Bedsize

Small 860 (9.82%) * 0.21 
(non significant)

Medium vs. Large
Medium 1,820 (20.79%) 80 (4.40%)

Large 6,075 (69.39%) 180 (2.96%)

Region

Northeast 1,275 (14.56%) *
0.377 

(non significant)
Midwest vs. south

Midwest 2,445 (27.93%) 100 (4.09%)

South 4,135 (47.23%) 130 (3.14%)

West 900 (10.28%)

Table 2. 2012 National statistics (ICD code) 39.25 Aorta-Iliac-Femor Bypass Mortality

Weighted national estimates from HCUP National Inpatient Sample (NIS), 2012. Statistics based on estimates with a relative standard error 
(standard error / weighted estimate) greater than 0.30 or with standard error = 0 are not reliable. These statistics are suppressed and are desig-
nated with an asterisk (*).Significant at p<.05
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open aortic bypasses, we expect more utilization of re-
habilitation and nursing homes. That could be one of 
the reasons for that change over the decade studied.

Teaching hospitals have an increased cost and long-
er stay for surgical admissions. As any one vascular 
procedure can be performed for different reasons that 
reflect different levels of disease severity, which can 
influence unadjusted rates of events. For instance, the 
same aorto-femoral bypass can be performed for gan-
grene of the foot to prevent amputation, or alternatively 
for intermittent claudication or an aneurysmal condi-
tion. Comparison of outcomes among different vascular 
surgery practices must therefore account for potential 
differences in the range of procedures being performed. 
If teaching hospitals are undertaking more complicat-
ed procedures then some of the differences can be ex-
plained. From our study, we assumed that there is no 
significant different between teaching and non teaching 
hospitals mortality rate. And if that is the case then hav-
ing a similar mortality hints towards providing better 
care. It could be that the trainees order more diagnostic 

tests and assess discharge disposition differently than 
consultant physicians?

Limitations

We used national database, where we have limita-
tions in some data and some parameters to assess inves-
tigations level. Having 30 day mortality data and more 
detail of patient demographics will help us throw more 
light on quality of care.

Conclusion

Teaching hospitals has similar mortality for aortic 
surgery procedures as compared to non-teaching hos-
pitals but at a higher cost of admissions and prolonged 
hospitalization.
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