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Abstract
BACKGROUND 
Elective cholecystectomy (CCY) is recommended for patients with gallstone-
related acute cholangitis (AC) following endoscopic decompression to prevent 
recurrent biliary events. However, the optimal timing and implications of CCY 
remain unclear.

AIM 
To examine the impact of same-admission CCY compared to interval CCY on 
patients with gallstone-related AC using the National Readmission Database 

https://www.f6publishing.com
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(NRD).

METHODS 
We queried the NRD to identify all gallstone-related AC hospitalizations in adult patients with and without the 
same admission CCY between 2016 and 2020. Our primary outcome was all-cause 30-d readmission rates, and 
secondary outcomes included in-hospital mortality, length of stay (LOS), and hospitalization cost.

RESULTS 
Among the 124964 gallstone-related AC hospitalizations, only 14.67% underwent the same admission CCY. The all-
cause 30-d readmissions in the same admission CCY group were almost half that of the non-CCY group (5.56% vs 
11.50%). Patients in the same admission CCY group had a longer mean LOS and higher hospitalization costs attrib-
utable to surgery. Although the most common reason for readmission was sepsis in both groups, the second most 
common reason was AC in the interval CCY group.

CONCLUSION 
Our study suggests that patients with gallstone-related AC who do not undergo the same admission CCY have 
twice the risk of readmission compared to those who undergo CCY during the same admission. These 
readmissions can potentially be prevented by performing same-admission CCY in appropriate patients, which may 
reduce subsequent hospitalization costs secondary to readmissions.

Key Words: Acute cholangitis; Gallstone-related complications; National Readmission Database; 30-d readmission rates; 
Resource utilization; In-hospital mortality

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Utilizing the National Readmission Database, we examined the outcomes of index admission cholecystectomy 
(CCY) vs interval CCY in patients with gallstone-related acute cholangitis (AC). This study revealed that patients 
undergoing CCY during the same hospital admission for AC exhibited significantly lower 30-d readmission rates than those 
receiving interval CCY. This approach not only reduces the frequency of subsequent acute hospital visits but also highlights 
the potential cost benefits by lowering hospitalization expenses. These findings advocate for a reevaluation of current 
clinical practices concerning the timing of CCY post- endoscopic retrograde cholangiopancreatography, suggesting that 
earlier interventions could enhance patient outcomes and optimize resource utilization.

Citation: Sohail A, Shehadah A, Chaudhary A, Naseem K, Iqbal A, Khan A, Singh S. Impact of index admission cholecystectomy vs 
interval cholecystectomy on readmission rate in acute cholangitis: National Readmission Database survey. World J Gastrointest 
Endosc 2024; 16(6): 350-360
URL: https://www.wjgnet.com/1948-5190/full/v16/i6/350.htm
DOI: https://dx.doi.org/10.4253/wjge.v16.i6.350

INTRODUCTION
Gallstone-related acute cholangitis (AC) is a common gastrointestinal emergency that requires prompt recognition and 
treatment to prevent multi-organ failure and irreversible shock. The most common etiology of AC is biliary obstruction 
secondary to gallstones, accounting for up to 70% of the cases[1]. The majority of these patients require endoscopic 
retrograde cholangiopancreatography (ERCP) for biliary decompression. The estimated mortality rate following an acute 
episode of AC ranges from 5%-10%, with higher rates observed in patients who require emergent ERCP[2]. Despite 
successful decompression of the biliary tract after an ERCP, there is a risk of recurrent biliary events due to the presence 
or formation of stones in the gallbladder, which can lead to recurrent cholangitis, rehospitalizations, and increased 
mortality[1,3,4]. Therefore, elective cholecystectomy (CCY) is recommended in these patients after an ERCP, but there is a 
lack of consensus about the optimal timings of CCY[3,4].

The 2007 Tokyo guidelines recommend elective CCY after successful biliary decompression in stable patients with AC 
(Grade B recommendation)[5]. However, no updates were made in the 2013 or 2018 guidelines to address the timing of 
the elective CCY and whether it needs to be performed during the same admission or interval admission[1,6]. Similarly, 
the European Society of Gastrointestinal Endoscopy 2019 guidelines also endorse the Tokyo 2018 guidelines and do not 
provide any specific timeframe regarding CCY after AC[7]. However, the American Society of Gastrointestinal 
Endoscopy recommends that elective CCY be performed as soon as possible after the resolution of AC, but the timing 
should be individualized based on the patient’s condition and other factors. Therefore, the time to perform elective CCY 
in these patients remains highly discretionary to the performing surgeon and depends on perioperative risk assessment at 
the individual level[8]. Although studies have shown that early elective CCY during the same hospitalization after 
therapeutic ERCP in patients with AC can decrease the risk of recurrent biliary events by 15%-20%[9-11]. It is estimated 

https://www.wjgnet.com/1948-5190/full/v16/i6/350.htm
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that the same admission elective CCY following an ERCP is performed only in 28.6% to 37.2% of patients who present 
with choledocholithiasis[12,13]. Hence, there remains a lack of consensus on the optimal timing of CCY after ERCP in 
patients with an acute episode of gallstone-related AC. Therefore, we aimed to examine the impact of the same admission 
CCY after an ERCP on readmission rate, mortality, and resource utilization in patients with gallstone-related AC at a 
national level.

MATERIALS AND METHODS
Data source
In this study, we utilized the National Readmission Database (NRD), which is a part of the Healthcare Cost and 
Utilization Project (HCUP), as our data source. The NRD is the largest publicly available readmission database in the 
United States, covering approximately 32 million hospital discharges across geographically dispersed 31 states[14]. It 
provides clinical and demographic data, including patient and hospital-level information related to index hospitalization 
and readmissions. The patient-level data includes demographics such as gender, age, median income by zip quartile, 
primary and secondary diagnoses at discharge, procedures performed during the hospitalization, length of stay (LOS), 
and total hospitalization charges, and the hospital-level data includes information about ownership, teaching status, 
hospital size based on the number of beds, and rural/urban location. The NRD allocates a specific identification number 
to each patient, which is used to identify all admissions (index or readmissions) for that patient in a calendar year. The 
discharge diagnoses and procedure codes are identified using the International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD10-CM), and Procedure Coding System (PCS). The study is considered exempt from the institu-
tional review board, as the data source is from the NRD, a publicly available de-identified database.

Study population
We identified all patients hospitalized for gallstone-related AC in the NRD between 2016 and 2020. We grouped them 
into two cohorts based on whether they underwent the same admission CCY or interval CCY following biliary 
decompression with an ERCP. Patients who did not undergo index hospitalization for CCY after AC were assumed to 
have later undergone CCY. The ICD-10 and PCS codes used to select patients are provided in the Supplementary Table 1. 
Patients under 18 years of age and those admitted on an elective basis were excluded from the study. All the index 
hospitalizations in December were also excluded to accurately calculate the 30-d readmission rate as NRD keeps a 
calendar year hospitalization record from January 1 to December 31 without crossing over to the previous or the 
following year.

Study outcomes
The primary outcome of our study was the all-cause 30-d readmission rate for patients admitted with gallstone-related 
AC and the most common reasons leading to these readmissions. Readmission was defined as any non-traumatic 
admission within 30 d of the index admission, and only the first readmission was considered for patients with multiple 
readmissions. We excluded patients who died during index hospitalization to calculate readmission outcomes accurately. 
Our secondary outcomes were all-cause mortality for the index hospitalization and readmissions, along with the mean 
LOS and hospitalization costs associated with the index hospitalization and subsequent readmissions.

Patient and hospital characteristics
The database itself has patient-related variables such as age, gender, median household income based on zip code, 
primary insurance payer (including Medicare, Medicaid, private insurance, self-pay, and uninsured status) as well as 
hospital characteristics such as size based on the number of beds (large, medium, and small), urban vs rural location, and 
teaching status. To assess the burden of comorbidities in both groups, including hypertension, diabetes mellitus, chronic 
kidney disease, end-stage renal disease (ESRD), chronic obstructive pulmonary disease (COPD), and congestive heart 
failure (CHF), we utilized the variables present in the Deyo’s modification of Charlson Comorbidity Index (CCI)[15]. The 
NRD provides information about the total hospitalization charges that hospitals bill for each hospitalization. However, 
the total hospitalization cost reimbursed by the primary payer is calculated using the cost-to-charge ratio files provided 
by the HCUP[16].

Statistical analysis
We used STATA (version 16.0; StataCorp, College Station, TX, United States) for statistical analysis, which allows 
statistical operations involving complex survey-based studies aligned with the NRD design, including stratification, 
clustering, and weighing. We dealt with the missing values by pairwise deletion. Baseline demographics were compared 
using the χ2 test for categorical variables and Student’s t-test for continuous variables. We set the threshold for statistical 
significance at a P value of 0.05. Survival analysis was performed with the time from discharge to readmission as a time 
variable and death as a failure. Patients were censored on the 30th d of discharge if they were alive. Univariate Cox 
regression analysis was used to calculate the unadjusted hazard ratio (HR) for the predictors of readmissions. A 
multivariate Cox regression model was built to adjust for potential confounding factors with a cutoff P value of less than 
0.2 on univariate analysis.

http://
http://
http://
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RESULTS
Baseline characteristics
In this study, 142855 hospitalizations were initially identified in patients with gallstone-related AC between 2016 and 
2020. After applying the study criteria, 124964 patients were included in the analysis (Figure 1). Table 1 presents the 
baseline characteristics of the patients and hospitals for index hospitalization and 30-d readmission. Only 18332 (14.67%) 
of the included patients underwent the same admission CCY following an ERCP. Patients who received the same 
admission CCY were younger, with a mean age of 66.89 years, compared to those who received interval-CCY (mean age 
69.89 years, P < 0.01), and had a higher proportion of male patients (52.94% vs 51.52%, P < 0.01). Patients who underwent 
interval-CCY had a higher CCI score of > 3 (45.85% vs 27.10%, P < 0.01) than those in the same admission CCY group. 
Patients in the interval-CCY group also had a higher prevalence of individual comorbidities, such as COPD (18.2% vs 
17.83%, P < 0.01), ESRD (2.2% vs 1.6%, P < 0.01), and CHF (16.97% vs 13.33%, P < 0.1), than those who received the same 
admission CCY. Medicare was the primary insurer in both the same admission CCY and interval-CCY groups (64.54% vs 
61.12%, respectively), followed by private insurance (22.74% vs 19.99%, respectively). More than two-thirds of the patients 
who received the same admission CCY were admitted to the teaching hospitals (77.36%) (Table 1).

30-d all-cause readmission rate and its predictors
The 30-d all-cause readmission rate was lower in the same-admission CCY group (5.56%, n = 1019) compared to the 
interval-CCY group (11.50%, n = 12265). Figure 2 shows the Kaplan-Meier survival curves for both the same-admission 
CCY and interval-CCY groups. Although sepsis was the most common cause of readmission in both groups, cholangitis 
was the second common cause in the interval-CCY group (Table 2). In multivariate analysis, the independent predictors 
for readmission were CCI > 3 [adjusted HR = 1.75; 95% confidence interval (CI): 1.04-2.94; P < 0.01], ESRD (HR = 2.18; 
95%CI: 1.25-3.81; P < 0.01), and CHF (HR = 1.87; 95%CI: 1.31-2.66; P < 0.01) in the same admission CCY group (Table 3). 
In the interval-CCY group, the independent predictors of readmission were CCI > 3 (HR = 1.27; 95%CI: 1.22-1.32; P < 
0.01), ESRD (HR = 1.41; 95%CI: 1.15-1.73; P < 0.01), and hospital bed size (HR = 1.12; 95%CI: 1.01-1.26; P < 0.01) (Table 4).

Mortality and resource utilization
During the index admissions, inpatient mortality was lower in the same admission-CCY group (1.18% vs 3.17%, P < 0.01) 
compared to the interval-CCY group, as well as during readmissions (2.53% vs 4.52%, P < 0.01). Although the same 
admission CCY group had longer lengths of stay during index admission (mean LOS 7.4 d vs 6.5 d, P < 0.01), they had 
shorter lengths of stay during readmission (mean LOS 5.3 d vs 5.7 d, P < 0.01). In addition, the same admission CCY 
group had a lower proportion of patients who developed acute respiratory failure (1.86% vs 2.14%, P < 0.01), septic shock 
(0.9% in CCY vs 1.39% in non-CCY, P < 0.01) and required less intensive care utilization (4.51% vs 7%, P < 0.01) as 
compared to the interval-CCY group. In terms of hospitalization costs, the overall cost was higher in the same admission 
CCY group for the index admission ($29522 vs $24014, P < 0.01). However, for readmissions, the interval-CCY group had 
higher costs ($17672 vs $14166, P < 0.01), as shown in Table 5.

DISCUSSION
In this study, we examined practice trends at the national level for performing CCY after ERCP following an episode of 
gallstone-related AC. We found that patients with gallstone-related- AC who did not undergo the same admission CCY 
had a higher risk of a 30-d readmission rate as compared to the patients who underwent CCY during the same hospital-
ization. Sepsis was the most common cause of readmissions in both groups, and AC was the second most common cause 
of readmissions in the non-CCY group. In comparison to all-cause inpatient mortality, patients in the interval-CCY group 
had a higher mortality rate during the index hospitalization and rehospitalizations, most likely related to the increased 
comorbidity burden in these patients. Regarding resource utilization, the findings suggest that inpatient LOS and hospit-
alization costs were higher in the same admission CCY group, which is attributable to the surgery performed during the 
index hospitalization. However, this additional surgical procedure appeared to prevent half of the readmissions, which 
would have resulted in high hospitalization costs and mortality. This suggests that, although the initial hospitalization 
cost may be higher for the same admission CCY group, the cost savings associated with reduced readmissions may 
ultimately make this approach more cost-effective and improve patient outcomes.

Several studies have investigated the appropriate timing for CCY following gallstone-related biliary events, such as 
acute cholecystitis and choledocholithiasis, concluding that early CCY helps prevent recurrent biliary events. A 
retrospective analysis of a large database conducted in 2017, which included over 4500 hospitalized patients with 
choledocholithiasis, demonstrated that patients who underwent delayed CCY had a tenfold greater risk of recurrent 
biliary events than those who underwent early CCY. The study also showed that early CCY after acute cholecystitis might 
shorten the hospital stay post-surgery[9,10]. In comparison, other studies have reported that delayed or interval CCY is 
linked to an increased likelihood of recurring biliary events[14]. For instance, Schiphorst et al[9] reported the recurrence 
rate of biliary symptoms of 20% as early as 22 d in patients who awaited planned CCY.

There is still no concrete evidence on the optimal timing for performing the procedure in patients diagnosed with AC 
related to gallstones[13]. Severance et al[17] conducted a retrospective review of 127 patients with gallstone-related AC to 
determine the role of early CCY (within 72 h after ERCP) vs delayed CCY (72 h after ERCP) and found that patients who 
underwent delayed CCY had a higher rate of readmission (13.2 vs 8.3, P = 0.4); however, the results were not statistically 
different due to the small sample size[17]. In a recently published single-center retrospective study, patients with acute 



Sohail A et al. Index vs interval CCY: AC readmission

WJGE https://www.wjgnet.com 354 June 16, 2024 Volume 16 Issue 6

Table 1 Baseline patient and hospital characteristics of patients admitted with gallstone-related acute cholangitis with same-admission 
and interval cholecystectomy

AC with same admission CCY AC with interval CCY
Patient characteristics

Index admission 30-d readmission P value Index admission 30-d readmission P value

No. of patients (n) 18332 1019 106632 12265

Male, n (%) 9704 (52.94) 534 (52.37) 0.82 54937 (51.52) 6787 (55.34) < 0.01

Mean age (yr) 66.9 68.28 69.89 69.08

Charlson Comorbidity Index < 0.01 < 0.01

0 6205 (33.85%) 268 (26.33%) 22862 (21.44%) 1748 (14.25%)

1 3668 (20.01%) 124 (12.2%) 15003 (14.07%) 1326 (10.81%)

2 3487 (19.02%) 165 (16.23%) 19866 (18.63%) 2177 (17.75%)

3 or more 4968 (27.10%) 461 (45.22%) 48891 (45.85%) 7013 (57.18%)

Median income based on Zip codes 0.89 0.03

    $1-$38999 4498 (24.54%) 252 (24.75%) 24078 (22.58%) 2807 (22.89%)

    $39000-$47999 5316 (29%) 299 (29.38%) 29782 (27.93%) 3258 (26.56%)

    $48000-$62999 4810 (26.24%) 277 (27.22%) 27575 (25.86%) 3097 (25.25%)

    > $ 63000 3703 (20.2%) 190 (18.64%) 25186 (23.62%) 3101 (25.28%)

Primary payer, n (%) 0.05 0.12

    Medicare 11831 (64.54) 727 (71.34) 73704 (69.12) 8372 (68.26)

    Medicaid 1727 (9.42) 88 (8.68) 9458 (8.87) 1208 (9.85)

    Private 4168 (22.74) 174 (17.03) 21316 (19.99) 2452 (19.99)

    Others 601 (3.28) 30 (2.94) 2133 (2) 231 (1.88)

Comorbid conditions

Hypertension 7272 (39.67%) 461 (45.23%) < 0.01 41640 (39.05%) 4706 (38.37%) 0.34

Diabetes mellitus 2576 (14.05%) 220 (21.62%) < 0.01 15622 (14.65%) 1859 (15.16%) 0.36

End stage renal disease 295 (1.61%) 38 (3.69%) < 0.01 2346 (2.2%) 438 (3.57%) < 0.01

Chronic obstructive pulmonary 
disease

3269 (17.83%) 227 (22.31%) < 0.01 19407 (18.2%) 2395 (19.53%) 0.03

Congestive heart failure 2444 (13.33%) 284 (27.84%) < 0.01 18095 (16.97%) 2495 (20.34%) < 0.01

Nicotine dependence 4739 (25.85%) 320 (31.38%) < 0.01 28034 (26.29%) 3383 (27.58%) 0.04

Alcohol dependence 326 (1.78%) 11 (1.08%) < 0.01 1749 (1.64%) 156 (1.27%) 0.04

Hospital characteristics

Hospital teaching status < 0.01 0.10

    Non-teaching 4148 (22.63%) 288 (28.31%) 17754 (16.65%) 2150 (17.53%)

    Teaching 14181 (77.36%) 730 (71.68%) 88867 (83.34%) 10114 (82.46%)

Hospital bed size 0.34 0.04

    Small 2656 (14.49%) 156 (15.37%) 13286 (12.46%) 1582 (12.9%)

    Medium 4823 (26.31%) 235 (23.04%) 26072 (24.45%) 2806 (22.88%)

    Large 10848 (59.18%) 628 (61.58%) 67263 (63.08%) 7874 (64.2%)

Hospital location 0.20 0.81

    Rural 2561 (13.97%) 176 (17.28%) 11399 (10.69%) 1325 (10.80%)

    Urban 15769 (86.02%) 843 (82.71%) 95222 (89.30%) 10939 (89.19%)

AC: Acute cholangitis; CCY: Cholecystectomy.
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Table 2 Most common reasons for readmission in patients admitted with gallstones-related acute cholangitis with the same admission 
vs interval cholecystectomy

Acute cholangitis with same admission CCY Acute cholangitis with interval CCY

Sepsis (A419) Sepsis (A419)

Acute kidney failure (N179) Other cholangitis (K8309)

Acute pancreatitis without necrosis or infection (K8590) Malignant neoplasm of the head of the pancreas (C250)

Melena (K921) Obstruction of the bile duct (K831)

Hypertensive heart and chronic kidney disease with heart failure (I130) Sepsis due to Escherichia coli (A4151)

CCY: Cholecystectomy.

Figure 1  Patient selection flow diagram.

Figure 2 Kaplan-Meier curve for 30-d all-cause readmission among gallstone-related acute cholangitis patients. A: Same admission 
cholecystectomy; B: Interval cholecystectomy.

gallstone cholangitis who underwent the same admission CCY were found to have significantly lower 30-d (2.2% vs 
42.6%, P < 0.001) and 90-d readmission rates (2.2% vs 30.9%, P < 0.01) compared to patients who underwent ERCP alone
[3].

In terms of mortality, previous studies have highlighted an increased mortality rate associated with interval or delayed 
CCY, which aligns with our study findings as well[3]. For instance, a retrospective cohort study conducted in 2019 
revealed not only a higher risk of developing recurrent acute cholecystitis but also an elevated rate of postoperative 
complications associated with delayed CCY[13]. These findings can be explained by postulating that patients in the 
delayed CCY group may have severe clinical presentations or were not ideal surgical candidates, as evidenced by a 
higher comorbidity burden. Patients undergoing urgent decompression of the common bile duct are still under 
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Table 3 Independent predictors of 30-d readmission for patients with gallstone-related acute cholangitis with same admission 
cholecystectomy

Bivariate logistic regression Multivariate logistic regression

Adjusted HR 95%CI P value Adjusted HR 95%CI P value

Female 1.01 0.82-1.25 0.88 - - -

Age (mean) 1.01 0.99-1.01 0.14 0.99 0.98-1.00 0.34

Charlson comorbidity index

    1 Reference

    2 1.47 1.06-2.04 < 0.01 1.48 0.94-2.33 0.08

    3 or more 2.49 1.89-3.27 < 0.01 1.75 1.04-2.94 0.03

Median income based on the zip code

    $1-$38999 Reference

    $39000-$47999 0.98 0.74-1.30 0.92 - - -

    $48000-$62999 0.96 0.72-1.29 0.83 - - -

    > $63000 0.89 0.65-1.21 0.47 - - -

Primary payer

    Medicare Reference

    Medicaid 0.76 0.52-1.12 0.17 0.85 0.50-1.46 0.57

    Private 0.68 0.52-0.90 < 0.01 0.73 0.48-1.10 0.14

    Others 0.51 0.26-1.12 0.05 0.69 0.30-1.60 0.39

Comorbidities

    Diabetes mellitus 1.45 1.11-1.91 < 0.01 1.07 0.74-1.55 0.69

    Hypertension 1.24 1.01-1.52 0.03 1.2 0.88-1.64 0.24

    Chronic kidney disease 1.1 1.04-1.16 < 0.01 0.98 0.90-1.07 0.8

    End stage renal disease 3.31 2.03-5.39 < 0.01 2.18 1.25-3.81 < 0.01

    Congestive heart failure 2.37 1.85-3.02 < 0.01 1.87 1.31-2.66 < 0.01

    Chronic pulmonary obstructive disease 1.5 1.18-1.91 < 0.01 1.09 0.79-1.52 0.57

Hospital teaching status

    Non-teaching Reference

    Teaching 0.81 0.65-1.01 0.05 1.11 0.69-1.77 0.65

Hospital bed size

    Small Reference

    Medium 0.94 0.66- 1.33 0.72 0.64 0.42-0.99 0.04

    Large 1.19 0.87-1.63 0.25 0.92 0.64-1.31 0.64

Hospital location

    Rural Reference

    Urban 0.76 0.58-0.99 0.04 0.61 0.37-1.02 0.06

Outcomes

    Intensive care unit 1.98 1.38-2.83 < 0.01 1.29 0.56-2.96 0.54

    Acute respiratory failure 2.45 1.46-4.11 < 0.01 1.51 0.85-2.7 0.15

    Septic shock 1.23 0.49-3.09 < 0.64 - - -

CI: Confidence interval; HR: Hazard ratio.
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Table 4 Independent predictors of 30-d readmission for patients with gallstone-related acute cholangitis with interval cholecystectomy

Bivariate logistic regression Multivariate logistic regression

Adjusted HR 95%CI P value Adjusted HR 95%CI P value
Female 1.01 0.82-1.25 0.88 0.87 0.80-0.94 < 0.01

Age (mean) 1.01 0.99-1.01 < 0.14 0.99 0.98-0.99 < 0.01

Charlson comorbidity index

    1 Reference

    2 1.47 1.06-2.04 0.12 - - -

    3 or more 2.49 1.89-3.27 < 0.01 1.27 1.22-1.32 < 0.01

Median income based on the zip code

    $1-$38999 Reference

    $39000-$47999 0.98 0.74-1.30 0.92 - - -

    $48000-$62999 0.96 0.72-1.29 0.83 - - -

    > $63000 0.89 0.65-1.21 0.47 - - -

Primary payer

    Medicare Reference

    Medicaid 0.76 0.52-1.12 0.17 1.06 0.92-1.22 0.38

    Private 0.68 0.52-0.90 < 0.01 0.97 0.87-1.09 0.69

    Others 0.51 0.26-1.12 0.05 0.91 0.67-1.24 0.57

Comorbidities

    Diabetes mellitus 1.45 1.11-1.91 < 0.01 0.93 0.85-1.03 0.2

    Hypertension 1.24 1.01-1.52 0.03 1.00 0.92-1.09 0.88

    Chronic kidney disease 1.1 1.04-1.16 < 0.01 0.99 0.97-1.02 0.71

    End stage renal disease 3.31 2.03-5.39 < 0.01 1.41 1.15-1.73 < 0.01

    Congestive heart failure 2.37 1.85-3.02 < 0.01 1.06 0.96-1.18 0.19

    Chronic obstructive pulmonary disease 1.5 1.18-1.91 < 0.01 0.95 0.85-1.05 0.32

Hospital teaching status

    Non-teaching Reference

    Teaching 1.11 1.03-1.20 < 0.01 0.98 0.84-1.15 0.85

Hospital bed size

    Small Reference

    Medium 1.08 0.98-1.21 0.11 1.02 0.90-1.17 0.66

    Large 1.23 1.12-1.35 < 0.01 1.12 1.01-1.26 0.03

Hospital location

    Rural Reference

    Urban 1.13 1.03-1.25 < 0.01 1.06 0.89-1.27 0.49

Complications

Intensive care unit 1.98 1.38-2.83 < 0.01 1.01 0.79-1.29 0.74

    Acute respiratory failure 2.45 1.46-4.11 < 0.01 1.13 0.85-1.49 0.38

    Septic shock 1.23 0.49-3.09 < 0.64 1.29 0.93-1.80 0.12

CI: Confidence interval; HR: Hazard ratio.
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physiological stress secondary to ongoing sepsis related to the AC, which can significantly increase the risk of morbidity 
and mortality associated with the procedure[18]. However, the study mentioned above demonstrated that early CCY 
after AC was safe and not linked to higher operative times or increased conversion rates to open surgery, irrespective of 
Tokyo grade[19]. Regarding disposition, the majority of patients in both cohorts were admitted to tertiary care hospitals. 
Patients with AC are generally sick and require biliary decompression procedures to get better. Most community 
hospitals in the United States do not have the availability of endoscopic or surgical biliary decompression procedures 
because of limited resources, which is the most likely reason why the majority of these patients are admitted or 
transferred to teaching hospitals.

There are relatively few studies comparing resource utilization, including LOS and hospitalization cost, between the 
two groups. A recently published retrospective study conducted by Hoilat et al[3] included patients admitted to a high-
volume tertiary referral teaching hospital between January 2015 and 2021. The study reported that patients who 
underwent CCY during the same index admission had a nearly two-day shorter LOS than those who underwent ERCP 
alone. However, the results were not statistically significant. The study also found that performing laparoscopic CCY 
during the index admission was associated with a reduction in 30-d and 90-d readmission rates without prolonging the 
hospital stay[3]. In contrast to these findings, the results from our study showed an increased LOS in patients who 
underwent the same admission CCY and higher mean hospitalization cost in the index hospitalization, most likely due to 
the increased LOS and cost associated with surgery. However, in comparison, the readmissions in the delayed or interval 
CCY group incurred a collective total cost of $118 million vs 7.12 million in the same admission CCY group. Although the 
most common reason for readmissions in both groups included sepsis, recurrent AC was the second most common 
reason in the non-CCY group. The use of a large database based on ICD-10 coding further limited our ability to explore 
the secondary sources of sepsis in both groups. However, we can assume that the cause of sepsis was most likely 
unrelated to AC.

The optimal timing of early CCY after an AC episode remains a topic of debate, leaving clinicians to ponder and use 
their clinical judgment. Delayed CCY in some cases may be attributed to hesitancy to conduct a CCY in the early stages 
after the AC episode due to the concern of increased systemic inflammation, which may increase the chances of complic-
ations. For these reasons, surgeons often prefer to allow the patient to be discharged and for a “cool-down” period before 
performing the CCY. In contrast, multiple recent studies have shown that early CCY following AC was not associated 
with longer procedure times and higher complication rates. A lower complication rate was observed when early laparo-
scopic CCY took place, and a lower conversion rate to open CCY regardless of the Tokyo grade[19-22].

There are several limitations to this study that must be considered when interpreting the findings. First, this is a 
retrospective cross-sectional study, and as with all cross-sectional studies, causality cannot be established, and only 
associations can be inferred. Second, this database study relies on accurate ICD-10 coding and is subject to coding errors 
that could affect the accuracy of the data. Additionally, the database does not include information on vital signs, 
laboratory results, or imaging findings, limiting the ability to determine the Tokyo grading of AC and estimate the 
disease severity. However, our primary focus was on studying practice trends and outcomes among patients with AC 
regardless of grade. Furthermore, since the National Inpatient Sample and NRD have inpatient hospitalization data, no 
information was available for patients who underwent outpatient CCY after index admission. We could not assess factors 
such as social barriers to readmission or discharge, medication compliance, or accessibility to outpatient resources. The 
NRD also does not record out-of-state readmissions, which could have led to underestimating the readmission rate. There 
are other decompression approaches available for biliary decompression, but since the latest Tokyo 2018 guidelines 
endorses endoscopic drainage as the preferred method for biliary decompression in cases of AC, we studied this 
approach. Finally, the patients selected for this study who did not undergo CCY during the index hospitalization may 
have introduced a selection bias, as they could represent a sicker group of patients. Despite the limitations mentioned 
above, this is the first large-scale study to explore the practice trends in the timing of performing CCY in patients with 
gallstone-related AC at a national level regardless of hospital size, type, and geographical location, giving it more 
generalizability and validity. Although the results indicate the potential advantages of same admission CCY over an 
interval or delayed CCY in terms of preventing readmission-related costs and improving patient outcomes, nevertheless, 
these findings do not replace individual risk assessments to determine the surgical candidacy of a patient based on 
clinical presentation and comorbidities. However, this topic demands further investigation to examine the long-term 
outcomes and cost-effectiveness of the same admission CCY, and further prospective research at a detailed level is 
required.

CONCLUSION
Performing CCY during the same admission for patients with gallstone-related AC significantly reduced the risk of 30-d 
readmissions compared with interval CCY. This approach may offset higher initial costs and improve overall patient 
outcomes by potentially preventing readmissions. This study highlights the importance of considering same-admission 
CCY for patients with gallstone-related AC to reduce readmission and associated costs. Further research is needed to 
explore the long-term outcomes and cost-effectiveness of this strategy, along with prospective studies to validate these 
findings across different patient populations and healthcare settings.
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Table 5 Primary and secondary outcomes in patients admitted with gallstone-related acute cholangitis on the same admission vs 
interval cholecystectomy for index and 30-d readmissions

Index hospitalizations 30-d readmissions
Outcomes

Same admission CCY Interval CCY P value Same admission CCY Interval CCY P value

Mortality, n (%) 216 (1.18) 3380 (3.17) < 0.01 25 (2.53%) 554 (4.52%) < 0.01

Intensive care utilization 827 (4.51%) 7454 (6.99%) < 0.01 34 (3.36%) 464 (3.78%) < 0.01

Acute respiratory failure 330 (1.86%) 2282 (2.14%) < 0.01 21 (2.1%) 172 (1.4%) < 0.01

Septic shock 165 (0.9%) 1482 (1.39%) < 0.01 15 (1.51%) 229 (1.87%) < 0.01

Mean length of stay (d) 7.39 6.51 < 0.01 5.3 5.7 < 0.01

Mean hospitalization cost $29522 $24014 < 0.01 $14166 $17672 < 0.01

CCY: Cholecystectomy.
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