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Abstract
AIM
To assess the effect of early vs late endoscopic retrograde
cholangiopancreatography (ERCP) on mortality and readmissions in acute
cholangitis, using a nationally representative sample.

METHODS
We used the 2014 National Readmissions Database to identify adult patients
hospitalized with acute cholangitis who underwent therapeutic ERCP within one
week of admission. Early ERCP was defined as ERCP performed on the same day
of admission or the next day (days 0 or 1, < 48 h), and late ERCP was performed
on days 2 to 7 of admission. Patients with severe cholangitis had any of the
following additional diagnoses: Severe sepsis, septic shock, acute renal failure,
acute respiratory failure, or thrombocytopenia. Multivariate logistic regression
was used to calculate the adjusted odds of association of ERCP timing with in-
hospital mortality, 30-d mortality, and 30-d readmissions, controlling for age, sex,
severe disease and comorbidities.

RESULTS
Four thousand five hundred and seventy patients satisfied the inclusion criteria;
with a mean age of 64.1 years. Of these, 66.6% had early ERCP, while 33.4% had
late ERCP. Early ERCP was associated with lower in-hospital mortality [1.2% vs
2.4%, adjusted odds ratio (aOR) = 0.50, 95%CI: 0.76-0.83, P = 0.001] and lower 30-
d mortality (1.5% vs 3.3%, aOR = 0.48, 95%CI: 0.33-0.69, P < 0.0001) compared to
the late ERCP group. Similarly, early ERCP was associated with lower 30-d
readmissions (9.7% vs 15.1%, aOR = 0.58, 95%CI: 0.49-0.7, P < 0.0001). When
stratified by severity of cholangitis, there was a similar benefit of early ERCP on
all outcomes in those with and without severe cholangitis. The mean length of
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stay was higher in the late ERCP group compared to the early ERCP group (6.9 d
vs 4.5 d, P < 0.0001). The mean hospitalization cost was higher in the late ERCP
group ($21459 vs $16939, P < 0.0001).

CONCLUSION
Early ERCP is associated with lower in-hospital and 30-d mortality in those with
or without severe cholangitis. Regardless of severity, we suggest performing
early ERCP.

Key words: Cholangitis; Endoscopic retrograde cholangiopancreatography; Mortality;
Readmissions; Severity cholangitis; Length of stay; Nationwide analysis
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Core tip: The impact of the timing of endoscopic retrograde cholangiopancreatography
(ERCP) on outcomes in patients with acute cholangitis is unclear. Aim of this study is to
assess the effect of early vs late ERCP on mortality and readmissions in acute
cholangitis, using a nationally representative sample. Early ERCP was associated with a
statistically significant lower in-hospital mortality, 30-d mortality, and 30-d readmission
rate; adjusted odds ratio 0.5, 0.48, 0.58 respectively, compared to late ERCP. When
stratified by severity, a similar benefit was observed. Early ERCP may improve
outcomes in patients with acute cholangitis regardless of severity.
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cholangiopancreatography in patients with acute cholangitis: A nationwide analysis.
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INTRODUCTION
Acute cholangitis is an infection of the biliary tract commonly caused by partial or
complete obstruction of the bile ducts. The diagnosis of acute cholangitis is based on
the  presence  of  clinical  and  laboratory  findings  of  systemic  inflammation  and
cholestasis,  combined  with  imaging  findings  of  obstruction[1].  The  2018  Tokyo
guidelines (TG18) recommend stratifying patients into three grades of severity[1]:
Grade I (mild), grade II (moderate), and grade III (severe) based on the presence of
specific  severity  criteria.  Patients  with  organ  dysfunction  (septic  shock,  altered
mentation, respiratory insufficiency, renal, hepatic, or hematologic dysfunction) are
classified as severe cholangitis, or grade “III”. Patients older than 75 years and those
with  leukocytosis ,  high  fever,  hyperbil irubinemia  (≥  5  mg/dL),  and
hypoalbuminemia are classified as moderate cholangitis, or grade “II”. Patients with
mild cholangitis, or grade “I” do not have any severity criteria. Once the diagnosis of
acute  cholangitis  is  strongly  suspected  or  confirmed,  supportive  care  with
intravenous fluids, antibiotics, and biliary drainage is indicated. The gold standard for
biliary drainage is  therapeutic  endoscopic retrograde cholangiopancreatography
(ERCP). However, the optimal timing of ERCP in acute cholangitis has not been well
established, and it could be dependent on the severity of cholangitis.

Studies that addressed the effect of ERCP timing on outcomes of acute cholangitis
have provided mixed results. Several small, single center retrospective studies found
that early ERCP (within 24 to 72 h of admission) is associated with lower in hospital
and 30-d mortality, compared to late ERCP[2-5]. Other studies did not show a difference
in mortality between early and late ERCP[6-9].  The association of early ERCP with
outcomes could vary in patients depending on their disease severity. It is intuitive
that  patients  with  severe  sepsis  and septic  shock require  early  ERCP for  source
control. The Tokyo 2018 guidelines recommend ERCP as soon as possible in severe
cholangitis after the patient has been stabilized[10]. However, it is unclear if early ERCP
is needed in mild or moderate cases. Given the conflicting results of prior studies, and
the lack of stratification of patients by severity, it is unclear if early ERCP actually
affects mortality in all patients with cholangitis.

In this study, we provide further clarification on the effect of ERCP timing on
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important short-term outcomes. Our primary aim is to compare outcomes between
early and late biliary drainage by ERCP in patients admitted with acute cholangitis in
a nationally representative sample. The primary outcomes of interest are in-hospital
mortality, 30-d mortality, and 30-d readmissions. We further examine the effect of
ERCP timing on these outcomes by stratifying patients into severe and mild-moderate
cholangitis.  Lastly,  we  examine  differences  in  length  of  stay  and  hospital  costs
between the two groups.

MATERIALS AND METHODS

Data source
We used data from the 2014 National readmission database (NRD). This large, all-
payer database is developed by the Agency for Healthcare Research and Quality
(AHRQ) as part of the Healthcare Cost and Utilization Project. The NRD is drawn
from  a  sample  of  22  state  inpatient  databases  and  represents  49.3%  of  all
hospitalization in the United States[11]. Each observation in the database represents
data abstracted from a hospital discharge record, and includes several demographic,
clinical,  and hospital  related variables.  Clinical  variables  include diagnosis  and
procedure variables encoded using the International Classification of Diseases, ninth
edition, clinical modification (ICD-9-CM) codes. Each record could contain up to 30
diagnosis codes (dx1 to dx30) and 20 procedure codes (pr1 to pr15). The NRD also
contains special linkage numbers associated with each discharge record that can be
used to track patients’ admissions to any hospital statewide, but not across state lines.
The Emory University institutional review board determined that the study was
exempt from review because the data is de-identified and cannot be tracked to any
particular subject.

Study population
We identified all adult hospitalizations (age ≥ 18 years) with a discharge diagnosis of
cholangitis (ICD 9 CM-code 576.2) in any of the first five diagnosis fields (dx1-dx5). In
order to have a full 30-d post discharge period to capture readmissions, we excluded
patients who were discharged in December. We also excluded records that represent
same-day stay pairs of records (patient discharged and readmitted the same day), and
combined transfer records (patient transferred to another hospital). These records are
more complicated than regular hospitalizations and are coded differently[11].  We
included records with an ICD-9-CM procedure code for therapeutic biliary ERCP
performed on the day of admission (day 0) and up to 7 d after admission (day 7).
“Early”  ERCP was  defined  as  therapeutic  ERCP performed on  the  same day  of
admission or the following day (day 0 or 1, < 48 h after admission), and “late” ERCP
was performed on days 2 to 7 post hospitalizations (days 2-7, > 48 h after admission).
We excluded ERCPs performed after 7 d of admission to avoid including patients
who may not  have had cholangitis  on admission.  Therapeutic  ERCP procedures
included any of the following: sphincterotomy, papillotomy, dilation of ampulla or
biliary duct, insertion of stent, removal of stone. Since our main objective was to look
at timing of successful biliary drainage via ERCP, we excluded ERCPs that did not
have accompanying therapeutic codes to avoid including patients who underwent
unsuccessful procedures (Figure 1).

Study variables
We used patient’s age, sex, and several clinical diagnoses related to cholangitis to
characterize the study population. Records with “severe” cholangitis were identified
by any of the following conditions in the first five diagnosis fields (dx1-dx5): Severe
sepsis, septic shock, systemic inflammatory response syndrome with acute organ
dysfunction, acute renal failure, acute respiratory failure, thrombocytopenia, altered
mental  status,  and abnormal coagulation.  Records without these diagnoses were
considered “mild to moderate” cholangitis. All ICD-9 codes that were used in the
analysis are listed in Table 1. For comorbidity assessment, we used the Elixhauser
comorbidity and readmission indices. These validated measures of comorbidity are
developed by the AHRQ using HCUP state inpatient sample data. They are derived
from  29  predefined  HCUP  comorbidity  variables  and  are  used  to  adjust  for
comorbidities  in hospital  administrative databases[12].  Other admission variables
included primary payer information, weekend vs weekday admissions, length of stay,
discharge disposition, and total cost for the hospitalization. For cost estimations, we
converted hospital charges to cost estimates using the cost-to-charge ratios provided
by the HCUP, and then inflated these costs to 2017 dollars using the consumer price
index for inpatient hospital services of the US Bureau of Labor Statistics[13]. We used
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Figure 1

Figure 1  Data selection process for acute cholangitis. Duplicate index events were identified as index admissions
and readmissions within 30 d of another index admission. These were not analyzed as a separate index admission
but were included in the readmission analysis. Day 0 is the day of admission. ERCP: Endoscopic retrograde
cholangiopancreatography.

the special tracking variables “NRD_visitlink” and “NRD_DaysToEvent” to identify
all  unplanned  readmissions  within  a  30-d  period  post  discharge  from  index
hospitalization.

Outcomes
The main outcomes of interest were: (1) mortality during the index admission (in-
hospital  mortality);  (2)  total  mortality  during  index  admission  or  during  any
readmission within 30-d (30-d mortality); and (3) thirty-day hospital readmission. We
performed an additional  analysis  to examine the effect  of  ERCP timing on these
outcomes stratified by cholangitis severity. Secondary outcomes of interest included
length of stays and hospitalization costs.

Statistical analysis
Categorical  variables  were  described as  number  (percentage);  while  continuous
variables were reported as mean [standard deviation (SD)]. Baseline characteristics of
the  early  and  late  ERCP  groups  were  compared  using  the  chi-square  test  for
categorical  variables  and  the  student  t  test  for  continuous  variables.  Logistic
regression was used to compare the odds of the three outcomes (in-hospital mortality,
30-d mortality, and 30-d readmissions) between the two groups. Covariates that were
considered for inclusion into the model were age, sex, mortality index, and presence
of severe cholangitis. The readmission index was used for 30-d readmission outcome.
Covariates with P < 0.2 in univariate analysis were introduced into the model and
retained if the P value was < 0.05. To assess the effect of severe cholangitis on the
association of ERCP timing and outcomes, we performed an additional analysis in
which we added an interaction term (timing*severity) to stratify this association based
on cholangitis severity. Results of logistic regression were expressed using adjusted
odds  ratio  (aOR)  and  95%  confidence  interval  (CI).  We  used  a  multivariable
generalized  linear  regression  model  to  compare  the  length  of  stay  and  total
hospitalization costs between patients in the early and late ERCP groups. A 2-tailed P
of 0.05 was used as the threshold for statistical significance.
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Table 1  International Classification of Diseases, ninth edition, clinical modification codes used in defining study variables

Diagnosis/procedure ICD-9

Diagnosis

Chronic pancreatitis 577.1

Acute Pancreatitis 577

Cholangitis 576.1

Abdominal pain 789.x

Jaundice 782.4

Cholelithiasis 574.0, 574.1, 574.2, 574.6, 574.7, 574.8, 574.9

Choledocholithiasis 574.3, 574.4, 574.5, 574.6, 574.7, 574.8, 574.9

Biliary obstruction 5762

Cholangiocarcinoma of bile duct or intrahepatic duct 1551, 1561

Malignant neoplasm of pancreas 157.x

Solid tumor without metastasis 1400-1729, 1740-1759, 179-1958, 20900-20924, 20925-2093, 20931-20936, 25801-
25803

Metastatic cancer 1960-1991, 20970-20975, 20979, 78951

Septic shock 785.52

Severe Sepsis 995.92

Systemic inflammatory response syndrome with acute organ dysfunction 995.94

Acute respiratory failure 518.81

Acute kidney failure 584.9

Thrombocytopenia 2875

Altered mental status 780.97

Abnormal coagulation 790.92

Procedure

ERCP

ERCP general code 51.1

Endoscopic sphincterotomy and papillotomy 51.85

Biliary ERCP

Endoscopic Retrograde Cholangiography 51.11

Endoscopic dilation of ampulla and biliary duct 51.84

Endoscopic insertion of stent (tube) into bile duct 51.87

Endoscopic removal of stone (s) from biliary tract 51.88

Pancreatic ERCP

Endoscopic Retrograde Pancreatography 52.92

Endoscopic insertion of stent (tube) into pancreatic duct 52.93

Endoscopic removal of stone (s) from pancreatic duct 52.94

Endoscopic dilation of pancreatic duct 52.98

ICD-9: International Classification of Diseases, ninth edition; ERCP: Endoscopic retrograde cholangiopancreatography.

Sensitivity analysis
To further clarify the optimal timing of ERCP in acute cholangitis, we performed an
additional analysis in which we treated the time to ERCP as a categorical variable
with  eight  levels  (days  0  to  day 7),  instead of  a  binary  categorical  variable.  We
compared the odds of outcomes between ERCP days 1 to 7, with ERCP performed on
the same day of admission as a reference.

RESULTS
During the study period, there were 12,476 adult discharges with acute cholangitis, of
which 4570 met the inclusion criteria and had ERCP during the admission (Figure 1).
The mean age was 64.1 years (SD = 18.2), and 51.8% were females (Table 2). Of those,
1528  (33.4%)  had  late  ERCP  and  3042  (66.6%)  had  early  ERCP.  Patients  who
underwent early ERCP were slightly younger, had less comorbid conditions, and
were less likely to be admitted during the weekend. There were no differences in the
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proportion of patients with severe cholangitis among the early and late ERCP group
(7.7% vs 7.1%, respectively; P = 0.473).

In hospital mortality, 30-d mortality, and 30-d readmission
Figure 2 shows the in-hospital  and 30-d outcomes among the two study groups.
Patients who had early ERCP had lower in-hospital mortality (1.2% vs 2.4%, aOR 0.50,
95%CI: 0.76-0.83, P = 0.001) and lower 30-d mortality (1.5% vs 3.3%, aOR 0.48, 95%CI:
0.33-0.69,  P  <  0.0001)  compared  to  the  late  ERCP  group.  Similarly,  ERCP  was
associated with lower 30-d readmissions (9.7% vs 15.1%, aOR 0.58, 95%CI: 0.49-0.7, P
< 0.0001) compared to late ERCP. As expected, mortality and readmissions rates were
higher  in  those  with  severe  compared  to  mild-moderate  cholangitis.  However,
cholangitis severity did not affect the association between early ERCP and improved
outcomes. Improved outcomes with early ERCP were present in both mild-moderate
and severe cholangitis groups. The most common causes of readmissions in the early
and  late  ERCP  groups  are  listed  in  Figure  3  Septicemia  and  biliary  disorders
(cholangitis, choledocholithiasis) were the most common causes of readmission.

Length of stay and costs of hospitalization
The mean length of stay was higher in the late ERCP group compared to the early
group (6.9 d vs 4.5 d, P < 0.0001) (Table 3). The mean hospitalization cost was higher
in the late ERCP group ($21459 vs $16939, P < 0.0001).

Sensitivity analysis
The results of sensitivity analysis are shown in Figures 3 and 4. The percentage of
patient who experienced in hospital mortality, 30-d mortality and 30-d readmission
increased  with  increasing  days  to  ERCP  (Figure  4).  There  was  no  difference  in
outcomes when ERCP was performed on the day of admission or the following day
(day 0  vs  1,  P  value > 0.05 for  all  outcomes)  (Figure 3).  Compared to the day of
admission, performing the ERCP on day 2 or later was associated with statistically
significant  increase  in  risk  of  30-d  mortality  (starting  on day 2)  and in-hospital
mortality (starting on day 3).

DISCUSSION
Acute cholangitis is considered a medical emergency, for which antibiotics and biliary
drainage with ERCP are indicated. Although antibiotics can treat the infection and
stabilize the patient, early biliary drainage via ERCP could improve clinical outcomes.
Using a large nationally representative database, we found an association between
early  ERCP  (<  48  h)  and  improved  in-hospital  mortality,  30-d  mortality,  and
readmissions. Controlling for comorbidities, ERCP within 48 h was associated with
50% lower mortality rate and up to 66% lower 30-d readmission rate. This beneficial
effect is likely due early source control of the underlying infection. These findings are
in line with results of previous smaller studies. A retrospective study of 203 patients
undergoing  ERCP  for  cholangitis  found  that  ERCP  after  48  h  of  diagnosis  was
associated with increased rates of persistent organ failure (aOR 3.1, 95%CI: 1.4-7.0)[2].
A retrospective study of 172 patients with acute cholangitis found that ERCP within
72 h is associated with increased risk of persistent organ failure and/or 30-d mortality
(OR 3.36,  95%CI 1.12-10.20)[5].  A separate analysis  of  the same group of  patients
showed that ERCP>72 h after admission was associated with increased rate of 30-d
readmission[14]. Another single-center study of 90 patients showed that delayed (> 72
h) or failed ERCP is associated with increased incidence of composite outcome of
mortality, persistent organ failure, and admission to the intensive care unit (OR 7.8, P
= 0.04)[3]. A recent single center study from Denmark found that ERCP within 24 h
was associated with lower 30-d mortality (OR 0.23, 95%CI: 0.05-0.95)[4]. Several similar
retrospective studies did not find a difference in mortality between early and late
ERCP[6-9]. This could be related to the low statistical power of some of these studies,
and the low incidence of mortality in some cohorts. The results of our large-database
analysis reaffirm the association of early ERCP with improved outcomes in patients
admitted with acute cholangitis. In the literature, there is no clear definition of “Early”
ERCP, which has been defined anywhere between 24 to 72 h from admission. We
found that ERCP on the day following the day of admission was not associated with
worse outcomes compared to ERCP on the day of admission (< 24 h). However, ERCP
beyond 48 h was significantly associated with increased 30-d mortality (Figure 5B).
Overall, there was stepwise increase in all primary outcomes with each one-day delay
in  ERCP  (Figures  3  and  4).  While  the  decision  on  timing  of  ERCP  has  to  be
individualized for every patient, we suggest that biliary drainage via ERCP should
not be delayed beyond 48 h of admission admitted with acute cholangitis. This also is
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Table 2  Clinical characteristics of adult discharges with cholangitis who underwent endoscopic retrograde cholangiopancreatography
during their hospital stay (n = 4570), stratified by timing to endoscopic retrograde cholangiopancreatography, Nationwide Readmission
Database January–November, 2014 n (%)

ERCP timing
P Value

Late ERCP, 1528 (33.4) Early ERCP, 3042 (66.6)

Clinical characteristics

Age, mean (SD), yr 65.1 (18.3) 63.6 (18.1) 0.0089

Age category 0.0560

Young adults (18-39 yr) 179 (11.7) 378 (12.4)

Middle age (40-64 yr) 472 (30.9) 1031 (33.9)

Older adults (> 65 yr) 877 (57.4) 1633 (53.7)

Male sex 717 (46.9) 1485 (48.8) 0.2271

Abdominal pain 87 (5.7) 115 (3.8) 0.0030

Jaundice 115 (7.5) 178 (5.9) 0.0292

Cholelithiasis 430 (28.1) 918 (30.2) 0.5810

Choledocholithiasis 968 (63.4) 2093 (68.8) 0.0088

Biliary obstruction 291 (19.0) 436 (14.3) < 0.0001

Acute pancreatitis 238 (15.6) 428 (14.1) 0.1734

Chronic pancreatitis 41 (2.7) 57 (1.9) 0.0747

Malignant pancreatic neoplasm 92 (6.0) 117 (3.8) 0.0009

Cholangiocarcinoma of bile duct 46 (3.0) 69 (2.3) 0.1300

Solid tumor without metastasis 95 (6.2) 156 (5.1) 0.1274

Metastatic cancer 78 (5.1) 117 (3.8) 0.0470

Severe Cholangitis 108 (7.1) 233 (7.7) 0.4729

≥ 4 Elixhauser comorbidities 365 (23.9) 549 (18.0) < 0.0001

Elixhauser mortality index mean (SD) 6.9 (5.4) 4.5 (3.9) < 0.0001

Elixhauser readmission index mean (SD) 14.0 (14.3) 11.4 (12.9) < 0.0001

ERCP techniques

Endoscopic sphincterotomy 1057 (69.2) 2,118 (69.6) 0.7554

Biliary/ampullary balloon dilation 232 (15.2) 394 (13.0) 0.0385

Biliary stent 737 (48.2) 1424 (46.8) 0.3638

Biliary stone extraction 827 (54.1) 1862 (61.2) < 0.0001

ERCP-pancreatic with intervention 56 (3.7) 108 (3.6) 0.8442

Admission characteristics

Weekend admission 475 (31.1) 615 (20.2) < 0.0001

Primary payer 0.0002

Medicare 835 (54.7) 1576 (51.8)

Medicaid 223 (14.6) 379 (12.5)

Private 353 (23.1) 882 (29.0)

Self-pay/uninsured 115 (7.5) 203 (6.7)

Discharge disposition < 0.0001

Discharged to home or self-care 1086 (71.1) 2441 (80.2)

Transfer: Short-term hospital 11 (0.7) 29 (1.0)

Transfer: Other type of facility 171 (11.2) 220 (7.2)

Home health care 217 (14.2) 302 (9.9)

Against medical advice 6 (0.4) 13 (0.4)

Died in the hospital 37 (2.4) 36 (1.2)

ERCP: Endoscopic retrograde cholangiopancreatography.

a clinically practical time to allow supportive care and possibly transfer to facilities
with ERCP capabilities.

The clinical  outcomes of  patients admitted with cholangitis  vary considerably
depending on the severity of cholangitis. In a retrospective study of 6063 patients with
acute cholangitis,  30-d mortality was 1.2% in mild cholangitis,  2.6% in moderate
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Figure 2

Figure 2  Comparison of outcomes in patients hospitalized with cholangitis in early vs late endoscopic retrograde cholangiopancreatography stratified by
cholangitis severity. Early endoscopic retrograde cholangiopancreatography (ERCP): Performed on the same day of admission or next day (days 0 or 1, < 48 h);
Late ERCP: Performed on days 2 to 7 of admission (days 2-7, > 48 h after admission). Odds ratio for mortality outcomes was obtained from multivariable logistic
regression controlling for age, sex, severe disease, and mortality score. Mortality score was replaced with readmission score for readmission outcomes. OR: Odds
ratio; CI: Confidence interval; ERCP: Endoscopic retrograde cholangiopancreatography.

cholangitis, and 5.1% in severe disease[15]. The same study found that urgent (< 24 h)
or early (< 48 h) ERCP was associated with improved mortality, but only in patients
with moderate cholangitis. The timing of ERCP did not influence 30-d mortality in the
mild or severe disease groups. However, this study also included patients who did
not undergo ERCP in the “late” ERCP group. We found that the association of early
ERCP within 48 h was present in both severe and mild-moderate cholangitis (Figure
2). This has important clinical implications. Biliary drainage in mild or moderate
cholangitis is widely considered less urgent than in patients with severe disease. The
Tokyo 2018 guidelines recommend antibiotics for patients with mild cholangitis, and
ERCP only if the patients do not respond to antibiotics[10]. In practice, these patients
often receive antibiotics,  followed by ERCP on an elective basis.  In patients with
moderate cholangitis, the same guidelines recommend “early” ERCP. While we could
not differentiate between mild and moderate cases, our results suggest that in patients
without severe disease, ERCP should be performed within 48 h of diagnosis. It might
not be appropriate to rely on antibiotics alone and delay ERCP in patients with mild
cholangitis until they progress to moderate or severe disease. Early (< 48 h) definitive
management  is  appropriate  to  treat  the  underlying  obstruction  and  infection
regardless of how stable the patient appears initially[16]. Further studies that utilize a
large number of patients with confirmed mild cholangitis could shed more light on
the optimal timing of ERCP in this subgroup of patients.

We observed that  early  ERCP is  also  associated with lower 30-d readmission.
Thirty-day readmission was 15.1% in the late ERCP group compared to 9.7% in the
early group (adjusted OR 0.58, 95%CI: 0.49-0.7, P < 0.0001). Only one previous small
study (n = 168) showed a similar association between delayed ERCP > 48 h and higher
30-d readmissions (OR 2.47; 95%CI: 1.01-6.07)[14]. In our analysis, we found that the
most  common reasons for  readmissions were similar  in the early and late ERCP
groups,  with  sept icemia  and  recurrent  bi l iary  disease  (cholangit is ,
choledocholithiasis)  being  the  most  common  (Figure  5).  Although  the  exact
mechanism  how  early  ERCP  decreases  readmissions  is  not  entirely  clear,  we
hypothesize that early ERCP might reduce risk of bacteremia and end organ damage
which reduces morbidity and future readmissions.

Our  results  show  an  association  between  early  ERCP  and  reduced  length  of
hospital  stay  (mean  difference  of  2.1  d),  and  lower  hospitalization  costs  (mean
difference of $3760). This is similar to previous studies that addressed this topic[4,8,17].
This highlights the importance of definitive therapy not only to improve outcomes but
also to reduce costs associated with cholangitis hospitalizations.

Strengths of our study include the large sample size that allowed for multivariable
analysis and stratification per disease severity groups. The large sample size and
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Figure 3

Figure 3  Comparison of outcomes in patients hospitalized with cholangitis based on timing of endoscopic retrograde cholangiopancreatography, with
endoscopic retrograde cholangiopancreatography on the day of admission (< 24 h) as the reference. Odds ratio for mortality outcomes was obtained from
multivariable logistic regression controlling for age, severe disease, and mortality score. Mortality score was replaced with readmission score for readmission
outcomes. aOR: Adjusted odds ratio; CI: Confidence interval; ERCP: Endoscopic retrograde cholangiopancreatography.

longitudinal nature of the database allowed us to examine important in-hospital and
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Table 3  Length of stay, endoscopic retrograde cholangiopancreatography to discharge time, and hospitalization costs in patients with
early and late endoscopic retrograde cholangiopancreatography

Outcome Late ERCP Early ERCP Adjusted mean difference of early vs late ERCP (95%CI) P Value

Length of stay in days, mean (SD) 6.9 (5.4) 4.5 (3.9) -2.1 d (1.9-2.4) < 0.0001

Hospitalization costs (mean) $21459 $16939 -$3760 ($2803-$4718) < 0.0001

ERCP: Endoscopic retrograde cholangiopancreatography.

30-d mortality outcomes, rather than surrogate outcomes such as persistent organ
failure, ICU admissions, and clinical improvement[2,3,7]. The database contains records
that  are  representative  of  the  general  US  population,  with  a  mixture  of
choledocholithiasis  and  malignant  obstruction.  It  also  captures  statewide
readmissions, which overcomes the limitation of single center studies that capture
center-specific readmissions and outcomes.

There  are  several  limitations  to  our  analysis.  Similar  to  most  administrative
databases,  the  NRD  does  not  contain  important  clinical  information  such  as
laboratory values, medications, and results of imaging studies. We relied on ICD-9
codes for data collection, which could be incomplete or inaccurate in documenting
diagnosis and procedures. When considering ERCP timing and outcomes, there is a
risk of selection bias, where healthier patients undergo early ERCP, while sicker once
undergo later ERCP. However, we conducted a multivariable analysis controlling for
several confounders including mortality and readmission scores, and the presence of
severe disease. We also stratified the results into severe and mild-moderate disease,
and this showed a similar association of early ERCP with improved outcomes. Using
the NRD, we can only evaluate for the present of the diagnosis on admission, but
cannot identify the exact time of diagnosis or the onset of symptoms.

In conclusion, in this large nationally representative sample of patients with acute
cholangitis,  early ERCP within 48 h of admission was associated with significant
decrease in in-hospital and 30-d mortality, and readmissions. ERCP within 48 h was
also associated with decreased hospital length of stay and costs.  We recommend
performing ERCP within 48 h in patients presenting with acute cholangitis regardless
of disease severity.
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Figure 4

Figure 4  Outcomes in patients hospitalized with cholangitis based on timing to endoscopic retrograde cholangiopancreatography based on endoscopic
retrograde cholangiopancreatography day. Day 0 is the day of admission. ERCP: Endoscopic retrograde cholangiopancreatography.

Figure 5

Figure 5  Top reasons for 30-d readmission after a hospitalization with acute cholangitis, stratified by endoscopic retrograde cholangiopancreatography
timing. A: Early endoscopic retrograde cholangiopancreatography (ERCP) group (days 0 or 1, < 48 h); B: Late ERCP group (days 2-7, > 48 h after admission). Biliary
tract disease included cholangitis, choledocholithiasis, and cholecystitis.

WJGE https://www.wjgnet.com January 16, 2019 Volume 11 Issue 1

Mulki R et al. Outcomes of early and late ERCP in acute cholangitis

51



ARTICLE HIGHLIGHTS
Research background
Acute cholangitis  is  associated with a  high mortality when the diagnosis  and treatment is
delayed. After the diagnosis is made, the most common method for source control is endoscopic
retrograde cholangiopancreatography (ERCP).  The exact  timing of  ERCP and its  outcomes
remains unclear.

Research motivation
The recent 2018 Tokyo guidelines suggest “early” ERCP for mild cholangitis, and “urgent” ERCP
for severe cholangitis with no clear defining parameters.

Research objectives
The objectives of this study was to determine the effect of early ERCP vs late ERCP on mortality
and readmissions in a large nationally representative sample with acute cholangitis. This could
help determine the optimal timing for ERCP as a guide to practicing clinicians.

Research methods
We used the 2014 National Readmissions Database to identify patients hospitalized with acute
cholangitis. Early ERCP was defined as ERCP performed < 48 h from admission, and late ERCP
was defined as ERCP performed > 48 h. Multivariate logistic regression was used to calculate the
adjusted odds of association of ERCP timing with in-hospital mortality, 30-d mortality, and 30-d
readmissions, controlling for age, sex, severe disease and comorbidities.

Research results
Four thousand five hundred and ninety-two patients satisfied the inclusion criteria; 65.9% had
early ERCP, while 34.1% had late ERCP. Early ERCP was associated with lower in-hospital
mortality (1.2% vs 2.4%) adjusted odds ratio (aOR), lower 30-d mortality (1.5% vs 3.3%), and a
lower 30-d readmission rate (9.7% vs 15.1%). When stratified by severity of cholangitis, there was
a similar benefit.

Research conclusion
There is a clear benefit from performing an early ERCP, specifically < 48 h from admission, for
biliary drainage in patients with acute cholangitis regardless of severity. The benefits include,
lower in-hospital mortality, 30-d mortality, 30-d readmission and reduced hospitalization costs.

Research prospective
Early ERCP seems to offer a mortality benefit compared to later ERCP. This data adds to the
body of evidence from other studies about the benefit of early ERCP. Therefore hospitals should
have the resources to perform ERCP early in patients with cholangitis, regardless of severity.
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