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Background: Currently, the concept of “a single cause results in acute pancreatitis (AP)” has been deeply
incorporated into clinical practice, whereas the concept of “compound-etiology” has not attract considerable
attention. This study aimed to explore the impact of the category of etiology on AP clinical outcomes.
Methods: Patients with AP hospitalized within 72 h of symptom onset were retrospectively enrolled
in this study from January 2014 to October 2019. AP etiology was classified into two main categories:
single-etiology and compound-etiology category. The single-etiology category mainly includes biliary,
hypertriglyceridemia (HTG), and alcohol. The compound-etiology category refers to AP with two or
more causes, which mainly include dual-etiology and triple-etiology category, that is the biliary-HTG type,
HTG-alcoholic type, and biliary-HTG-alcoholic type. The general information and clinical outcomes were
reviewed and compared in AP patients with different etiologies.

Results: Two hundred sixty-eight out of a total of 904 AP patients belonged to the compound-etiology
category. Compared with the single-etiology category, the patients in the compound-etiology category were
younger, more predominantly male, more likely to be obese (body mass index >30 kg/m’) and more likely
to have pre-existing diabetes. The clinical outcomes were worse for patients with increasing complexity
of etiology type, as shown by comparison of the incidence of any organ failure (P<0.001); persistent organ
failure (POF) (P<0.001); intensive care unit need (P<0.001); local complications (P<0.001). AP with HTG
had a higher rate of POF (P=0.032) and acute necrotic collection (P=0.013) than AP with biliary or alcohol
involvement. When other etiologies simultaneously accompanied HTG-AP, the clinical outcomes were
significantly worse than those in HT'G-AP without other etiologies, particularly the biliary-HTG-alcoholic
type. The compound-etiology category was independently associated with POF [odds ratio (OR): 2.47, 95%
confidence interval (CI): 1.65-3.72, P<0.001].

Conclusions: These results highlight the importance of determining AP etiology and the prevalence of
the “compound-type” etiology. The compound-etiology category should be recognized as a separate concept

in AP etiology and deserve higher priority.
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Introduction

Acute pancreatitis (AP) is one of the most common reasons
for hospitalization for gastrointestinal diseases; it can
have myriad clinical manifestation and prognosis (1), with
morbidity that has increased by at least 20% (2). Although
most AP cases are mild and self-limiting, the severe AP
(SAP) mortality rate can reach 30%, which underlies the
urgent need to find proper treatment (3,4). One of the aims
of intensive AP treatment in the acute reaction stage is to
address the etiology.

A meta-analysis of the aetiology of AP has shown (5)
that biliary origin and alcohol are the two most frequent
etiologies of AP worldwide. Biliary origin accounts for 42%
of the etiology and occurs twice as frequently as the second
most common cause. Hypertriglyceridemia (HTG) is also
a common cause of AP, accounting for 2-5% of all cases of
AP (2). Because of a high-fat diet and unhealthy lifestyle,
the incidence of HT'G has increased in recent years. Data
have shown that the prevalence of HT'G acute pancreatitis
(HTG-AP) has increased in recent years and has even taken
the place of alcohol as the second most common cause (6-8).
Less frequent etiologies of AP include drugs, post-
endoscopic retrograde cholangiopancreatography (ERCP),
trauma, hypercalcemia, infections, HIV, neoplasms and
idiopathic (no cause diagnosed) etiologies. There is no clear
incidence of these miscellaneous causes (5).

Determining the exact etiology of AP may be challenging
in some cases (9). There is still room for discussion
regarding the diagnostic criteria and classification of the
etiology of AP. The diagnostic criteria for AP etiology
uniformity, which is not conducive to early treatment of the
cause of disease. More importantly, the concept of “a single
cause results in AP” has been deeply ingrained into clinical
practice and academic research. However, some cases of
AP in practice often simultaneously meet two or more
diagnostic criteria, which is ignored.

In the early phase of AP, it is important to recognize the
risk factors for a severe course and further identify potentially
critical patients to deliver targeted therapies, thereby
reducing the risk of disease aggravation. Studies (9-13)
have reported the effect of etiology on AP outcomes.
However, the description of the study subjects was single-
etiologic AP in the overwhelming majority of studies.
Few studies (10,13) have mentioned the situation in which
patients with AP have two or more causes simultaneously.
More importantly, the influence of complex types of
etiology on the disease course was not fully evaluated.
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In this regard, we conducted this study to explore the
impact of the category of etiology on the clinical outcomes
of AP. We present the following article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-1157/rc).

Methods
Patient selection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by Institutional Review Board of Chengdu Third
People’s Hospital (No. 2021S79) and individual consent
for this retrospective analysis was waived. Patients who
were admitted to the Chengdu Third People’s Hospital
and diagnosed with AP from January 2014 to October 2019
were included in this retrospective study. We identified
potential patients using discharge diagnoses with AP [ICD-
10 code for acute pancreatitis (K85)]. AP diagnosis was
based on the revised Atlanta classification (RAC) (4). The
inclusion criteria were as follows: (I) adult patients (age
greater than or equal to 18 years old); (I) first attack of
AP; (IT) admitted to the hospital within 72 h of the onset
of symptoms and without any medical treatment; and
(IV) underwent magnetic resonance (MR) imaging (MRI)
examination within 7-10 days after the onset. The exclusion
criteria were as follows: (I) AP caused by pancreatic tumors;
(IT) other diseases of retroperitoneal and peritoneal origin
and gastrointestinal diseases; (III) incomplete medical
charts; and (IV) transfer to other institutions. The flowchart
of patient selection was shown in Figure 1.

Data collection

Electronic medical records were reviewed for general
information, laboratory data, MRI and clinical outcomes.
All hematological and biochemical data were routinely
obtained within 1 h of initial presentation. MRI was
reviewed to identify local complications of AP.

Classification and diagnosis of AP etiology

The etiology of AP was analyzed by the criteria shown
in Table 1. The etiology of AP was accurately classified
into two main categories: single-etiology category and
compound-etiology category. The single-etiology category
refers to the onset of AP caused by only one cause. The
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Patients diagnosed with AP
(Jan 2014-Oct 2019)

1,106 patients enrolled based on inclusion criteria:
e Adult patients (=18 years old);

Exclusion criteria:
® AP caused by pancreatic tumor (n=78);
* Presence of retroperitoneal and peritoneal derived

e First attack of AP;
e Admitted to the hospital within 72 h of the onset;
e Underwent MRI examination within 7-10 days

Y
Y

diseases and gastrointestinal disorders (n=19);
* |ncomplete medical records and transfer to other
institutions (n=105)

Y

Patients included in the analyses

(n=904)

v

Y ¢

Single etiology Compound etiology Other etiology
(n=553) (n=268) (n=83)
v ~ v v v v

BAP HTG-AP AAP Biliary-HTG
(n=417) (n=74) (n=62) type (n=133)

HTG-alcoholic Biliary-HTG-alcoholic
type (n=91) type (n=44)

Figure 1 A flowchart of patient selection. AP, acute pancreatitis;

alcoholic pancreatitis; MRI, magnetic resonance imaging.

Table 1 Classification and diagnostic features of AP etiology

BAP, biliary acute pancreatitis; HT'G, hypertriglyceridemia; AAP, acute

Biliary origin confirmation

S-TG =1,000 mg/dL or =500 mg/dL Prolonged excessive alcohol

Category procedure shown in Figure 1 accompanied by lactescent serum consumption
Single etiology

Biliary J X X

HTG x J X

Alcoholic X X J
Compound etiology

Biliary-HTG J J X

HTG-alcoholic X N

Biliary-HTG-alcoholic J J

AP, acute pancreatitis; TG, triglyceride; S-TG, serum triglyceride; HTG, hypertriglyceridemia.

compound-etiology category refers to the type of AP with
two or more causes simultaneously, which mainly include
the dual-etiology category and triple-etiology category.
Dual-etiology categories include the biliary-HTG type and
HTG-alcoholic type. The triple-etiology category is mainly
biliary-HT'G-alcoholic type.

Based on current diagnostic criteria, we suggest that
timeliness should be used as one of the diagnostic markers
for AP. This means that some diagnostic indicators,

especially laboratory data, need to be acquired within 72 h
after onset. AP with biliary origin was confirmed by
the procedure shown in Figure 2, which includes the
confirmation of biliary sludge or gallstones using
radiological imaging or the presence of elevated serum
levels of alanine aminotransferase (>60 U/L) and a body
mass index (BMI) <30 kg/m’ (14). HTG-AP was confirmed
by serum triglyceride (S-T'G) >1,000 mg/dL or >500 mg/dL

accompanied by lactescent serum (15,16). The confirmation
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Absence of:

e Alcohol abuse;

e Alteration of medication;
* Hypertriglyceridemia or

Y

No EUS, AUS, CT or MRCP No
to detect gallstone or
biliary sludge

Biliary origin is unlikely

Y

hypercalcemia

¢ Yes

/

Yes Yes
Y

EUS, AUS, CT or MRCP to No ALT >60 U/L No EUS or MRCP to detect
detect gallstone or biliary > BMI <30 kg/m® > gallstone or biliary
sludge No alcohol abuses sludge
Yes
Yes 1 Yes

Biliary origin is likely

Figure 2 Biliary origin of acute pancreatitis diagnostic flow chart. AL'T, alanine aminotransferase; AUS, abdominal ultrasonography; EUS,

endoscopic ultrasonography; MRCP, magnetic resonance cholangiopancreatography; BMI, body mass index; CT, computer tomography.

of acute alcoholic pancreatitis (AAP) rests on a history
of prolonged excessive alcohol consumption (four to five
drinks daily for more than 5 years) (6).

Less-frequent etiologies and idiopathic pancreatitis
(unidentified etiology) fell into other etiology categories.

Clinical outcome measures

The clinical outcomes were measured by the differences
in any organ failure (OF), persistent organ failure (POF),
need for intensive care unit (ICU), length of hospital stay,
local complications including pancreatic necrosis (PN),
acute necrotic collection (ANC), infective necrosis (IN) and
AP-associated gastrointestinal abnormalities. The primary
outcome was POF.

According to the modified Marshall scoring system (4),
OF was defined as a score greater than or equal to two
for an organ system (cardiovascular, renal, and respiratory
system), and OF exceeding 48 h was labeled POF. The
predictive indicators were the MR severity index (MRSI)
based on the computed tomography (CT) severity index (17)
and C-reactive protein (CRP), which can indicate severity
in the early stage of AP.

MRI has the advantage of evaluating the local
complications of AP over CT (18-21). On MRI, PN
manifested as hypointense on T1-weighted imaging,
hyperintense on T2-weighted imaging and nonenhancing
areas of pancreatic parenchyma. According to Balthazar’s
criteria and grade points (22), the extent of PN could
be further quantified as less than 30% (mild), 30-50%
(moderate), and more than 50% (severe) of the pancreatic
gland. ANC refers to a heterogeneous and nonliquefied
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peripancreatic collection containing variable amounts of
both fluid and necrosis, manifesting as a heterogeneous
signal. IN was determined when gas bubbles appeared in
necrosis areas on MRI or a positive culture of necrosis areas
obtained by image-guided fine-needle aspiration, drainage
or necrosectomy (4,23). In this study, the gastrointestinal
tract that we observed ranged from the stomach to the
descending colon. It could manifest as edema of the
gastrointestinal wall, gastrointestinal wall thickening
and luminal dilatation. AP-associated gastrointestinal
abnormality was defined as a gastrointestinal tract within
the scope of observation that satisfied any of the above
conditions, regardless of the extension or location.

Statistical analysis

Continuous variables are expressed as medians or means
+ standard derivations. Categorical variables are expressed
as frequencies and percentages. Continuous variables were
analyzed by the Kruskal-Wallis H test and Nemenyi test (for
pairwise comparisons). Categorical variables were analyzed
by the chi-square test and partition of .

A multivariate logistic regression model was used to
determine whether the etiology category was independently
associated with POE, which was reported as the odds ratio
(OR) with 95% confidence interval (95% CI). The models
were adjusted for relevant risk factors for POF. Variables with
a P value <0.1 in the univariate analysis as the relevant risk
factors for POF were included in the multivariate model.

All statistical analyses were conducted using SPSS
statistical software (version 19.0, Chicago, IL, USA). A P
value <0.05 was considered statistically significant.

Quant Imaging Med Surg 2022;12(8):4109-4119 | https://dx.doi.org/10.21037/qims-21-1157



Quantitative Imaging in Medicine and Surgery, Vol 12, No 8 August 2022 4113

Table 2 Baseline characteristics of AP patients stratified by etiology category

“Single etiology” category

“Compound etiology” category

Variables Biliary HTG Alcohol

(n=417) (n=74) (n=62)

“Other”

Biliary-HTG HTG-alcohol Biliary-HTG-  category P value® P value® P value*
type (n=133) type (n=91)

alcohol type (n=83)
(n=44)

Age (years),
mean + SD

Sex (male), n (%) 174 (41.7)  45(60.8) 53 (85.5)

BMI =30 kg/m”?,
n (%)

103 (24.7) 29(39.2) 11(17.7)

Pre-existing
diabetic status,
n (%)

78(18.7)  15(20.3) 6(9.7)

54.36+13.03 42.35+11.07 39.87+11.32 51.47+11.98 41.95+10.91 48.84+10.82 52.47+9.47 <0.001

65 (48.9)
59 (44.4)

35 (26.3)

<0.001 <0.001

64 (70.3)  28(63.6) 39(47.0) <0.001 0.005  0.027
48 (52.7) 30(68.2) 10(121) 0.010 0.022 <0.001
21(23.1) 15@341) 6(72) 0190 0.396 <0.001

*, compared in single etiology category; & compared in compound etiology category; *, compared in the three etiology categories. AP,
acute pancreatitis; BMI, body mass index; HTG, hypertriglyceridemia; SD, standard deviation.

Results

A total of 904 patients meeting the conditions were included
in our study. The enrolled patients comprised 553 patients
in the single-etiology category [417 cases of biliary AP
(BAP), 74 HTG-AP and 62 AAP], 224 patients in the dual-
etiology category (133 cases of biliary-HTG type and 91
HTG-alcoholic type) and 44 of the biliary-HTG-alcoholic
type. There were 83 patients in the other etiology category.

Baseline characteristics of AP patients stratified by etiology
category

The patients’ baseline characteristics are shown in Table 2.
Compared with the single-etiology category and other
etiology category, the patients in the compound-etiology
category were younger (51.13+£13.82 vs. 52.47+9.47 vs.
47.80£12.18, P<0.001), more predominantly males (49.2%
vs. 47.0% wvs. 58.6%, P=0.027), were more likely to be obese
(BMI >30 kg/m’) (25.9% vs. 12.1% vs. 51.1%, P<0.001) and
more likely to have pre-existing diabetes (17.9% wvs. 7.2%
vs. 26.5%, P<0.001).

These indices were further compared in the single-
and compound-etiology categories. In the single-etiology
category, patients with HTG-AP and AAP were more likely
to be younger and male (P<0.001). Obesity (BMI >30 kg/m”)
was more common in HTG-AP than in BAP and AAP
(39.2% wvs. 24.7% vs. 17.7%, P=0.010). In the compound-
etiology category, the patients were younger and more often
males (41.95+£10.91 years, 70.3%, respectively, P<0.001)
with the HT'G-alcohol type and had a higher proportion

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

of obesity (68.2%, P=0.022) with the biliary-HTG-alcohol
type. There were no significant differences for pre-existing
diabetes in the three etiology subgroups of the single-
etiology and compound-etiology categories (P=0.190 and
0.396, respectively).

Clinical outcomes of AP patients stratified by etiology
category

The other etiology category was not included in the
comparison of outcomes due to the small sample size.

The evaluation of clinical outcomes is shown in Tubles
3,4. Compared with the single-etiology category, there was
an increased incidence of any OF, POF and AP-associated
gastrointestinal abnormalities (all P<0.001) and a higher
MRSI score and CRP (all P<0.05) in the dual-etiology and
triple-etiology categories. There was a significant increase
in ICU need, the median length of hospital stay, and the
prevalence of PN and ANC as the complexity of etiology
type increased (all P<0.01). For the extent of PN, the
proportion of PN >50% in the triple-etiology category was
considerably higher than that in the single-etiology category
(41.2% vs. 9.5%, P=0.019). Direct comparison of patients
with single etiology and compound etiology showed that
the latter resulted in an increased incidence of IN (5.6% uvs.
9.7%, P=0.030).

The comparison of these outcomes among patients
with a single etiology showed an increased incidence
of any OF, POF and ANC and a higher MRSI score in
HTG-AP (all P<0.05). In addition, the incidence of AP-
associated gastrointestinal abnormalities in HTG-AP and
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Table 3 Clinical outcomes of AP patients stratified by etiology category
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Variables “Single etiology” “Compound etiology” category b value
category Dual-etiology ~ Triple-etiology
Any organ failure, n (%) 152 (27.5) 102 (45.5)° 28 (63.6) <0.001
Persistent organ failure, n (%) 63 (11.4) 53 (23.7)° 18 (40.9)* <0.001
ICU admission, n (%) 51(9.2) 40 (17.9) 16 (36.4) <0.001°
Hospital days, median [range] 9 [4-62] 12.5 [6-58] 16 [10-74] <0.001% <0.001*; 0.005%
MRSI, median [range] 3[1-10] 4 [1-107 6.5 [2-10]° 0.024% <0.001*; 0.063%
Local complications
Pancreatic necrosis, n (%) 42 (7.6) 43 (19.2) 17 (38.6) <0.001°
<30% 26 (61.9) 23 (53.5) 6 (35.3) 0.019°
30-50% 12 (28.6) 9 (20.9) 4 (23.5)
>50% 4(9.5) 11 (25.6) 7 (41.2)°
Acute necrotic collection, n (%) 66 (11.9) 57 (25.4) 21 47.7) <0.001°
Infective necrosis, n (%) 31 (5.6) 21 (9.4) 5(11.4) 0.030¢
AP-associated gastrointestinal abnormalities, n (%) 206 (37.3) 144 (64.3)° 35 (79.5)° <0.001
CRP, 48 h (mg/L), median [range] 8 [3-41] 25 [6-207]* 33 [10-252]° <0.001% <0.001*; 0.139%

2 compared with single etiology category; °, all pairwise comparisons were significant; , pancreatic necrosis with <50% vs. with >50%; °,
compound-etiology vs. single-etiology; *, single etiology category vs. dual-etiology category; *, single etiology category vs. triple-etiology
category; &, dual-etiology category. vs. triple-etiology category. AP, acute pancreatitis; ICU, intensive care unit; MRSI, magnetic resonance

severity index; CRP, C-reactive protein.

AAP was higher than that in BAP (54.1%, 48.4% vs. 32.6%,
P<0.001). No significant differences were noted in ICU
need, median length of hospital stay, CRP or the incidence
of PN and IN among the three single-etiology subgroups.

Further comparison of these outcomes among patients
with compound etiology showed that biliary-H'T G-alcoholic
type had a significantly higher incidence of any OF, POEF,
PN, and ANC and a higher ICU need, median length of
hospital stay and MRSI score (all P<0.05). In terms of the
extent of PN, there was no significant difference among
the three compound-etiology subgroups. The incidence of
AP-associated gastrointestinal abnormalities in the HT G-
alcoholic and biliary-HT'G-alcoholic types was higher than
that in the biliary-HT'G type (73.6% and 79.5% vs. 57.9%,
P=0.007). No significant difference in IN was found among
the three groups.

Multivariate analysis showing the association of risk

factors with POF

A univariate analysis was performed to analyze the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

association of risk factors with POF. Multivariate analysis,
adjusting for risk factors such as advanced age (>60 years),
male sex, obesity (BMI >30 kg/m’) and pre-existing
diabetes, showed that advanced age (>60 years) (OR: 1.94,
95% CI: 1.25-3.02, P=0.003), obesity (BMI >30 kg/m’)
(OR: 2.49, 95% CI: 1.67-3.71, P<0.001) and compound
etiology (OR: 2.47, 95% CI: 1.65-3.72, P<0.001) were
independently associated with POF (Figure 3).

Discussion

The etiologies of AP are currently mainly cholelithiasis,
HTG and alcohol and relatively rare causes, such as
hypercalcemia, infections, drugs, post-ERCP and others.
The three main etiologies are related to metabolic
factors and are interrelated and influence each other. In
previous studies (11-13), the overwhelming majority of the
description of etiological characteristics of patients with AP
enrolled is single etiology and/or idiopathic cause. Enough
importance is not attached to the compound-etiology of
pancreatitis in clinical practices. In this study, we have
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Table 4 Clinical outcomes of AP patients in the single-etiology category and compound-etiology category

“Single etiology” category “Compound etiology” category
Variables iliary- - iliary- -
BAP HTG-AP AAP P value Biliary-HTG HTG-alcohol Biliary-HTG-alcohol P value
type type type
Any organ failure, n (%) 118 (28.3)" 28 (37.8)" 6 (9.7) 0.001 66 (49.6) 36 (39.6) 28 (63.6)° 0.030
Persistent organ failure, n (%) 48 (11.5) 13 (17.6)° 2(3.2) 0.032 36 (27.1) 17 (18.7) 18 (40.9)° 0.023
ICU admission, n (%) 39(9.4) 9(122) 3(4.8) 0.334 25 (18.8)° 15 (16.5)° 16 (36.4) 0.020
Hospital days, median [range] 9[5-62] 9.5[4-43] 7[5-29] 0.182 13 [6-58]° 11 [6-44]° 16 [10-74] 0.061%;
0.001%;
<0.001%
MRSI, median [range] 3[1-10]* 4[1-10" 2[1-8] 0.139% 5[1-10]° 4 [1-10]° 6.5 [2-10] <0.001%
0.008%; 0.019%
<0.001% <0.001%
Local complications
Pancreatic necrosis, n (%) 32(7.7) 8(10.8) 2(3.2 0.124 26 (19.5)° 17 (18.7)° 17 (38.6) 0.018
<30% 21(65.6) 5(62.5 0(0.0 NS 13 (50.0) 10 (58.8) 6 (35.3) 0.480
30-50% 8(25.00 2(25.00 2(100.0) 6 (23.1) 3(17.7) 4 (23.5)
>50% 3(9.4) 1(12.5) 0(0.0 7 (26.9) 4(23.5) 7 (41.2)
Acute necrotic collection, n (%) 46 (11.0)° 16 (21.6) 4 (6.5)> 0.013 37 (27.8)° 20 (22.0)° 21 (47.7) 0.008
Infective necrosis, n (%) 27 (6.5) 4(5.4) 0(0.0) NS 14 (10.5) 7(7.7) 5(11.4) 0.718
AP-associated gastrointestinal 136 (32.6) 40 (54.1)° 30 (48.4)° <0.001 77 (57.9) 67 (73.6) 35 (79.5)' 0.007
abnormalities, n (%)
CRP, 48 h (mg/L), median [range] 15 [7-37] 17 [3-41] 6[4-29] 0.271 30 [6-181] 19 [10-207] 33 [10-252] 0.098

2 compared with AAP; °, compared with HTG-AP; °, compared with ABP; ¢, compared with HTG-alcohol type; °, compared with biliary-
HTG-alcohol type; !, compared with biliary-HTG type; ¥, single etiology category vs. dual-etiology category; *, single etiology category
vs. triple-etiology category; é dual-etiology category. vs. triple-etiology category. AP, acute pancreatitis; ICU, intensive care unit; MRSI,
Magnetic resonance severity index; CRP, C-reactive protein; HTG, hypertriglyceridemia; BAP, biliary acute pancreatitis; AAP, acute
alcoholic pancreatitis.

OR (95% ClI) P value

Etiology category | 2.47 (1.65-3.72)  <0.001

(compound type)
Age (>60 years) i 1.94 (1.25-3.02)  0.003
Sex (male) L e 1.48 (0.99-2.20) 0.051
BMI (=30 kg/m?) 1 —_— 2.49 (1.67-3.71)  <0.001
Diabetes e 1.49 (0.96-2.34) 0.075

0 1 2 3 4 5
OR

Figure 3 Multivariate analysis showing association of proposed risk factors with persistent organ failure in AP. AP, acute pancreatitis; BMI,
body mass index; CI, confidence interval; OR, odds ratio.
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classified patients with AP into a single etiological category
and a compound etiological category and further evaluated
and compared the clinical features and outcomes of AP
patients with different categories, which has generated new
findings that improve our understanding of AP etiology.
We found that the clinical outcomes in AP patients with
compound etiology were significantly different from those
in patients with single etiology.

The clinical guidelines for the diagnosis criteria of AP
etiology still have certain limitations, which leaves room for
discussion. In this study, we add timeliness as an indicator
to the existing criteria for determining AP etiology. From
clinical experience, the laboratory indicators within 72 h
of onset reflect the actual condition of the body when
AP occurred; thus, they have the most diagnostic value.
Another reason is that during the acute response phase,
especially within 72 h of onset, if patients receive prompt and
appropriate treatment, then the incidence and complications
of late infections could be very low, thereby significantly
improving the survival rate (10). S-T'G >1,000 or >500 mg/dL
accompanied by lactescent serum indicates an episode of
AP with an HT'G origin, which is widely accepted and used
(16,24). However, there is a question of whether HTG is a
“cause” or “result” of AP. A mild-to-moderate increase in
S-TG levels can be present in up to one-third of all cases of
AP, regardless of etiology (25,26). S-T'G concentrations can
rapidly decrease during fasting after AP diagnosis. Thus, we
recommend that the key to this problem be to consider two
aspects. One is the timeliness, where the values measured
within 72 h of onset more likely reflect the actual condition.
The second is the S-T'G level, which if less than 500 mg/dL
within 72 h of onset is more likely to be a “result”. In
contrast, a value of more than 500 mg/dL is more likely to
be the “cause”. After more than 72 h, S-TG >500 mg/dL
is most likely due to lipid metabolism that is affected after
AP occurs; thus, it is more of a “result”. Clinical usefulness
and accuracy of “timeliness” in the future through big data.
In addition, the alcoholic origin is an etiology that can be
extremely confusing to clinicians. Its diagnostic criteria
only depend on the patient’s complaint, and the current so-
called daily alcohol consumption and duration standards
are wrought with errors and uncertainties, which require
further research.

Many studies have investigated the effect of etiology
on AP outcomes, although their conclusions are not
completely consistent. Kiss er 2/ (11) and Wang et al. (12)
compared HT'G-AP and non-HTG-AP patients’ clinical
characteristics and outcome and showed that HT'G-AP is
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positively related to the severity of AP. However, they did
not further classify the non-HTG-AP group according to
etiology. The classification can include all etiologies (such
as “other” and “idiopathic”) except HTG-AP, which is
rather heterogeneous. Bilint er 4/. (9) conducted a meta-
analysis to elucidate clinical data on how various etiologies
(biliary, HT'G, alcohol abuse, post-ERCP) affect the course
of AP. In contrast to the abovementioned two studies,
Bilint et al. analyzed well-defined and clear etiologies, but
the description of the study subjects was single-etiologic
AP. Few studies have mentioned the complex etiology type
of AP. Mao (10) proposed that a portion of APs belong to
complex AP in which the etiology meets the diagnostic
criteria for BAP and HTG-AP simultaneously. Wang
et al. (13) reported a new etiology type named biliary-
hyperlipidemic-AP, which includes AP patients with both
biliary and HT'G etiologies. However, there is not just
this type of complex etiology in clinical practice, and the
influence of complex etiologies on the disease course has not
been fully evaluated. In this study, we proposed the concept
of compound etiology and evaluated the clinical data in
detail, showing that patients with compound etiology have
some unique characteristics.

In this study, 29.65% of the patients with AP belonged
to the compound-etiology category. This high proportion
deserves higher priority. Compared to patients with a single
etiology, those with compound etiology were younger,
significantly more often male, and had a higher burden
of metabolic comorbidities, including obesity and pre-
existing diabetes. Given the difference in clinical outcomes
between patients with different etiological categories,
clinicians should be aware of this high-risk group. It should
be determined whether young patients with metabolic
problems presenting with AP have multiple causes.

We found that the clinical outcomes and disease
severity predictors at presentation were worse for patients
with increasing complexity of etiology type, as shown by
comparison of the incidences of any OF, POF, ICU need,
PN, ANC and AP-associated gastrointestinal abnormalities,
length of hospital stay, MRSI score and CRP value for those
with single etiology, dual etiology and triple etiology. There
was a trend towards increased AP severity in the dual-
etiology category, while the severity markedly increased in
the triple-etiology category. A meta-analysis showed that
IN, like OF, was an independent risk factor for mortality in
patients with AP (27). Of particular note, we found that the
risk of IN is significantly higher when compound etiology
is present. These features indicate that the compound-
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etiology category is different from AP belonging to the
single-etiology category, which supports our more precise
and rigorous classification of AP in clinical practice.

Here, we further studied the differences in clinical
outcomes among each subgroup in the single- and
compound-etiology categories. Similar to the results of
previous studies (9,12), we found that AP with HTG has
a higher rate of POF and local complications than AP
with other etiologies, such as cholelithiasis or alcohol.
More importantly, when other etiologies simultaneously
accompany HTG-AP, particularly the biliary-HTG-
alcoholic type, the clinical outcomes were significantly
worse than those in HT'G-AP without other etiologies. A
study (28) reported that the presence of cholelithiasis or
alcohol abuse increases the likelihood of developing AP
in patients with HTG compared to patients with HTG
alone, while our results provide new evidence for HT'G
and other etiologies together leading to the severity of AP.
Similar to our findings, Cheng ez a/. (29) reported that BAP
patients with TG elevation (576.99£134.51 mg/dL) had
an increased risk of SAP and OF. Another study by Zeng
et al. (30) also reported that BAP patients with S-TG levels
>500 mg/dL were more likely to develop SAP. While the
abovementioned studies agree with our results, the S-TG
level of some patients enrolled in these two studies did not
strictly meet the HT'G etiologic criteria. In addition, we
found that when alcoholic etiology is present, patients have
a higher risk of developing AP-associated gastrointestinal
abnormalities. Gastrointestinal dysfunction may be a
stimulus for the development of OF and correlate with poor
outcomes in AP patients; thus, it needs to be recognized
early and the patients then provided with appropriate
therapy (31).

In concordance with the RAC (4), POF is considered
the primary outcome and a determinant of severity. When
adjusting for baseline parameters of age, sex, BMI >30 kg/m’,
and pre-existing diabetes, the compound-etiology category
was independently associated with POF.

This study has several potential limitations. First, due to
the retrospective nature of this research, it may have data
bias. Second, the presence of pre-existing diabetes mellitus
is based on the main complaint of patients, which may
underestimate its incidence owing to an underdiagnosis or
missed diagnosis of DM before initial AP hospitalization.
In addition, because of a fasting state, none of the patients
in this study were prepared for the gastrointestinal tract
investigations, which may have affected the observations
of AP-associated gastrointestinal abnormalities. Last, due
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to small sample size, rare causes were not included in this
study. We will work on expanding the sample size and
conducting multicenter studies to refine the findings in the
future

Conclusions

Our study results highlight the importance of determining
AP etiology and the prevalence of the “compound-type”
etiology Given the finding that the clinical features in AP
patients with compound etiology were significantly different
from those in patients with single etiology, the compound-
etiology category should be recognized as a separate
concept in AP etiology and deserve higher priority. It has
worse clinical outcomes and is independently associated
with POF. Therefore, clinicians should be aware of this
high-risk group and more alert for the potentially higher
risk of developing SAP.
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