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Abstract

Background: Acute cholangitis (AC) is a serious condition caused 
by partial or complete obstruction of the common bile duct (CBD), 
leading to biliary tract infection. We aimed to evaluate whether teach-
ing hospitals with trainees and non-teaching hospitals impact the out-
come of AC in the United States.

Methods: This study utilized the National Inpatient Sample data-
base to analyze adult hospitalizations (> 18 years old) with a primary 
diagnosis of AC in the USA from 2016 to 2020. A multivariate lo-
gistic regression along with Chi-square and t-tests was performed 
using SAS 9.4 software to analyze inpatient AC-associated mortal-
ity, inflation-adjusted total hospitalization costs (THC), and length 
of stay (LOS) in US teaching and non-teaching hospitals during the 
study period.

Results: This study included a total of 30,300 patients, out of whom 
23,535 (about 78%) were managed in teaching hospitals and 6,765 
(about 22%) were managed in non-teaching hospitals. Primary out-
comes showed a significant increase in mortality for patients managed 
in teaching hospitals (2.77% vs. 2.08%, P = 0.01) in comparison to 
non-teaching hospitals, hospital LOS was slightly higher in teaching 
hospitals (5 days (interquartile range (IQR): 3 - 6) vs. 4 days (IQR: 
3 - 8)) and so did hospital cost ($15,259 vs. $14,506) in comparison 
to non-teaching hospitals. Secondary outcomes showed that patients 
in teaching hospitals had higher incidence of septic shock (16.06% vs. 
12.53%, P < 0.0001), intensive care unit (ICU) admissions (6.61% vs. 
5.07%, P = 0.0002), and intubation (5.30% vs. 3.46%, P < 0.0001) in 
comparison to non-teaching hospitals.

Conclusion: Our study found higher mortality rates for AC patients in 
teaching hospitals compared to non-teaching hospitals. Teaching hos-
pitals also had higher rates of septic shock, ICU admission, and intuba-
tion, with no difference in endoscopic retrograde cholangiopancreatog-
raphy (ERCP) use. These differences could be due to several factors, 
such as greater resident and fellow autonomy in teaching hospitals and 
a potentially more proactive approach by physicians in non-teaching 
hospitals. Additionally, teaching hospitals often manage more complex, 
higher-acuity cases, which could contribute to worse outcomes.

Keywords: Acute cholangitis; Teaching hospitals; Outcomes; Hos-
pital mortality; Hospital charges; Hospital length of stay; National 
Inpatient Sample database

Introduction

Acute cholangitis (AC) also referred as ascending cholangitis 
is a potentially life-threatening condition caused by partial or 
complete obstruction of the common bile duct (CBD), leading 
to infection of the biliary tract and characterized by abdominal 
pain, fever, and jaundice. Obstruction primarily occurs due to 
gallstones. In certain cases, benign biliary strictures and malig-
nancy may be culprit. Due to its severity and the risk of rapid 
clinical deterioration, AC requires immediate medical atten-
tion and prompt treatment. Current mortality rate in AC varies 
between 2% and 10% [1-3]. Delays in management can result 
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in septic shock, which is the most common cause of death in 
AC [4, 5]. Treatment typically involves supportive care, ad-
ministration of broad-spectrum antibiotics, and timely biliary 
drainage, which should be performed urgently (within 24 h) or 
early (within 24 - 48 h) via endoscopic retrograde cholangio-
pancreatography (ERCP) [6, 7].

In the United States, hospitals are typically categorized 
into teaching and non-teaching institutions, based on their in-
volvement in medical education. Teaching hospitals serve as 
training grounds for medical students, residents, subspecialty 
fellows, and other healthcare trainees, providing them with 
hands-on experience under the guidance of academic physi-
cians. The effect of a hospital’s teaching status on patient safety 
and care outcomes remains uncertain [8]. While some studies 
have suggested that teaching hospitals offer higher quality care 
and better patient outcomes compared to non-teaching hospi-
tals, more recent research indicates that teaching status may 
have little to no significant impact on overall clinical outcomes 
[8-13]. However, outcomes may vary depending on specific 
disease and patient characteristics [9]. Additionally, certain 
studies have noted that teaching hospitals might experience 
higher rates of iatrogenic injuries, although the reasons for this 
discrepancy remain unclear [14].

Previously, multiple studies have been done to compare 
the outcomes of upper gastrointestinal (GI) bleeding in teach-
ing and non-teaching hospitals [15-17]. It has been studied 
about the impact of timing of ERCP, racial, and ethnic dispari-
ties on the outcomes of AC in the USA [6, 18, 19]. Lack of 
study to compare outcomes in teaching and non-teaching hos-
pitals for AC has prompted us to do first ever study to evaluate 
the impact of the teaching status of healthcare institutions on 
the disease-specific outcomes of AC in the United States.

Materials and Methods

Study design, database description, and data availability

This retrospective, cross-sectional study utilized the Nation-
wide Inpatient Sample (NIS) to analyze hospitalizations in the 
United States from 2016 to 2020. The NIS, a component of the 
Healthcare Cost and Utilization Project (HCUP) maintained 
by the Agency for Healthcare Research and Quality (AHRQ), 
is one of the largest publicly available, all-payer databases. 
Derived from billing data submitted by hospitals to statewide 
data organizations, the NIS provides a weighted dataset repre-
senting over 35 million hospital admissions annually, covering 
97% of the US population. It approximates a 20% stratified 
sample of discharges from US community hospitals, allowing 
for the generation of national estimates. The dataset includes 
key information such as patient demographics, hospital char-
acteristics (e.g., size and location), primary discharge diag-
nosis, and procedures performed during hospital stays. Since 
October 2015, the NIS has been coded using the International 
Classification of Diseases, Tenth Revision, Clinical Modifica-
tion/Procedure Coding System (ICD-10-CM/PCS). As a pub-
licly accessible, de-identified database, it does not require In-
stitutional Review Board (IRB) approval for use.

Study population and variables

This study included all adults (aged > 18 years) admitted to US 
hospitals with a primary diagnosis of AC from 2016 to 2020, 
identified using ICD-10 codes from the NIS database. Patients 
under 18 years of age were excluded. The study population 
was divided into two subgroups based on the NIS classifica-
tion of hospital type: 1) teaching hospitals: hospitals with one 
or more Accreditation Council for Graduate Medical Educa-
tion (ACGME)-approved residency programs, membership 
in the Council of Teaching Hospitals (COTH), or a ratio of 
full-time equivalent interns and residents to beds of 0.25 or 
higher; and 2) non-teaching hospitals: hospitals not meeting 
the criteria for teaching hospitals.

Outcomes were categorized into two groups: 1) primary 
outcomes: in-hospital mortality, hospital length of stay (LOS), 
and total hospitalization costs (THC), adjusted for inflation to 
2020 values using the AHRQ Medical Expenditure Panel Sur-
vey (MEPS) 2020 Index for inpatient hospital care as a refer-
ence; and 2) secondary outcomes: incidence of septic shock, 
ICU admission, requirement for intubation, central venous 
catheter (CVC) placement, ERCP utilization, and associated 
conditions such as choledocholithiasis, gallstone pancreatitis, 
primary sclerosing cholangitis (PSC), and biliary stricture.

All primary and secondary outcomes were compared be-
tween teaching and non-teaching hospitals, with trends ana-
lyzed over the 2016 - 2020 period.

In addition, hospitalization trend in relation to patient de-
mographics, insurance status, median household income, hos-
pital location (four main regions based upon the United States 
Census Bureau), presence of other comorbidities (congestive 
heart failure (CHF), hypertension (HTN), diabetes mellitus, 
alcohol abuse, and liver cirrhosis) was analyzed.

Statistical analysis

All analyses were conducted using SAS 9.4 (SAS Institute). 
Weighted values provided by HCUP were applied to generate 
nationally representative estimates. Descriptive statistics were 
used to characterize the study population, and Chi-square and 
t-tests were conducted to assess differences in categorical and 
continuous variables, respectively. Descriptive statistics were 
presented as the mean with standard deviation (SD) for con-
tinuous variables and as counts with percentages for categori-
cal variables. Associations between demographic variables, 
comorbidity profiles, hospital characteristics, and both prima-
ry and secondary outcomes were assessed using the Mantel-
Haenszel design-adjusted Chi-square test, which accounts for 
the stratified survey design. Differences in median age, median 
LOS, and median THC were analyzed using a weighted regres-
sion model. Trends over time were analyzed using Chi-square 
tests for trend or t-tests, as appropriate. Multivariable logistic 
regression was employed to calculate odds for other outcomes.

Propensity score matching (1:1) was performed to adjust 
for baseline differences, including patient demographics, insur-
ance types, median household income quartiles, comorbidities, 
and hospital characteristics. Adjusted odds ratios (ORs) with 
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95% confidence intervals (CIs) were reported. A P-value of ≤ 
0.05 was considered statistically significant for all analyses.

Ethical considerations

As the NIS database is de-identified and does not contain pa-
tient or hospital-specific information, our study is exempt from 
Institutional Review Board (IRB) approval based on our in-
stitution’s guidelines for HCUP-NIS database research. This 
study was carried out in compliance with ethical principles 
governing human research and the Helsinki Declaration.

Results

Patient characteristics and hospital characteristics

A total of 30,300 patients diagnosed with AC and treated in the 
United States from 2016 to 2020 were included in this study. 
Of these, 23,535 (about 78%) were treated in teaching hospitals, 
while 6,765 (about 22%) received care in non-teaching hospitals.

Over the 5-year period, trends for teaching hospitals 
showed that approximately half of the patients were female 

and over 65% were Caucasian. The mean age in this group 
was 70 ± 36 years. Similarly, trends for non-teaching hospitals 
indicated that nearly half of the patients were female and more 
than 70% were Caucasian. The mean age in this group was 71 
± 35 years. Baseline patient characteristics for non-teaching 
and teaching hospitals during 2016 - 2020 are summarized in 
Tables 1 and 2.

Comparison showed more female patients in non-teaching 
hospitals (51.19% vs. 48.89%, P = 0.008), more Caucasian in 
non-teaching patients (77.86% vs. 72.71%), but more African 
American (4.61% vs. 3.61%) as well as other population in 
teaching hospitals (22.67% vs. 18.52%) (P < 0.0001). Patients 
admitted in non-teaching hospitals had more comorbidities 
like CHF and HTN, while teaching hospitals had more patients 
with alcohol use disorder and liver cirrhosis. A comparison of 
baseline patient characteristics between the two groups is sum-
marized Table 3.

Primary outcomes

Inpatient mortality

Inpatient mortality remained relatively stable over the 5-year 

Table 1.  Baseline Patient Characteristics of Acute Cholangitis in Non-Teaching Hospitals

2016 2017 2018 2019 2020
Total, 6,765 1,575 1,410 1,435 1,230 1,110
    Female 895 (56.83%) 790 (56.03%) 630 (43.75%) 620 (50.41%) 530 (47.75%)
Comorbidities
    Alcohol 50 (3.17%) 35 (2.48%) 40 (2.78%) 30 (2.44%) 25 (2.25%)
    CHF 205 (13.02%) 245 (17.38%) 235 (16.32%) 210 (17.07%) 135 (12.16%)
    Hypertension 1,030 (65.40%) 980 (69.50%) 1,065 (73.96%) 885 (71.95%) 785 (70.72%)
    Diabetes mellitus 475 (30.16%) 460 (32.62%) 465 (32.29%) 370 (30.08%) 280 (25.23%)
    Cirrhosis 45 (2.86%) 45 (3.19%) 35 (2.43%) 55 (4.47%) 20 (1.80%)
Race
    White 1160 (76.32%) 1025 (75.65%) 1100 (78.01%) 920 (79.31%) 860 (80.75%)
    Black 85 (5.59%) 65 (4.80%) 45 (3.19%) 20 (1.72%) 20 (1.88%)
    Hispanic 135 (8.88%) 160 (11.81%) 140 (9.93%) 110 (9.48%) 85 (7.98%)
    Asian or Pacific Islander 120 (7.89%) 75 (5.54%) 70 (4.96%) 70 (6.03%) 70 (6.57%)
    Native American 10 (0.66%) 10 (0.74%) 5 (0.35%) 0 (0.0%) 0 (0.0%)
    Other 10 (0.66%) 20 (1.48%) 50 (3.55%) 40 (3.45%) 30 (2.82%)
Age group
    18 - 30 45 (2.86%) 60 (4.26%) 25 (1.74%) 30 (2.44%) 15 (1.40%)
    31 - 40 55 (3.49%) 35 (2.48%) 20 (1.39%) 35 (2.85%) 20 (1.86%)
    41 - 50 80 (5.08%) 80 (5.67%) 70 (4.86%) 65 (5.28%) 64 (6.05%)
    51 - 60 195 (12.38%) 145 (10.28%) 155 (10.76%) 130 (10.57%) 110 (10.23%)
    61 - 70 290 (18.41%) 265 (18.79%) 360 (25.00%) 270 (21.96%) 170 (15.81%)
    71 - 80 390 (24.76%) 340 (24.11%) 350 (24.31%) 310 (25.20%) 295 (27.44%)
    > 80 520 (33.02%) 485 (34.40%) 460 (31.94%) 390 (31.71%) 400 (37.21%)

National Inpatient Sample database (2016 - 2020). CHF: congestive heart failure.
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period for teaching hospitals, with some variability between 
years. In contrast, non-teaching hospitals experienced a de-
cline in inpatient mortality during the same timeframe. A com-

parison revealed significantly higher mortality rates in teach-
ing hospitals compared to non-teaching hospitals (2.77% vs. 
2.08%, P = 0.01) during the study period (Fig. 1).

Table 2.  Baseline Patient Characteristics of Acute Cholangitis in Teaching Hospitals

2016 2017 2018 2019 2020
Total, 23,535 3,895 4,515 4,945 5,220 4,960
    Female 2,000 (51.35%) 2,415 (53.49%) 2,595 (52.48%) 2,650 (50.77%) 2,440 (49.19%)
Comorbidities
    Alcohol 155 (3.98%) 130 (2.88%) 160 (3.24%) 160 (3.07%) 195 (3.93%)
    CHF 540 (13.86%) 685 (15.17%) 890 (18.0%) 890 (17.05%) 940 (18.95%)
    Hypertension 2,705 (69.45%) 2,965 (65.67%) 3,315 (67.04%) 3,680 (70.50%) 3,385 (68.25%)
    Diabetes mellitus 1,160 (29.78%) 1,245 (27.57%) 1,525 (30.84%) 1,670 (31.99%) 1,620 (32.66%)
    Cirrhosis 140 (3.59%) 125 (2.77%) 210 (4.25%) 245 (4.69%) 210 (4.23%)
Race
    White 2,515 (68.90%) 2,990 (69.05%) 3,245 (67.46%) 3,555 (69.84%) 3,370 (69.92%)
    Black 240 (6.58%) 245 (5.66%) 310 (6.44%) 325 (6.39%) 280 (5.81%)
    Hispanic 500 (13.70%) 580 (13.39%) 715 (14.86%) 600 (11.79%) 690 (14.32%)
    Asian or Pacific Islander 225 (6.16%) 300 (6.93%) 344 (7.17%) 355 (6.97%) 325 (6.74%)
    Native American 30 (0.82%) 25 (0.58%) 45 (0.94%) 45 (0.88%) 50 (1.04%)
    Other 140 (3.84%) 190 (4.39%) 150 (3.12%) 210 (4.13%) 105 (2.18%)
Age group
    18 - 30 130 (3.34%) 165 (3.65%) 135 (2.73%) 115 (2.20%) 135 (2.86%)
    31 - 40 135 (3.47%) 195 (4.32%) 230 (4.65%) 180 (3.45%) 160 (3.39%)
    41 - 50 210 (5.39%) 245 (5.43%) 315 (6.37%) 265 (5.08%) 265 (5.61%)
    51 - 60 550 (14.12%) 560 (12.40%) 520 (10.52%) 700 (13.41%) 510 (10.81%)
    61 - 70 785 (20.15%) 925 (20.49%) 1,085 (21.94%) 1,080 (20.69%) 985 (20.87%)
    71 - 80 925 (23.75%) 910 (20.16%) 1,070 (21.64%) 1,190 (22.80%) 1,065 (22.56%)
    > 80 1,160 (29.78%) 1,515 (33.55%) 1,590 (32.15%) 1,690 (32.38%) 1,600 (33.90%)

National Inpatient Sample database (2016 - 2020). CHF: congestive heart failure.

Table 3.  Baseline Patients Characteristics Comparisona for Non-Teaching vs. Teaching Hospitals in Patients With Acute Cholangitis

Non-teaching hospitals Teaching hospitals P-value
Total 6,765 6,505
    Female 3,330 (51.19%) 3,180.0 (48.89%) 0.0085
Race < 0.001
    White 5,065.0 (77.86%) 4,730.0 (72.71%)
    Black 235.0 (3.61%) 300.0 (4.61%)
    Other 1,205.0 (18.52%) 1,475.0 (22.67%)
Comorbidities
    CHF 970.0 (14.91%) 875.0 (13.45%) 0.017
    Hypertension 4,595.0 (70.64%) 3,860.0 (59.34%) < 0.0001
    Diabetes mellitus 1,970.0 (30.28%) 1,880.0 (28.90%) 0.0839
    Alcohol abuse 170.0 (2.61%) 250.0 (3.84%) < 0.0001
    Cirrhosis 195.0 (3.00%) 330.0 (5.07%) < 0.0001

aAfter matching propensity score 1:1 to adjust baseline differences. National Inpatient Sample database (2016 - 2020). CHF: congestive heart failure.
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Hospital LOS

Hospital LOS for teaching hospitals remained consistent at 6 
- 7 days, while LOS decreased over time for non-teaching hos-
pitals. On average, LOS was slightly longer in teaching hospi-
tals compared to non-teaching hospitals (6.38 ± 16.12 vs. 5.54 
± 10.87 days).

THC

THC increased in teaching hospitals, rising from $20,287 to 
$23,390 between 2016 and 2020. In contrast, THC decreased 
in non-teaching hospitals, declining from $19,993 to $18,763 
during the same period. Overall, THC was higher in teaching 
hospitals compared to non-teaching hospitals ($21,251 vs. 
$18,547).

Secondary outcomes

Teaching hospitals had a higher incidence of septic shock 
(16.06% vs. 12.53%, P < 0.0001), ICU admissions (6.61% 
vs. 5.07%, P = 0.0002), and intubation (5.30% vs. 3.46%, P 
< 0.0001) in comparison to non-teaching hospitals. However, 
there was no significant difference between two groups for the 
CVC placement (2.23% vs. 2.31%, P = 0.768) and ERCP per-
formed (2.61% vs. 2.46%, P = 0.5771).

Moreover, non-teaching hospitals had significantly high-
er numbers of gallstone than teaching hospitals (16.22% vs. 
14.45%, P = 0.0051). Teaching hospitals had higher rates of 
patients with PSC (0.08% vs. 0%, P = 0.0253). There was no 
difference between patients with biliary stricture.

Primary and secondary outcomes are reported in Figure 2 

and Tables 4-6.
Furthermore, we did subgroup analysis for only patients 

who underwent ERCP in both groups. Results showed that in-
cidences of inpatients mortality (3.49% vs. 0%, P = 0.0260) 
and septic shock (15.12% vs. 6.06%, P = 0.0238) were higher 
in teaching hospitals; however, there were no significant dif-
ference for ICU admissions, CVC placement, and intubations 
(Table 7).

Additionally, we calculated the complication rates of 
ERCP procedure in both groups. We found that patients who 
underwent ERCP in teaching hospitals had higher rates of 
post-ERCP pancreatitis (PEP) (4.65% vs. 0%, P = 0.0136) and 
cholecystitis (24.42% vs. 18.18%, P = 0.0065) than with non-
teaching group; however, there was no difference for ERCP-
associated bleeding and bowel perforation between two groups 
(Table 8).

Discussion

This is the first study to see hospital teaching status effect on 
outcomes in AC. Main highlights of this study are teaching 
hospitals have significantly higher rates of inpatient mortality, 
septic shock, ICU admission, and intubation than non-teaching 
hospitals, although the differences are relatively small. Con-
sequently, LOS and THC are also higher in teaching hospitals 
than in non-teaching hospitals. Higher mortality and compli-
cations such as septic shock could be attributed to more com-
plex cases treated in the teaching hospitals [20]. Many of these 
teaching hospitals are affiliated with universities and often 
serve as tertiary referral centers. As publicly funded facilities 
rely heavily on government, Medicare and Medicaid subsidies 
for graduate medical education and patient quality care. These 
hospitals frequently treat underserved, high-risk populations 

Figure 1. Comparison of inpatient mortality in acute cholangitis in teaching vs. non-teaching hospitals. National Inpatient Sample 
database (2016 - 2020).
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and manage high-acuity cases [21-24]. Our study also found 
that teaching hospitals have a higher portion of Medicaid and 
self-payers compared to non-teaching hospitals. Many high-
risk cases that cannot be managed at non-teaching hospitals, 
especially those located in underserved areas, are often re-
ferred to these tertiary centers, either from emergency depart-
ments or after unsuccessful attempts at procedures like ERCP 
drainage, or when more complex interventions are required.

Higher rates of complications such as septic shock, ICU 
requirement, and intubation in teaching hospitals could be 
linked to the presence of inexperienced trainees and the at-

tenuated role of senior physicians in these settings [25]. Fre-
quent rotations of interns, residents, and fellows across differ-
ent services may result in delay in familiarizing with protocols, 
delayed order entries or inexperience leading to the premature 
initiation of procedures like intubation, particularly during 
night shifts. Additionally, resident work hour limitations and 
shift changes may impact patient care [12, 22]. Although some 
studies suggest that duty hour restrictions are associated with a 
reduction in overall mortality [12].

Furthermore, teaching hospitals have more LOS and THC 
than non-teaching hospitals, partially due to factors mentioned 

Table 4.  Primary and Secondary Outcomes Variables for Patients With Acute Cholangitis in Non-Teaching vs. Teaching Hospitalsa

Non-teaching hospitals Teaching hospitals P-value
Total 6,505 6,505
Primary outcomes
    Inpatient mortality 135.0 (2.08%) 180.0 (2.77%) 0.0103
    Length of hospital stay (days) 5.54 (± 10.87) 6.38 (± 16.12)
    Total hospitalization costs (USD) 18,547 (± 40,714) 21,251 (± 52,898)
Secondary outcomes
    Septic shock 815.0 (12.53%) 1,045 (16.06%) < 0.0001
    Intubation 225.0 (3.46%) 345.0 (5.30%) < 0.0001
    ICU 330.0 (5.07%) 430.0 (6.61%) 0.0002
    CVC 150.0 (2.31%) 145.0 (2.23%) 0.7684
    ERCP 160.0 (2.46%) 170 (2.61%) 0.5771
Etiology
    Gallstone 1,105.0 (16.22%) 940.0 (14.45%) 0.0051
    Biliary stricture 110.0 (1.69%) 125.0 (1.92%) 0.3234
    PSC 0.0 (0.0%) 5.0 (0.08%) 0.0253

aAfter matching propensity score 1:1 to adjust baseline differences; National Inpatient Sample database (2016 - 2020). CVC: central venous catheter; 
ERCP: endoscopic retrograde cholangiopancreatography; ICU: intensive care unit; PSC: primary sclerosing cholangitis.

Figure 2. Primary and secondary outcomes of acute cholangitis: comparative analysis between teaching and non-teaching 
hospitals. National Inpatient Sample database (2016 - 2020). CVC: central venous catheter; ERCP: endoscopic retrograde chol-
angiopancreatography; Gall Pan: gallstone pancreatitis; ICU: intensive care unit; PSC: primary sclerosing cholangitis.
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above, and several studies have consistently shown that costs 
are higher at teaching hospitals [20, 26-29]. This is likely due 
to their capacity to provide specialized care, perform advanced 
procedures, utilize cutting-edge diagnostic tools, lead in medi-
cal education and research, and care for underserved popula-
tions [13, 30]. Additionally, trainees often order extra tests, 

procedures, or consultations for educational purposes, which 
may not always be necessary for every patient [25]. These 
factors can contribute to both higher THC and extended LOS 
in teaching hospitals. Similar findings have been reported for 
outcomes related to variceal and non-variceal upper gastro-
intestinal bleeds [15, 16]. Sharbatji et al found no significant 

Table 5.  Primary and Secondary Outcome Trends in Acute Cholangitis in Non-Teaching Hospitals

2016 2017 2018 2019 2020 P-value
Total, 6,760 1,575 1,410 1,435 1,230 1,110
Primary outcomes
    Inpatient mortality 40 (2.54%) 30 (2.13%) 45 (3.14%) 10 (0.81%) 20 (1.80%) 0.0008
    Length of stay (days) 6.29 5.72 5.67 4.80 4.93
    Total hospitalization costs (USD) 19,993 18,895 19,308 17,781 18,763
Secondary outcomes
    Septic shock 195 (12.38%) 155 (10.99%) 170 (11.81%) 190 (15.45%) 120 (10.81%) 0.0028
    Intubation 80 (5.08%) 45 (3.19%) 60 (4.17%) 20 (1.63%) 30 (2.70%) < 0.0001
    ICU 110 (6.98%) 70 (4.96%) 100 (6.94%) 25 (2.03%) 35 (3.15%) < 0.0001
    Pressors 15 (0.95%) 20 (1.42%) 35 (2.43%) 35 (2.85%) 20 (1.80%) 0.0013
    CVC 50 (3.17%) 25 (1.77%) 60 (4.17%) 5 (0.41%) 10 (0.90%) < 0.0001
Etiology
    Biliary stricture 25 (1.59%) 5 (0.35%) 35 (2.43%) 35 (2.85%) 10 (0.90%) < 0.0001
    Gallstone 275 (17.46%) 230 (16.31%) 210 (14.58%) 240 (19.51%) 150 (13.51%) 0.0004
    Choledocholithiasis 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
    PSC 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

National Inpatient Sample database (2016 - 2020). CVC: central venous catheter; ICU: intensive care unit; PSC: primary sclerosing cholangitis.

Table 6.  Primary and Secondary Outcome Trends in Acute Cholangitis in Teaching Hospitals

2016 2017 2018 2019 2020 P-value
Total, 23,535 3,895 4,515 4,945 5,220 4,960
Primary outcomes
    Inpatient mortality 135 (3.48%) 135 (2.99%) 115 (2.33%) 175 (3.35%) 150 (3.02%) 0.0117
    Length of stay (days) 6.34 6.41 6.68 6.08 6.42
    Total hospitalization costs (USD) 20,287 20,858 21,703 21,255 23,902
Secondary outcomes
    Septic shock 600 (15.40%) 670 (14.84%) 845 (17.09%) 760 (14.56%) 805 (16.23%) 0.0028
    Intubation 195 (5.01%) 210 (4.65%) 245 (4.95%) 170 (3.26%) 205 (4.13%) < 0.0001
    ICU 250 (6.42%) 290 (6.42%) 345 (6.98%) 210 (4.02%) 255 (5.14%) < 0.0001
    Pressors 75 (1.93%) 115 (2.55%) 180 (3.64%) 195 (3.74%) 185 (3.73%) < 0.0001
    CVC 110 (2.82%) 100 (2.21%) 145 (2.93%) 50 (0.96%) 75 (1.51%) < 0.0001
Etiology
    Biliary stricture 90 (2.31%) 90 (1.99%) 110 (2.22%) 90 (1.72%) 165 (3.33%) < 0.0001
    Gallstone 530 (13.61%) 675 (14.95%) 780 (15.77%) 770 (14.75%) 640 (12.90%) 0.0005
    Choledocholithiasis 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
    PSC 0 (0.0%) 0 (0.0%) 5 (0.10%) 20 (0.38%) 0 (0.0%) < 0.0001

National Inpatient Sample database (2016 - 2020). CVC: central venous catheter; ICU: intensive care unit; PSC: primary sclerosing cholangitis.
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difference in outcomes for teaching and non-teaching hospi-
tals, although LOS, THC, and endoscopy rates were notably 
higher for the teaching hospitals [17]. On the other hand, for 
hip fracture admissions, outcomes were better at teaching hos-
pitals [27]. Additionally, a study by Chaudhry et al showed 
worse outcomes including mortality, shock, sepsis, and ICU 
admission in teaching hospitals [31]. These disparities were 
thought to be due to higher-acuity of cases as well as trans-
fer of complex cases to teaching hospitals, which also serve 
as tertiary centers. However, non-GI studies showed either 
better outcomes in teaching hospitals [32] or no significant 
difference in two hospital status [9, 11]. This further raises a 
question regarding outcomes disparities between two settings 
for the GI emergencies. It is possible that many non-teaching 
hospitals do not have advance GI specialists, hence, all these 
high-acuity cases were being transferred to the referral cent-
ers, many of which also act as teaching hospitals. However, 
due to limitation of NIS database study, we cannot catego-
rized those cases.

Our study has found an overall decrease in inpatient mor-
tality from 2016 to 2020, largely due to advances in therapeutic 
endoscopy like balloon enteroscopy-guided biliary drainage or 
endoscopic ultrasound guided-biliary drainage. These innova-
tions have improved the management of AC caused by chole-
docholithiasis, reducing the need for invasive procedures. As 
a result, the overall incidence of septic shock, ICU admission, 
and requirement of intubation and pressors has decreased es-
pecially in non-teaching hospitals. However, in teaching hos-
pitals, septic shock and pressor requirements have increased, 
possibly due to higher-acuity cases. The reason for this dispar-
ity remains unclear.

Strength and limitations

Strength of our study is providing first ever information on 
outcomes of the AC based upon hospital teaching status. It has 
also provided an overall trend and outcomes of AC during the 
period of 2016 - 2020, using an NIS database. The primary 
strength of the NIS database is its large sample size, repre-

senting a significant portion of US hospital discharges. Apart 
from these, data variety, standardization of data, accessibility, 
and information regarding cost and charges are available. Out-
comes are reported using multivariable logistic regression to 
calculate odds. Propensity score matching (1:1) was performed 
to adjust for baseline differences, including demographics, co-
morbidities, and hospital characteristics. While this study pro-
vides insight about trends and outcomes of AC in US hospitals 
over 5 years, it is not without limitations.

The NIS database records hospitalizations rather than in-
dividual patient data, which may lead to either an underestima-
tion of prevalence by missing cases of AC in non-hospitalized 
patients or an overestimation by including multiple hospitali-
zations for the same patient. Additionally, as a retrospective 
study, this analysis is subject to the inherent limitations and 
biases associated with such studies. Since NIS data are based 
on hospitalizations diagnosed with AC rather than unique pa-
tients, important clinical details, such as the underlying cause, 
bacterial pathogens, timing of antibiotic administration, dis-
ease severity scores and clinical granularity, and availability 
of ERCP and ICU, are not available, limiting our ability to 
analyze prognostic factors influencing mortality. Lastly, as 
an administrative database reliant on coding, the potential for 
coding errors cannot be ruled out.

Conclusion

Our study found higher mortality rates for AC patients in teach-
ing hospitals compared to non-teaching hospitals. Teaching 
hospitals also had higher rates of septic shock, ICU admission, 
and intubation, although ERCP use was similar across both the 
hospital types. These differences could be due to several fac-
tors, such as greater resident and fellow autonomy in teaching 
hospitals and a potentially more proactive approach by physi-
cians in non-teaching hospitals. Additionally, teaching hospi-
tals often manage more complex, higher-acuity cases, which 
could contribute to worse outcomes. While we used propensity 
matching to control for these confounders, complete adjust-
ment might not have been possible. Hence, further research 
with randomized controlled prospective design is needed to 
understand reasons behind these disparities in outcomes of AC 
based upon hospital teaching status.

Table 8.  Comparison of ERCP Complicationsa for Non-Teach-
ing vs. Teaching Hospitals in Patients With Acute Cholangitis

Non-teaching 
hospitals

Teaching 
hospitals P-value

Total 165 430
PEP 0 20 (4.65%) 0.0136
Cholecystitis 30 (18.18%) 105 (24.42%) 0.0065
Bleeding 0 5 (1.16%) 0.1904
Perforation 0 0

aAfter matching propensity score 1:1 to adjust baseline differences. 
National Inpatient Sample database (2016 - 2020). ERCP: endoscopic 
retrograde cholangiopancreatography; PEP: post-ERCP pancreatitis.

Table 7.  Primary and Secondary Outcomes Variables for Pa-
tients Who Underwent ERCP in Non-Teaching vs. Teaching 
Hospitalsa

Non-teaching 
hospitals

Teaching 
hospitals P-value

Total 165 430
Inpatient mortality 0 15 (3.49%) 0.0260
Septic shock 10 (6.06%) 65 (15.12%) 0.0238
Intubation 0 10 (2.33%) 0.0693
ICU 0 10 (2.33%) 0.0693
CVC 0 0

aAfter matching propensity score 1:1 to adjust baseline differences. Na-
tional Inpatient Sample database (2016 - 2020). CVC: central venous 
catheter; ERCP: endoscopic retrograde cholangiopancreatography; 
ICU: intensive care unit.
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