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ABSTRACT

Background and study aims Pancreatic necrosis is an in-

dependent predictor of morbidity and mortality among pa-

tients with acute pancreatitis. We compared the safety and

outcomes of three techniques including endoscopic necro-

sectomy, fluoroscopy-guided percutaneous necrosectomy

by an interventional radiologist, and surgical necrosect-

omy.

Patients and methods Using the Nationwide Readmis-

sions Database, we identified hospitalized patients who un-

derwent pancreatic necrosectomy from 2016 to 2019. They

were identified using the International Classification of Dis-

eases, 10th Revision, Procedure Coding System.

Results: Of the 2,281 patients meeting the selection crite-

ria, the method of pancreatic necrosectomy was as follows:

endoscopy (n =672), percutaneous (n =1,338), and surgery

(n =271). Compared to surgery, the rate of mortality was

lowest for endoscopy (hazard ratio (HR) 0.27; 95% CI

0.08–0.90; P=0.033) followed by percutaneous (HR 0.44;

95% CI, 0.20–0.98; P=0.045). Endoscopy was associated

with less post-procedure bleeding compared to percuta-

neous and surgical necrosectomy (P <0.001), as well as low-

er rates of post-procedure renal failure (P<0.001) and re-

spiratory failure (P=0.002). Endoscopy was associated with

average shorter lengths of stay and total hospital costs

when compared with percutaneous and surgical approa-

ches, respectively (20.1 vs 25.8 vs 38.3 days; P <0.001) and

($57K vs $76K vs $123K; P <0.001).

Conclusions Endoscopic necrosectomy is associated with

significantly lower risk of inpatient mortality, adverse

events, length of stay, and cost when compared to percuta-

neous and surgical approaches.

Supplementary material is available under

https://doi.org/10.1055/a-1994-6214
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Introduction
In the United States, acute pancreatitis is the third most com-
mon hospital-related gastrointestinal disorder. Acute pancrea-
titis is a considerable health care burden with an estimated an-
nual cost of $ 2.2 billion [1, 2]. Necrotizing disease develops in
approximately 15% to 20% of patients with pancreatitis and
carries a mortality rate as high as 39% [3, 4]. The 2020 Ameri-
can Gastroenterological Association (AGA) guidelines recom-
mend drainage and/or debridement of pancreatic necrosis
with symptoms or associated complications such as obstruc-
tion, recurrent pancreatitis, or fistula formation [5].

Traditionally, open necrosectomy was the gold standard ap-
proach in managing necrotizing pancreatitis [6]. However, ear-
lier surgical debridement techniques were associated with sig-
nificant morbidity and mortality [7–11]. The current standard
of care involves a minimally invasive “step-up” approach invol-
ving endoscopic methods of drainage and/or debridement and
has largely made direct surgical necrosectomy a thing of the
past [5, 12–14]. Furthermore, current evidence suggest that
endoscopy may offer long-term advantages over the percuta-
neous approach [15]. This paradigm shift is supported by the
literature with studies reporting similar or improved mortality
and reduced complication rates including but not limited to or-
gan failure, pancreatic fistula, incisional hernia, and pancreatic
insufficiency with endoscopy [16–19].

Nevertheless, nationwide studies evaluating the effect of
surgical, percutaneous, and endoscopic intervention on clinical
outcomes is not well described in the literature. Thus, we aimed
to examine the effect of each of these interventions on 30-day
readmission rates, inpatient mortality, and healthcare utiliza-
tion using a nationwide inpatient database.

Patients and methods
Data source

A national retrospective cohort study was conducted using the
Healthcare Cost and Utilization Project (HCUP) Nationwide
Readmissions Database (NRD) from 2016 to 2019. The NRD is
a database of inpatient admissions and readmissions represent-
ing about 60% of all-payer hospitalizations and the United
States population [20]. International Classification of Diseases,
Tenth Revision (ICD-10) codes were used to identify diagnoses
and procedures. Patients were included in the study if they
were at least 18 years of age with a non-elective admission di-
agnosis of pancreatic necrosis (ICD-10-CM codes K85.9,
K85.01, K85.02, K85.11, K85.12, K85.21, K85.22, K85.31,
K85.32, K85.81, K85.82) and further stratified according to
endoscopic (ICD-10-CM code 0F9G8), percutaneous (by an in-
terventional radiologist) (ICD-10-CM code 0F9G3), and surgical
necrosectomy (ICD-10-CM codes 0F9G0) from January to No-
vember; patients were excluded if admitted in December to
track 30-day readmission rates. Readmissions were also exclud-
ed if related to a traumatic injury.

Characteristics

Baseline patient characteristics included demographical vari-
ables (age and gender), length of hospital stay for index admis-
sion, elective admission, day of admission, hospital teaching
status, number of beds, type of insurance (Medicare, Medicaid,
private, self-pay, other), rural-urban district code, household
income, discharge outcome (death or survival), and 30-day
readmission status. We calculated the Elixhauser comorbidity
index to adjust for multiple comorbidities, which accounts for
29 clinical variables [21]. Elixhauser comorbidity software by
Quan et al. is a user-available program utilized to classify co-
morbidities [22, 23].

Outcomes

Outcomes included readmission rates, length of stay, cost, ad-
verse events, and mortality. Readmissions were identified using
the unique identifier “nrd_visitlink”. Readmissions were includ-
ed if they occurred after an index admission, met the inclusion
criteria, and were within 30 days. Inherently, patients who died
during the index hospitalization were excluded. Patients with
multiple readmissions had their primary and subsequent read-
missions identified and separated for analysis. Time to readmis-
sion was calculated from the day of index admission discharge
to the day of readmission. Total cost was provided per individ-
ual patient within the NRD database and extracted for analysis.
We calculated and compared median and interquartile costs for
each treatment modality.

Statistical analysis

Missing data were examined quantitatively and plotted for vi-
sualization. Little’s test was used to determine if data were
missing completely at random (MCAR) with significance at P<
0.05.Data were also analyzed using the covariate-dependent
missingness (CDM) assumption, an extension of Little’s test, ac-
counting for covariates and unequal variances [24]. Variables
with more than 2% missing data that failed Little’s MCAR and
CDMtesting underwent multiple imputations (25 datasets) for
sensitivity analysis [25].

Data was analyzed by descriptive statistics; categorical val-
ues were represented as percentages, while continuous vari-
ables were represented by median and interquartile ranges.
Pearson χ2 tests were used to compare categorical variables.
Kaplan Meier estimations were used to illustrate differences in
30-day mortality among each modality. We used multivariable
regression analysis to evaluate the effect of each treatment
modality on outcome variables; cox proportion regression anal-
ysis was used to determine the risk of mortality. All statistical
analyses were performed with Stata 17 (College Station, Texas,
United States). The study was determined to be exempt from
Institutional Review Board review because human subjects
were not involved. Data was acquired from a de-identified reg-
istry publicly accessible.
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▶Table 1 Study characteristics of patients undergoing surgical, percutaneous, and endoscopic necrosectomy.

Variables Surgical necrosectomy Percutaneous necro-

sectomy

Endoscopic necrosect-

omy

Obs, n P value

% SE % SE % SE

Hospital procedure volume

▪ 1st quintile 1.05 (0.75) 2.61 (0.54) 1.01 (0.46) 45 0.000

▪ 2nd quintile 5.04 (1.83) 4.75 (0.80) 0.99 (0.50) 84

▪ 3 rd quintile 11.93 (2.86) 7.30 (1.07) 4.37 (1.21) 159

▪ 4th quintile 21.40 (3.78) 12.99 (1.54) 13.33 (2.16) 321

▪ 5th quintile 60.58 (4.89) 72.35 (2.22) 80.30 (2.64) 1,672

▪ Total 100.00 100.00 100.00 2,281

Indicator of sex

▪ Male 66.96 (4.82) 66.75 (1.81) 62.51 (2.79) 1,494 0.463

▪ Female 33.04 (4.82) 33.25 (1.81) 37.49 (2.79) 786

▪ Total 100.00 100.00 100.00 2,281

Calendar year

▪ 2016 6.34 (1.92) 5.16 (0.98) 0.00 (0.00) 86 0.000

▪ 2017 35.16 (5.26) 39.83 (3.05) 5.43 (1.45) 665

▪ 2018 30.57 (4.77) 26.57 (2.49) 42.43 (4.27) 723

▪ 2019 27.93 (4.73) 28.44 (2.73) 52.13 (4.29) 806

▪ Total 100.00 100.00 100.00 2,281

Insurance carrier

▪ Medicare 30.07 (4.26) 31.48 (1.98) 29.69 (2.90) 671 0.923

▪ Medicaid 22.16 (3.76) 19.55 (1.75) 17.75 (2.27) 421

▪ Private insurance 44.27 (5.36) 44.28 (2.08) 47.63 (2.78) 986

▪ Self-pay 3.51 (1.56) 4.69 (0.87) 4.94 (1.49) 101

▪ Total 100.00 100.00 100.00 2,179

Median household income

▪ 0–25th percentile 22.69 (4.08) 22.06 (1.63) 24.31 (2.85) 516 0.663

▪ 26th to 50th percentile (median) 30.27 (4.16) 31.21 (2.03) 26.12 (2.45) 669

▪ 51st to 75th percentile 31.06 (3.59) 27.93 (1.84) 28.32 (2.78) 643

▪ 76th to 100th percentile 15.98 (3.09) 18.80 (1.66) 21.25 (2.52) 434

▪ Total 100.00 100.00 100.00 2,262

Bed size of hospital

▪ Small 5.27 (1.89) 5.41 (1.00) 2.89 (1.29) 106 0.274

▪ Medium 21.52 (4.61) 15.13 (1.84) 14.72 (2.60) 360

▪ Large 73.21 (4.78) 79.45 (2.07) 82.38 (2.85) 1,815

▪ Total 100.00 100.00 100.00 2,281
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Results
Study characteristics

Between 2016 and 2019, 2,281 patients met the selection
criteria of which 34% (n=786) were females. The method of
pancreatic necrosectomy (as well as average age with standard
deviation) was as follows: endoscopy, 672 (52.1 ± 12.01 years);
percutaneous, 1,338 (53.2 ± 11.6 years); and surgery, 271
(52.0 ± 12.01 years). The number of necrosectomies consis-
tently increased each year with 86 procedures performed in
2016, 665 in 2017, 723 in 2018, and 806 in 2019 (▶Table 1).

Hospital practices

The majority of necrosectomies were performed at high-vol-
ume centers (75%, n =1,672), with a large bed capacity (79.6
%, n =1,815), and located typically in the central counties of
large metropolitan areas with a population exceeding 1 million
people (66.3%, n =1,513). Clinical centers were likely to be me-
tropolitan teaching hospitals (92.7%, =2,114), and the most
common payer for the inpatients was private insurance (45%,
n =986), followed by Medicare (30.8%, n =671).

▶Table 1 (Continuation)

Variables Surgical necrosectomy Percutaneous necro-

sectomy

Endoscopic necrosect-

omy

Obs, n P value

% SE % SE % SE

Hospital urban-rural designation

▪ Large metropolitan areas with at
least 1 million residents

59.92 (5.21) 65.75 (2.91) 70.11 (3.72) 1,513 0.197

▪ Small metropolitan areas with
less than 1 million residents

40.08 (5.21) 33.42 (2.89) 29.89 (3.72) 756

▪ Micropolitan areas 0.00 (0.00) 0.83 (0.34) 0.00 (0.00) 11

▪ Total 100.00 100.00 100.00 2,281

Teaching status

▪ Metropolitan non-teaching 10.23 (2.70) 7.86 (1.11) 3.42 (0.98) 156 0.022

▪ Metropolitan teaching 89.77 (2.70) 91.31 (1.17) 96.58 (0.98) 2,114

▪ Non-metropolitan hospital 0.00 (0.00) 0.83 (0.34) 0.00 (0.00) 11

▪ Total 100.00 100.00 100.00 2,281

Patient Location

▪ Central counties of metro areas
of > = 1 million population

21.89 (3.61) 25.80 (1.97) 25.53 (2.91) 574 0.426

▪ Fringe counties of metro areas
of ≥1 million population

24.72 (4.53) 21.84 (1.67) 26.47 (3.13) 535

▪ Counties in metro areas of
250,000–999,999 population

30.00 (4.21) 22.86 (1.83) 20.91 (2.67) 526

▪ Counties in metro areas of
50,000–249,999 population

7.91 (2.47) 14.09 (1.55) 11.45 (1.92) 286

▪ Micropolitan counties 10.62 (2.68) 8.76 (1.30) 8.21 (1.78) 201

▪ Not metropolitan or
micropolitan counties

4.85 (1.99) 6.66 (1.20) 7.44 (1.55) 152

▪ Total 100.00 100.00 100.00 2,274

Admission day is a weekend

▪ Admitted Monday-Friday 72.90 (3.91) 72.90 (1.75) 77.02 (2.39) 1,690 0.344

▪ Admitted Saturday-Sunday 27.10 (3.91) 27.10 (1.75) 22.98 (2.39) 590

▪ Total 100.00 100.00 100.00 2,281
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▶Table 2 Multivariable cox regression showing the risk of readmission for patients undergoing surgical, percutaneous, and endoscopic necrosectomy.

Variables Hazard ratio P value 95% CI

Necrosectomy

▪ Surgical 1.00

▪ Percutaneous 1.48 0.156 [0.86–2.53]

▪ Endoscopic 1.43 0.247 [0.78–2.63]

Hospital procedure volume

▪ 1st quintile 1.00

▪ 2nd quintile 1.00 0.998 [0.35–2.86]

▪ 3 rd quintile 0.73 0.567 [0.24–2.17]

▪ 4th quintile 1.02 0.964 [0.39–2.68]

▪ 5th quintile 0.92 0.866 [0.36–2.34]

▪ Age in years at admission 1.00 0.522 [0.98–1.01]

Indicator of sex

▪ Male 1.00

▪ Female 1.00 0.999 [0.71–1.42]

Calendar year

▪ 2016 1.00

▪ 2017 1.32 0.472 [0.62–2.81]

▪ 2018 1.40 0.368 [0.67–2.94]

▪ 2019 1.72 0.150 [0.82–3.62]

Insurance carrier

▪ Medicare 1.00

▪ Medicaid 1.01 0.956 [0.62–1.65]

▪ Private insurance 1.11 0.574 [0.77–1.61]

▪ Self-pay 0.84 0.724 [0.32–2.21]

Median household income

▪ 0–25th percentile 1.00

▪ 26th to 50th percentile 1.16 0.498 [0.76–1.77]

▪ 51st to 75th percentile 1.30 0.277 [0.81–2.07]

▪ 76th to 100th percentile 1.33 0.295 [0.78–2.25]

Bed size of hospital

▪ Small 1.00

▪ Medium 1.15 0.758 [0.47–2.79]

▪ Large 1.30 0.531 [0.57–2.98]

Hospital urban-rural designation

▪ Large metropolitan areas with≥1 million residents 1.00

▪ Small metropolitan areas with < 1 million residents 1.52 0.081 [0.95–2.43]

▪ Micropolitan areas 1.17 0.780 [0.38–3.63]
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Readmissions

From the total cohort of patients, approximately 24.2% (n=
552) of patients who underwent necrosectomy experienced
30-day hospital readmission. Using multivariable cox regres-
sion analysis, compared to surgery, percutaneous necrosect-
omy had a mildly higher risk for readmission followed by endos-
copy, however, this was not statistically significant (percuta-
neous hazard ratio (HR): 1.48, 95% CI 0.86 – 2.53, P=0.156;
endoscopy HR: 1.43, 95% CI 0.78 – 2.63, P=0.247) (▶Table 2).

Mortality and adverse events

Kaplan Meier survival analysis comparing endoscopy, percuta-
neous, and surgical necrosectomy revealed that endoscopy
was associated with the lowest 30-day mortality outcome (P=
0.0356) (▶Fig. 1). Using adjusted Cox proportion regression
models, compared to surgery, the risks of mortality was lowest
for endoscopy (HR: 0.27; 95% CI 0.08–0.90; P =0.033) followed
by percutaneous (HR: 0.44; 95% CI, 0.20–0.98; P =0.045) (▶Ta-
ble3). Endoscopy was associated with less post-procedure
bleeding and need for transfusion of blood products compared
to percutaneous and surgical necrosectomy (n=74 vs n=195 vs
n=102; P<0.001 and n=41 vs n=177 vs n=51; P <0.001,
respectively). Endoscopy and surgery had similar rates of acute
kidney injury (AKI); however, the rate of AKI was lower when
compared to percutaneous necrosectomy (n=134, vs n =449,
vs n =133; P <0.001). Endoscopic necrosectomy was least likely
to be associated with respiratory failure when compared to per-
cutaneous and surgical approaches (n <10, vs n =18, vs n=13; P
=0.002), see Supplementary Table1. Due to HCUP guidelines,
data with counts < 10 could not be presented.

Length of stay and cost

Endoscopy was associated with an average shorter length of
stay of 20.1 days compared to 25.8 days for percutaneous ne-
crosectomy and 38.3 days for surgical necrosectomy (P<
0.001). Total hospital costs were lowest for endoscopy compar-
ed to percutaneous and surgical necrosectomies, respectively
($57K vs $76K vs $123K, P<0.001).

▶Table 2 (Continuation)

Variables Hazard ratio P value 95% CI

Teaching status

▪ Metropolitan non-teaching 1.00

▪ Metropolitan teaching 0.97 0.934 [0.53–1.80]

▪ Non-metropolitan hospital 1.00

Patient location

▪ Central counties of metro areas ≥1 million population 1.00

▪ Fringe counties of metro areas ≥1 million population 0.96 0.851 [0.63–1.47]

▪ Counties in metro areas of 250,000–999,999 population 1.01 0.975 [0.55–1.84]

▪ Counties in metro areas of 50,000–249,999 population 1.02 0.955 [0.57–1.83]

▪ Micropolitan counties 1.00 0.999 [0.45–2.23]

▪ Not metropolitan or micropolitan counties 1.18 0.679 [0.54–2.60]

▪ Admission day is a weekend 0.80 0.233 [0.55–1.16]

▪ Elixhauser Comorbidity Summary 1.10 0.013 [1.02–1.18]

1.00

0.95

0.90

0.85
0 10

Cox test P-value = 0.0356

Surgical necrosectomy
Percutaneous necrosectomy
Endoscopic necrosectomy

20

Length of stay (days)

Inpatient mortality

30
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al

 p
ro
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bi
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▶ Fig. 1 Survival curve comparing endoscopic, percutaneous, and
surgical necrosectomy using cox regression analysis.
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▶Table 3 Multivariable cox regression showing mortality risk.

Variables Hazard Ratio P value 95% CI

Necrosectomy

▪ Surgical 1.00

▪ Percutaneous 0.44 0.045 [0.20–0.98]

▪ Endoscopic 0.27 0.033 [0.08–0.90]

Hospital procedure volume

▪ 1st quintile 1.00

▪ 2nd quintile 586303537.04

▪ 3 rd quintile 637016451.05 0.000 [7.3e +07–5.5e +09]

▪ 4th quintile 1172755835.53 0.000 [8.9e +07–1.5e +10]

▪ 5th quintile 1036563885.57 0.000 [6.8e +07–1.6e +10]

▪ Age in years at admission 1.05 0.004 [1.02–1.09]

Indicator of sex

▪ Male 1.00

▪ Female 0.68 0.411 [0.27–1.70]

Calendar year

▪ 2016 1.00

▪ 2017 1.53 0.514 [0.43–5.45]

▪ 2018 3.36 0.010 [1.33–8.47]

▪ 2019 3.66 0.010 [1.36–9.82]

Insurance carrier

▪ Medicare 1.00

▪ Medicaid 0.67 0.663 [0.11–3.98]

▪ Private insurance 1.33 0.504 [0.58–3.06]

▪ Self-pay 1.03 0.959 [0.29–3.64]

Median household income

▪ 0–25th percentile 1.00

▪ 26th to 50th percentile (median) 1.52 0.469 [0.49–4.78]

▪ 51st to 75th percentile 0.93 0.907 [0.28–3.09]

▪ 76th to 100th percentile 0.62 0.461 [0.17–2.22]

Bed size of hospital

▪ Small 1.00

▪ Medium 3.00 0.499 [0.12 –73.47]

▪ Large 1.71 0.761 [0.05 –53.50]

Hospital urban-rural designation

▪ Large metropolitan areas with
≥1 million residents 1.00

▪ Small metropolitan areas with
< 1 million residents 1.40 0.586 [0.41–4.76]

▪ Micropolitan areas 0.00
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Discussion
To our knowledge, this is the first nationwide study to assess
outcomes and healthcare utilization among patients undergo-
ing three therapeutic modalities for pancreatic necrosectomy
using endoscopic, percutaneous, and surgical approaches.
This study includes several novel observations.

First, the number of necrosectomies identified in this na-
tionwide database increased each year and were primarily per-
formed at academic teaching hospitals. It is unclear what is
driving this increased number of pancreatic necrosectomies
and may be multifactorial. However, anecdotally, since the
widespread adoption of lumen apposing metal stents (LAMS)
into clinical practice as well as the adoption of a ‘step-up’ ap-
proach, the number of necrosectomies has shifted towards
endoscopy from percutaneous and surgical approaches. How-
ever, this may not fully explain the rise observed in this study
and may reflect a limitation of the database pertaining to a
change in coding from ICD-9 to ICD-10.

Readmission rates were similar for all three methods. Our
data is in-line with a single center UK study comparing endo-
scopic, minimal access retroperitoneal (MARPN), and open ne-
crosectomy which reported similar readmission rates among
these modalities (P=0.850) [26]. A US study by Bang et al. com-
pared endoscopic and surgical approaches, which also reported
similar readmission rates between the two cohorts (P=0.145)
[27].

Second, endoscopy was associated with significantly less
mortality (despite controlling for the severity of illness across
multiple parameters using Elixhauser comorbidity scores).
When compared to surgery, patients undergoing endoscopic
necrosectomy were 73% less likely to experience mortality,
while the percutaneous approach was associated with 54% less
mortality. To this end, a meta-analysis comparing endoscopic

and surgical drainage for necrotizing pancreatitis comprising
of 11,807 patients showed that the pooled rate of mortality fol-
lowing surgical necrosectomy was 22% (95% confidence inter-
val [CI]: 19%-26%) and 3% (95%CI:2%-4%) in the endoscopic
drainage cohort [28]. Khan et al. performed a meta-analysis
comparing endoscopic and percutaneous drainage of pancreat-
ic fluid collections which included seven studies with 490 pa-
tients [29]. The study reported that five deaths occurred during
30-day follow-up in the percutaneous group, while no deaths
occurred in the endoscopic group (P=0.16). Our study looked
at real-world outcomes using a readmission claims database to
provide nationally representative and comparative data across
all three modalities; our analysis demonstrated that endoscopy
was least likely to be associated with inpatient mortality as well
as less blood transfusion requirements and incidence of respira-
tory failure.

Third, endoscopy had the shortest average length of hospital
stay. On average, patients stayed a total of 20 days if they had
an endoscopic necrosectomy compared to 38 days with
percutaneous necrosectomy and 38.3 days with surgical necro-
sectomy. The randomized trial by Bang et al. showed that pa-
tients who had endoscopic necrosectomy spent on average
16.5 (± 12.2) days in the hospital compared with patients who
had surgery spent on average 23.3 (17.5) days in the hospital
[27]. However, this was not statistically significant (P=0.57)
likely due to the small sample size (n =66). However, a trend to-
wards statistical significance (P=0.57) together with the find-
ings in our study provides more evidence that patients who un-
dergo endoscopic interventions for treating pancreatic necrosis
are likely to experience shorter hospital lengths of stay.

When compared to the cost of surgery, endoscopic necro-
sectomy, on average, was associated with $66K less cost per pa-
tient. Patients who underwent percutaneous necrosectomy ex-
perienced an average reduction of $47K compared to the cost

▶Table 3 (Continuation)

Variables Hazard Ratio P value 95% CI

Teaching status of urban hospitals

▪ Metropolitan non-teaching 1.00

▪ Metropolitan teaching 1.86 0.563 [0.23 –15.09]

▪ Non-metropolitan hospital 1.00

Patient Location: NCHS Urban-Rural Code

▪ Central counties of metro areas≥1 million population 1.00

▪ Fringe counties of metro areas≥1 million population 0.98 0.963 [0.38–2.49]

▪ Counties in metro areas of 250,000–999,999 population 1.07 0.924 [0.26–4.47]

▪ Counties in metro areas of 50,000–249,999 population 0.92 0.903 [0.22–3.82]

▪ Micropolitan counties 0.38 0.355 [0.05–2.98]

▪ Not metropolitan or micropolitan counties 0.70 0.758 [0.07–6.82]

▪ Admission day is a weekend 0.73 0.497 [0.30–1.79]

▪ Elixhauser Comorbidity Summary 0.99 0.956 [0.80–1.23]

Ramai Daryl et al. Safety of endoscopic… Endosc Int Open 2023; 11: E330–E339 | © 2022. The Author(s). E337



associated with surgery. These findings are consistent with
prior observations [27]. Prasath et al. performed a cost-effec-
tiveness analysis comparing endoscopic and surgical necro-
sectomy [30]. The study showed that using an endoscopic
step-up approach was the dominant economic strategy with
7.92 QALYs for $90,864.09. Using a surgical step-up approach
resulted in a decrease of 0.09 QALYs and a cost increase of
$10,067.89 while open necrosectomy resulted in a decrease of
0.4 QALYs and an increased cost of $18,407.52.

Our study has limitations. First, admissions were identified
using only the primary diagnosis, consistent with best used
methodologies provided by HCUP. This accepted protocol en-
sures that only patients with pancreatic necrosis are identified.
Nonetheless, patients may be missed if their disease led to ad-
mission but was not listed as the first diagnosis or if they were
treated as outpatients. Second, due to the retrospective obser-
vational nature of this study, residual confounders may be mis-
sed, and causality cannot be established. Third, while we were
able to control for severity of illness, we were unable to account
for why patients were treated by a specific modality. In theory,
percutaneous and/or surgical approaches could be used for
more complex cases and thereby influence outcomes. Further-
more, despite controlling for severity of illness, mortality in se-
vere acute pancreatitis can be due to several other systemic
factors including the presence of infected necrosis not fully
accounted for in our study. Fourth, the NRD does not provide
medications, laboratory, or imaging results. Finally, as comor-
bidities are identified using the presence of specific ICD-10
codes, the potential for coding errors or missed coding may
skew the results.

Conclusions
Our study is the first to compare endoscopic, percutaneous,
and surgical necrosectomy across a validated nationwide inpa-
tient database. This study highlights the safety and economic
impact of using endoscopy as the preferred method for necro-
sectomy in patients with pancreatic necrosis.
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