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Background Our primary objective was to explore the association between estimated glomerular filtration rate
(eGFR) and all-cause mortality in acute pancreatitis (AP) admission to intensive care units.

Methods This study is a retrospective cohort analysis based on the Medical Information Mart for Intensive Care Ill
database. The eGFR was calculated based on Chronic Kidney Disease Epidemiology Collaboration equation. Cox mod-
els with restricted cubic spline functions were used to evaluated the association of eGFR with all-cause mortality.

Results The mean eGFR was 65.93 +38.56 ml/min/1.73 m? in 493 eligible patients. 28-day mortality was 11.97%

(59/ 493), which decreased by 15% with every 10 ml/min/1.73 m? increase in eGFR. The adjusted hazard ratio (95%
confidence interval) was 0.85 (0.76-0.96). A non-linear association was proved between eGFR and all-cause mortality.
When eGFR < 57 ml/min/1.73 m?, there was a negative correlation between eGFR and 28-day mortality, hazard ratio
(95% Cl) was 0.97 (0.95, 0.99). The eGFR was also negatively correlated with in-hospital and in-ICU mortality. Subgroup
analysis confirmed that the association between eGFR and 28-day mortality in different characteristics was stable.

Conclusions The eGFR was negatively correlated with all-cause mortality in AP when eGFR is less than the threshold

Keywords Acute pancreatitis, All-cause mortality, Estimated glomerular filtration rate, MIMIC-IIl Database, Intensive

Introduction

Acute pancreatitis (AP) is a common gastrointesti-
nal inflammatory disorder, which is costly and diffi-
cult to manage, and there is no pathogenetic treatment
[1, 2]. Severe AP may develop in 20% of patients, with a
reported mortality rate of 30% due to pancreatic necrosis
and organ failure [3-5].
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The estimated glomerular filtration rate (eGFR) based
on patient demographics and serum creatinine are rec-
ommended as the best comprehensive index to estimate
renal function more accurately [6—8]. The Kidney Dis-
ease: Improving Global Outcomes (KDIGO) clinical
practice guidelines [9] recommend the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equa-
tion [10] to be used to calculate eGFR. This equation was
validated using participants with and without kidney dis-
ease and across a wide range of measurements with GFR
[10]. Previous studies have confirmed that patients with
lower eGFR (<30 ml/ min/ 1.73 m?) have 6 to 9 times
higher mortality than patients with normal eGFR in total
hip arthroplasy [11]. Among a large cohort of insulin-
treated type 2 diabetes patients, eGFR was associated
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with the greatest risk of death [12]. However, only few
studies have supported the effect of eGFR on mortality in
patients with AP.

In the present study, our main purpose was to explore
the relationship between eGFR and 28-day all-cause mor-
tality in AP patients in the intensive care units (ICUs),
and the secondary purpose was to study the relationship
between eGFR and in-hospital and ICU mortality.

Materials and methods

Data source

The data were extracted from the Medical Information
Mart for Intensive Care version III (MIMIC-III V1.4)
according to the ethical standards of the Institutional
Review Board of the Massachusetts Institute of Technol-
ogy. We applied the Protecting Human Research Partici-
pants test (No. 39742301). The databases cover 61,532
ICU admissions of 46,476 patients between 2001 and
2012 at the Beth Israel Deaconess Medical Center in Bos-
ton, MA [13]. MIMIC-III includes hourly physiological
readings from bedside monitors, records of demograph-
ics, and other clinical data.

Diagnostic criteria for acute pancreatitis (AP) are based
on the fulfilment of two of three criteria: (1) abdominal
pain consistent with acute pancreatitis (2) serum lipase
activity (or amylase activity) at least three times the upper
limit of normal; (3) characteristic findings of acute pan-
creatitis on contrast-enhanced computed tomography
(CECT) and less commonly magnetic resonance imag-
ing (MRI) or abdominal ultrasonography [14]. Diagnoses
of patients were recorded via the International Classifi-
cation of Diseases, Ninth Revision (ICD-9) codes. Data
were obtained through the Structured Query Language
(SQL) performed in the MIMIC-III database.

This study was approved by the Institutional Review
Boards of Beth Israel Deaconess Medical Center (Bos-
ton, MA) and the Massachusetts Institute of Technology
(Cambridge, MA). This study was reported according to
STROBE guidelines [15].

Study population
A total of 961 patients with AP were retrieved accord-
ing to the ICD-9 code for the diagnosis of AP (5770).
Only patients at the first admission to the ICU and those
aged > 18 years were included. ICU length of stay<24 h
or length of hospital stay>90 days; no ICU information;
incomplete (>10% of values missing), incorrect, or unin-
terpretable data; patients lacking serum creatinine; and
those with metastatic tumors, solid tumors, lymphoma,
or acquired immunodeficiency syndrome were excluded.
Baseline characteristics collected in the first 24 h of
admission into the ICU included sex, age, comorbidities,
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Sequential Organ Failure Assessment (SOFA) score, and
Systemic Inflammatory Response System (SIRS) score
for patients with AP. Laboratory results, including white
blood cell count (WBC), blood urea nitrogen (BUN), and
serum creatinine were all recorded within 24 h. When
the above indicators had multiple results within 24 h, we
considered only the worst value. The primary outcome
was 28-day mortality, and the secondary outcomes were
in-hospital and ICU mortality.

Measurement of eGFR

The independent variable in this study was eGFR, which
was calculated according to the CKD-EPI equation [10]
expressed as follows:

GFR =141 X min (Scr/x, 1)*

x max (Scr/k, 1)7+2%

x 0.99348¢ x 1.018][if female]
% 1.159[if of African descent],

where Scr is serum creatinine in mg/dL, x is 0.7 for
females and 0.9 for males, a is -0.329 for females and
-0.411 for males, min indicates the minimum of Scr/x or
1, and max indicates the maximum of Scr/k or 1.

Statistical analysis

First, baseline data of patients included in this study were
presented according to eGER levels. Continuous variables
were expressed as mean (standard deviation [SD]) when
normally distributed or median (range) when non-nor-
mally distributed. Categorical variables were expressed
as percentages. One-way analysis of variance (ANOVA)
(normal distribution) and the x> or Fisher’s exact test
(categorical variables) were used to calculate the differ-
ences among different eGFR groups, which were divided
according to the clinical cut-off point.

Second, Cox proportional hazards regression mod-
els were used to evaluate the association between eGFR
and 28-day all-cause mortality. In the crude model, no
covariates were adjusted, and in Model I, only age and
sex were adjusted. In model II, we adjusted for covariates
associated with eGFR and mortality. Confounders were
selected based on existing literature and clinical judg-
ment. But also, if the influence of a covariate changed
by>10%, it would be incorporated into the adjusted
model [16]. To verify the results, we conducted eGFR
groups as categorical variables and further explored the
possibility of non-linearity. The non-linearity between
eGFR and 28-day all-cause mortality was explored using
a Cox proportional hazard regression model with a
restricted cubic spline and smooth curve fitting.
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To test the robustness of our results, we performed
a sensitivity analysis. Interaction and stratified anal-
yses were conducted according to sex, age (<60
and > 60 years), alcohol consumption (non-drinkers and
drinkers), hypertension, diabetes, congestive heart fail-
ure, chronic pulmonary disease, alcohol consumption,
and cardiac arrhythmia. All analyses were performed
using R 3.3.2 (http://www.R-project.org, The R Founda-
tion) and Empower Stats (http://www.empowerstats.
com, X&Y Solutions, Inc, Boston, MA, USA). Statistical
significance was set at p <0.05.

Results

Participants and baseline characteristics

A total of 961 patients with AP were reviewed accord-
ing to the ICD-9 code.We excluded 468 participants
who did not meet the inclusion criteria. A total of 493
participants of AP were included in the study. Figure 1
describes the inclusion and exclusion processes of the
study population. The demographic and clinical charac-
teristics of participants by levels of eGFR are summarized
in Table 1. Of the 493 included participants, 231 were
female (46.86%) and 262 (53.14%) were male. The mean
age of participants was 60.154+17.49 years. Age, BUN,
creatinine, SOFA score, in-hospital mortality, in-ICU
mortality, and ICU 28-day mortality were significantly

AP patients from MIMIC-III base on ICD-9-code (n=961)
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higher in patients with eGFR <30 ml/min/1.73 m? than in
those with eGFR > 90 ml/min/1.73 m?.

Association between eGFR and all-cause mortality

Table 2 shows that 28-day mortality was negatively cor-
related with eGFR in the crude model (non-adjusted
model) and full adjusted models. The hazard ratio (HR)
and 95% confidence interval (CI) was 0.80 (0.73, 0.86)
in the crude model when eGFR increased by 10 ml/
min/1.73 m? In model I, which was adjusted for age
and sex, the HR (95% CI) was 0.82 (0.75, 0.90). In model
II, after adjusting for age, sex, hypertension, diabetes
mellitus, congestive heart failure, chronic pulmonary
disease, alcohol consumption, cardiac arrhythmias,
BUN, WBC, and the SIRS score, the HR (95% CI) was
0.85 (0.76, 0.96).

For the purpose of sensitivity analysis, we converted
eGFR into a categorical variable using clinical cut-off
points using multivariate proportional hazards regres-
sion models and calculated P for trend. The higher
eGFR (>90 ml/min/1.73 m?) group was used as the ref-
erence group, and the risk of 28-day all-cause mortal-
ity significantly increased in the lower eGFR (<30 ml/
min/1.73 m?) group after adjusting for potential covari-
ates. The adjusted HR (95% CI) was 4.96 (1.41, 17.36)
(P=0.012). The P value for the trend was 0.010.

Patient diagnosed with acute pancreatitis out of the third
diagnosis were excluded (n=304);

\ 4

Patients with the top three diagnoses included acute
pancreatitis in the ICU and admitted to the ICU for the first
time (n=613)

Patients admitted to the ICU repeatedly only retain
information about the first time (n=44);

NO ICU admission information(n=10);
Age <18 years old (n=1);

A 4

\ 4

Patients with AP (n=533)

Patients who have been hospitalized for more
than 90 days(n=1) or less than 24 hours (n=68)

Patients with no serum creatinine (n=3);
Patients with metastatic tumors (n=12),

Patients with AP(n=493)

A 4

solid tumors (n=15), limphoma (n=3),
AIDS (n=7)

Fig. 1 Flowchart of subject screening. Abbreviation: AP, acute pancreatitis; MIMIC-1ll, Medical Information Mart for Intensive Care version ll; ICU,

intensive care unit
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Table 1 Baseline characteristics of participants by levels of estimated glomerular filtration rate (eGFR)

Characteristics Levels of eGFR (ml/min/1.73 m?)
Overall <30 30-60 60-90 >90 P-value
N=493 N=118 N=111 N=106 N=158

Demographics

Age 60.15 (17.49) 67.80£1831 68.10£13.58 62.06£15.71 475841285 <0.001
Sex 0.112
Female 231 (46.86%) 64 (54.24%) 45 (40.54%) 54 (50.94%) 68 (43.04%)
Male 262 (53.14%) 54 (45.76%) 66 (59.46%) 52 (49.06%) 90 (56.96%)
Clinical features, N (%)
Congestive heart failure <0.001
No 391 (79.31%) 86 (72.88%) 79 (71.17%) 85 (80.19%) 141 (89.24%)
Yes 102 (20.69%) 32(27.12%) 32 (28.83%) 21 (19.81%) 17 (10.76%)
Cardiac arrhythmias <0.001
No 342 (69.37%) 72 (61.02%) 69 (62.16%) 70 (66.04%) 131 (82.91%)
Yes 151 (30.63%) 46 (38.98%) 42 (37.84%) 36 (33.96%) 27 (17.09%)
Hypertension <0.001
No 218 (44.22%) 37(31.36%) 45 (40.54%) 44 (41.51%) 92 (58.23%)
Yes 275 (55.78%) 81 (68.64%) 66 (59.46%) 62 (58.49%) 66 (41.77%)
Chronic pulmonary disease 0.26
No 420 (85.19%) 102 (86.44%) 88 (79.28%) 92 (86.79%) 138 (87.34%)
Yes 73 (14.81%) 16 (13.56%) 23 (20.72%) 14 (13.21%) 20 (12.66%)
Diabetes 0.051
No 352 (71.40%) 76 (64.41%) 78 (70.27%) 73 (68.87%) 125 (79.11%)
Yes 141 (28.60%) 42 (35.59%) 33 (29.73%) 33(31.13%) 33 (20.89%)
Alcohol consumption 0.739
No 361 (73.23%) 90 (76.27%) 83 (74.77%) 75 (70.75%) 113 (71.52%)
Yes 132 (26.77%) 28 (23.73%) 28 (25.23%) 31 (29.25%) 45 (28.48%)
Blood biochemistry, mean (SD)
eGFR ml/min/1.73 m? 65.93 (38.56) 16.07£7.17 4648 +8.64 73.97£9.50 11144 +£15.68 <0.001
Creatinine, mg/dl 1.10 (0.20-16.20) 3424212 1454033 0.98+0.20 068+0.17 <0.001
BUN, mmol /L 2837 (22.21) 53.19£27.56 31.54+14.12 20.19£8.25 13.09+6.66 <0.001
WBC, 1019/L 15.67 (7.72) 1583+8.14 16.584+845 16.04+7.05 14.66+7.24 0211
SOFA score, mean (SD) 4.83 (3.56) 7.86+£3.99 4924278 4.0042.81 3.05+£259 <0.001
SIRS score, mean (SD) 3.09 (0.86) 3.04(0.97) 3.10(0.86) 3.16 (0.81) 3.08(0.82) 0.783
RRT, N (%) <0.001
No 474 (96.15%) 103 (87.29%) 110 (99.10%) 103 (97.17%) 158 (100.00%)
Yes 19 (3.85%) 15 (12.71%) 1 (0.90%) 3(2.83%) 0 (0.00%)
ICU 28-day mortality, N (%) <0.001
No 434 (88.03%) 87 (73.73%) 98 (88.29%) 98 (92.45%) 151 (95.57%)
Yes 59 (11.97%) 31 (26.27%) 13 (11.71%) 8 (7.55%) 7 (4.43%)
In-hospital mortality, N (%) <0.001
No 428 (86.82%) 83 (70.34%) 98 (88.29%) 97 (91.51%) 150 (94.94%)
Yes 65 (13.18%) 35 (29.66%) 13(11.71%) 9 (8.49%) 8 (5.06%)
In-ICU mortality, N (%) <0.001
No 445 (90.26%) 90 (76.27%) 103 (92.79%) 100 (94.34%) 152 (96.20%)
Yes 48 (9.74%) 28 (23.73%) 8(7.21%) 6 (5.66%) 6 (3.80%)

eGFR Estimated glomerular filtration rate, SD Standard deviation, RRT Renal replacement therapy, BUN Blood urea nitrogen, WBC White blood cell, SOFA score
Sequential Organ Failure Assessment score, SIRS, score Systemic inflammatory response syndrome, ICU Intensive care unit
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Table 2 Relationship between eGFR and 28-day mortality in different Cox proportional hazards regression models

Exposure Crude Model Model | Model Il
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
eGFR perincrease 10 ml/  0.80 (0.73, 0.86) <0.0001 0.82 (0.75,0.90) <0.0001 0.85 (0.76,0.96) 0.008
min/1.73m?
eGFR groups
>90 Ref Ref Ref
60-90 2.58(0.79,8.37) 0.115 1.78 (0.54,5.87) 0.345 2.16 (0.64,7.23) 0214
30-60 4.70(1.60,13.81) 0.005 266 (0.86,8.21) 0.088 2.60(0.82,8.21) 0.104
<30 9.13(3.19,26.10) <0.0001 5.82(1.96,17.26) 0.002 4.96 (1.41,17.36) 0.012
P for trend <0.0001 <0.0001 0.010

Crude Model: Adjusted none
Model I: Adjusted for gender; age

Model II: Adjusted for age, gender, hypertension, diabetes mellitus, congestive heart failure, chronic pulmonary disease, alcohol consumption, cardiac arrhythmias,

BUN, WBC, and the SIRS score

eGFR Estimated glomerular filtration rate, HR Hazard ratio, Ref Reference, C/ Confidence interval, BUN Blood urea nitrogen, WBC White blood cell, SIRS score Systemic

inflammatory response syndrome
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Fig. 2 The nonlinear relationship between eGFR and all-cause mortality, including 28-day mortality (A), in-hospital mortality (B) and in-ICU

mortality (C)

Non-linear association between eGFR and all-cause
mortality

Figure 2 shows the non-linear association between eGFR
and 28-day mortality (A), eGFR and in-hospital mortal-
ity (B), and eGFR and in-ICU mortality (C) by a Cox
proportional hazard regression model with restricted
cubic spline and smooth curve fitting. We adjusted
for age, sex, hypertension, diabetes mellitus, conges-
tive heart failure, chronic pulmonary disease, alcohol
consumption, cardiac arrhythmias, BUN, WBC, and
SIRS score. We further calculated the threshold inflec-
tion point as 57 ml/min/1.73 m? using a two-piecewise
regression model in Table 3. There was a negative corre-
lation between eGFR and 28-day all-cause mortality on

Table 3 Threshold effect analysis of the relationship between
eGFR and 28-day mortality using a two-piecewise regression
model

eGFR inflection point OR (95% Cls) p-value
<57 ml/min/1.73m? 0.97 (0.95,0.99) 0.0034
> 57 ml/min/1.73m? 1.00(0.98, 1.02) 0.8003
P for log likelihood ratio test 0.049

Adjusted for age, gender, hypertension, diabetes mellitus, congestive heart
failure, chronic pulmonary disease, alcohol consumption, cardiac arrhythmias,
BUN, WBC, and the SIRS score

eGFR Estimated glomerular filtration rate, OR Odds ratio, Ref Reference, C/
Confidence interval, BUN Blood urea nitrogen, WBC White blood cell, SIRS score
Systemic inflammatory response syndrome
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the left of the threshold inflection point, the HR (95%
CI) was 0.97 (0.95, 0.99), p <0.0034. However, there was
no significant association on the right of the inflection
point (HR 1.00; 95% CI 0.98-1.02; p =0.8003).

eGFR and 28-day all cause mortality

Figure 3 shows the Kaplan—Meier survival curve for 28-day
all-cause mortality stratified by the clinical cut-off point of
eGFR levels (A) and by the inflection point of eGFR (B).
The curves of lower eGFR groups (<30 ml/min/1.73 m?
and <57 ml/min/1.73 m?) separated early and continued
to diverge throughout the 28-day follow-up. The risk of
28-day mortality in the groups with eGFR <30 ml/min/1.73
m? and <57 ml/min/1.73 m? was significantly higher than
in the other groups (log-rank test P value <0.0001).

We further determined that in-hospital and in-ICU
mortality were both negatively correlated with eGFR
using Logistic regression models (Table 4). When eGFR
decrease by 10 ml/min/1.73 m? the OR (95% CI) of in-
hospital mortality was 1.19 (1.05, 1.36) (P=0.0076) and
the OR (95% CI) of in-ICU mortality was 1.25 (1.06, 1.47)
(P=0.0066) after adjusting for age, sex, hypertension,
diabetes mellitus, congestive heart failure, chronic pul-
monary disease, alcohol consumption, cardiac arrhyth-
mias, BUN, WBC, and SIRS scores.

The subgroup analysis (Fig. 4) further verified the
robustness of the results. As shown in Fig. 4, the 28-day

—@GFR < 30 ~ eGFR 30-60 — €GFR 60-90 — eGFR 290
100 —
_‘——

s 759
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S 501
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a 254

04 p<0.0001
0 10 20 28
Time since admission (days)
Number at risk

eGFR<30 118 102 90 87
eGFR 30-60 111 104 101 98
eGFR 60-90 106 102 99 98
eGFR290 158 157 153 151

A. Kaplan—-Meier survival curve for 28-day all-cause
mortality stratified by clinical cut-off point of eGFR levels.
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Table 4 Logistic regression models according to eGFR (per
decrease 10 ml/min/1.73m?)

Variable Crude Model Adjusted Model

OR (95% Cl) p-value OR (95% Cl) p-value
In-ICU mortality ~ 1.29(1.17,143) <0.0001 1.25(1.06,1.47) 0.0066
In-hospital mor- ~ 1.27(1.17,1.39) <0.0001 1.19(1.05,1.36) 0.0076

tality

Crude Model: Adjusted none

Adjusted model: Adjusted for age, gender, hypertension, diabetes mellitus,
congestive heart failure, chronic pulmonary disease, alcohol consumption,
cardiac arrhythmias, BUN, WBC, and the SIRS score

eGFR Estimated glomerular filtration rate, HR Hazard ratio; Confidence interval;
BUN Blood urea nitrogen, WBC White blood cell

all cause mortality was negatively correlated with eGFR in
different characteristics.The change in the population with
hypertension was more obvious (P for interaction=0.001,
HR: 0.7 with hypertension vs. 0.89 with no-hypertension).

Discussion

In this study, we found a non-linear association between
eGER and all-cause mortality. The 28-day mortality, ICU
mortality, and in-hospital mortality were all negatively
correlated with eGFR. Participants with lower eGFR
(<30 ml/min/1.73 m2) were more likely to have higher
mortality from all causes over time. In addition, subgroup

= eGFR < 57 - eGFR >= 57
75
=
3
3
°© 50
Q.
©
=
£
a 25
01 p<0.0001
0 10 20 28
Time since admission (days)
Number at risk
eGFR <57 217 194 179 173
eGFR >=57 276 271 264 261

B. Kaplan—Meier survival curve for 28-day all-cause
mortality stratified by the inflection point of eGFR levels.

Fig. 3 Kaplan—-Meier survival curve for 28-day all-cause mortality. Kaplan—-Meier survival curve for 28-day all-cause mortality stratified by clinical

cut-off point of eGFR levels (A) and by inflection point (B) respectively
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Subgroup Total Death (n%) HR (95%CI) P for interaction
Sex 0.669
Female 231 25(10.8) 0.8 (0.69,0.93) —B—
Male 262 34(13)  0.79(0.7,0.89) ——
Age 0.077
<60 242 15(6.2) 0.86 (0.75,0.99) —B—
>60 251 44 (17.5) 0.74 (0.64,0.85) — B
Congestive heart failure 0.194
No 391 39(10)  0.79(0.71,0.89) ——
Yes 102 20 (19.6) 0.84(0.7,1) —B
Cardiac arrhythmias 0.489
No 342 36(10.5) 0.8(0.72,0.89) ——
Yes 151 23(15.2) 0.8(0.68,0.95) —B—
Hypertension 0.001
No 218 23(10.6) 0.89(0.79,1) — B
Yes 275 36(13.1) 0.7 (0.59,0.81) —B—
Chronic pulmonary disease 0.986
No 420 46(11)  0.81(0.73,0.9) ——
Yes 73 13(17.8) 0.77 (0.61,0.96) —B
Diabetes 0.541
No 352 40 (11.4) 0.82(0.74,0.92) ——
Yes 141 19 (13.5) 0.75(0.62,0.9) —B—
Alcohol abuse 0.401
No 361 44 (122) 0.79(0.71,0.88) ——
Yes 132 15(11.4) 0.84(0.71,0.98) —B—
| | |
0.5 1 1.1
HR (95%CI)

Fig. 4 The subgroup analysis between eGFR and 28-day all-cause mortality

analysis showed a stable association between eGFR and
28-day all-cause mortality in patient with AP in different
characteristics.

The data is consistent with previous studies. Pal Tod
and their research team report that the average eGFR
was significantly lower in died patients, compared to
survived patients [17]. Michal Lipinski et al. [18] found
that the first-day serum creatinine and eGFR were good
predictors of death in acute pancreatitis—the area under
receiver operating characteristic (ROC) curve (AUC)
respectively 0.879 and 0.787. They further confirmed

that mortality and the presence of pancreatic necro-
sis were significantly higher (p<0.001) in patients with
lower eGFR. In a prospective, multi-national, observa-
tional cohort study [19], which included 6983 emergency
departments patients, it was proved that a decrease in
eGEFR was significantly associated with 30-day mortality
and in-hospital mortality, for 10 ml/min/ 1.73m? decrease
in eGFR the OR for the 30-day mortality was 1.15(95% CI
1.09 to 1.22, p<0.001). However, these studies are only
limited to comparison between groups, lacking regres-
sion analysis and adjusting for confounding factors.Our
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survey not only carried out regression analysis by adjust-
ing confounding factors, but also further explored the
linear and nonlinear relationship between eGFR and
mortality. Our data demonstrated a higher mortality risk
for the group with eGFR <30 ml/min/1.73 m? compared
to the group with eGFR>90 ml/min/1.73 m?% There
is a non-linear relationship between eGFR and 28-day
all-cause mortality. This is consistent with the findings
of Takashi Ui [20] et al. They showed that there was a
U-shaped relationship between eGFR and 30-day mortal-
ity in 136,896 patients undergoing surgery for gastroin-
testinal malignancy. We further calculated the threshold
inflection point using a two-piecewise regression model.
There was a negative correlation between eGFR and
28-day all-cause mortality on the left of the thresh-
old inflection point. It will illustrates risk of poor out-
comes according clinically cut-off value of eGFR (57 ml/
min/1.73 m?) which is very important for making of clini-
cal decision.

It is not clear whether poor renal function is just a
marker for severe AP or whether there is a causal associ-
ated with the increased mortality. To investigate whether
eGFR is a real risk factor for all-cause mortality in AP, a
thorough understanding of how the pathogenic factors
affect mortality may help reduce mortality treatment
targets. Several factors may be associated with high mor-
tality in patients with lower eGFR, such as volume over-
load, electrolyte disturbances, metabolic acidosis, and the
negative impact of uremic compounds. Haas et al. [19]
suggested that patients with mildly reduced eGFR might
reflect a sicker patient population, whereas in cases of
severely reduced eGFR, the complexity of the treatment
strategies will increase significantly. A recent study [18]
proved that mortality and pancreatic necrosis were sig-
nificantly higher in patients with increased serum creati-
nine levels and low eGFR in the first 24 h.

This study had several strengths. First, we used both
Cox proportional hazard regression and restricted cubic
spline curves to explore the nonlinear relationship
between eGFR and 28-day all-cause mortality in patients
with AP. Second, we combined existing literature, clini-
cal judgment, and statistical adjustments to minimize the
effect of confounders. Third, to verify the robustness of
the results, we performed a subgroup analysis.

There are some limitations to our study. First, this is a
retrospective and observational cohort study. Although
we adjusted for confounding factors, residual unknown
factors may bias the estimated association. In particular,
the information on the etiology of acute pancreatitis was
not supplemented, because there were many missing val-
ues about the etiology of acute pancreatitis in the data-
base. Second, we are limited to the parameters collected
in the database. The cause of death and the causative role
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of renal impairment could not be identified. It is diffi-
cult to identify a preexisting renal disease or acute renal
function impairment due to AP. Third, only adults were
included in our study, and the relationship in children
with AP could not be determined.

Conclusions

There was a non-linear association between all cause
mortality and eGEFR in patients with AP. The eGFR was
negatively correlated with 28-day all cause mortality in
AP when eGFR is less than the threshold inflection point.
Participants with lower eGFR (<30 ml/min/1.73 m?)
were more likely to have higher all-cause mortality, and
we hope that our study will encourage more research into
this with larger sample sizes.
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