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Abstract

Background: Acute respiratory distress syndrome (ARDS) is a severe complication among
patients with severe acute pancreatitis (SAP), which may be associated with increased
mortality in hospitalized patients. Thus, an effective model to predict ARDS in patients with

SAP is urgently required.

Methods: We retrospectively analyzed the data from the patients with SAP who recruited in
Xiangya Hospital between April 2017 and May 2021. Patients meeting the Berlin definition of
ARDS were categorized into the ARDS group. Logistic regression models and a nomogram
were utilized in the study. Descriptive statistics, logistic regression models, and a nomogram

were used in the current study.

Results: Comorbidity of ARDS occurred in 109 (46.58%) of 234 patients with SAP. The

SAP patients with ARDS group had a higher 60-day mortality rate, an increased demand

for invasive mechanical ventilation, and a longer intensive care unit (ICU) stay than those
without ARDS (p <.001 for all). Partial pressure of oxygen (Pa02): fraction of inspired oxygen
(Fi02) < 200, platelets <125 x 109/L, lactate dehydrogenase >250U/L, creatinine >111mg/
dL, and procalcitonin >0.5ng/mL were independent risk variables for development of ARDS
in SAP patients. The area under the curve for the model was 0.814, and the model fit was
acceptable [p=.355 (Hosmer-Lemeshow]]. Incorporating these 5 factors, a nomogram was
established with sufficient discriminatory power (C-index 0.814). Calibration curve indicated
the proper discrimination and good calibration in the predicting nomogram model.
Conclusion: The prediction nomogram for ARDS in patients with SAP can be applied using
clinical common variables after the diagnosis of SAP. Future studies would be warranted to
verify the potential clinical benefits of this model.
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Introduction

Acute pancreatitis (AP) is an inflammatory dis-
ease of pancreas with varying severity and pro-
gression.! The global incidence rate of AP is
33.74 per 100,000 person-years, and morbidity is
rising gradually.? Around 10-20% of patients
with AP have a complicated systemic inflamma-
tory response syndrome (SIRS), and multiple
organ dysfunction syndrome that can lead to the

development of severe AP (SAP) with a 10-15%
mortality rate.?

Acute respiratory distress syndrome (ARDS) is the
most prevalent form of organ failure in patients
with SAP and remains a major cause of high in-
hospital mortality.* Moreover, patients with SAP-
associated ARDS are typically admitted to the
intensive care unit (ICU) for an extended period,
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thereby increasing healthcare costs. Although an
increasing number of studies have identified multi-
ple possible causes of SAP-associated ARDS,
including pancreatic necrosis, bacteremia, intesti-
nal barrier failure, activation of inflammatory cas-
cades, and diffuse alveolar damage, the pathological
mechanisms are largely unknown.> Undoubtedly,
the treatment of SAP-associated ARDS is extremely
challenging.b It is a certainty, however, that appro-
priate intervention(s) in the early phase of ARDS
could help improve clinical prognosis. A prediction
model for SAP-associated ARDS using baseline
clinical characteristics would aid in the early identi-
fication and classification of patients at high risk for
SAP-associated ARDS and may provide an oppor-
tunity for early therapeutic intervention(s) prior to
deteriorating development.

However, several scoring systems, such as the
Systemic Inflammatory Response Syndrome
(SIRS) score, Bedside Index of Severity in Acute
Pancreatitis (BISAP), Modified Marshall (MMF)
scoring system, and Sequential Organ Failure
Assessment (SOFA) score, have good predictive
capabilities for disease severity (mild, moderately
severe, and severe according to the revised Atlanta
classification) and mortality; however, few, if any,
tools work well in predicting ARDS in SAP
patients using the available data. As such, through
multivariable logistic regression analysis and the
development of a nomogram model, we aimed to
construct an efficient ARDS prediction model
using baseline clinical characteristics that could
help to screen for patients who are likely to
develop ARDS among those with SAP.

Methods

Study design and participants

We retrospectively collected and analyzed the
data from doctor-diagnosed SAP admitted to
Department of Biliary-Pancreatic Surgery and
Department of Gastroenterology and ICU in
Xiangya Hospital of Central South University
(Changsha, China) between April 2017 and May
2021. Information of the patients and clinical
data were obtained from the institutional elec-
tronic medical records by three independent
investigators using a spreadsheet (Excel,
Microsoft Corporation, Redmond, WA, USA),
followed by data anonymization. The study pro-
tocol was approved by the Ethics Commission of
Xiangya Hospital of Central South University

(No. 201912477), and requirements for written
informed consent were waived because patient
data and analysis were anonymized.

Inclusion criteria were as follows: at least 18 years
of age and diagnosed with SAP within 48h of
admission according to the Revised Atlanta clas-
sification; any organ dysfunction with =grade 2
severity persisting for >48h according to the
modified Marshall grading in AP was considered
SAP.7 Individuals with a history of previous AP or
chronic pancreatitis, unavailability of key data,
hospital stay <48 h, malignant tumors, active
tuberculosis, malignancy, and chronic obstructive
pulmonary disease were excluded. Finally, 234
patients with SAP were included for analysis in
the current study. In addition, if the included
SAP patients met the Berlin definition for ARDS
within 14 days after admission, they would be cat-
egorized into the ARDS group.8

Measurements

Clinical information for each patient, including
demographic data, preexisting condition(s), etiol-
ogy, clinical signs, arterial blood gas analysis
results, laboratory findings, scores (SIRS, BISAP,
MMF, and SOFA), and outcome, were collected.
The etiology of SAP was classified as ‘hypertri-
glyceridemia’, ‘biliary’, ‘alcohol’, or ‘mixed type’.
The SIRS, BISAP, MMF, and SOFA scores were
extracted from the admissions database. Clinical
variables and outcomes including the incidence of
ARDS, 14-day mortality, 30-day mortality,
60-day mortality, use of invasive mechanical ven-
tilation, and ICU length of stay were evaluated
among patients with SAP.

Statistical analysis

Data normality of the continuous variables was
tested using the Shapiro—Wilk test. Normally dis-
tributed data are expressed as mean * standard
deviation, variables with non-normal distribution
are reported as median [interquartile range
(IQR)], and categorical variables are summarized
as frequencies and percentages. Continuous data
with normal distribution were compared using the
Student’s 7 test, non-normally distributed varia-
bles were tested using the Mann—Whitney U test,
and categorical variable rates were assessed using
the chi-square test or Fisher’s exact test. Kaplan—
Meier curves were created for each group and
compared using the log-rank test. Candidate
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acute pancreatitis (n=1608)

Patient admissions between April 2017 and May 2021 with

criteria

249 patients included in the analysis who were diagnosed
with severe acute pancreatitis according to the revised Atlanta

Excluded Patients
-Patients with hospital stay shorter

than 48 hours (n=2)

v

-Patients with advanced malignant

[ 234 patients were included in the final analysis

tumors or malignant tumors (n=2)
J -Patients with active tuberculosis (n=1)

-Patients with malignancy (n=>5)
-Patients with COPD (n=5)

| With ARDS group (1=109) || Without ARDS group (n=125)|

Figure 1. Flow diagram of the study population.

predictor variables were selected based on a priori
clinical knowledge and previous literature for use
in the ARDS prediction models. Factors from
bivariate associations (p<.05) were included in
the binary logistic regression. For calculation of
odds ratio for ARDS in the logistical regression
analysis, each variable was dichotomized accord-
ing to cutoff values. Each cutoff values were set as
the upper or lower limit of normal value or clinical
cutoff based on clinical significance or previous
studies.®"18 Univariate analysis was performed to
assess differences in the characteristics of patients
with and without ARDS. Finally, variables with
an overall p<<.1 in the univariate analysis were
included in a multivariate stepwise logistic regres-
sion model to assess the early predictive models of
ARDS in patients with SAP. A nomogram was
constructed based on logistic regression and the
individualized incidence of ARDS was determined
by calculating the total number of points. The
performance of the prediction model was meas-
ured according to a calibration curve of the nomo-
gram and calculating the Harrell C-index. The
area under the receiver operating characteristic
(AUROC) curves was calculated to evaluate the
discriminatory ability of the early predictive mod-
els. An AUROC > 0.7 indicates good model dis-
crimination. The DelLong method was used to
evaluate the difference in AUROC between the
nomogram and the scores. All statistical analyses
and graphs were generated using SPSS version
26.0 (IBM Corporation, Armonk, NY, USA),
GraphPad Prism version 9.0 software (GraphPad
Software Inc., San Diego, CA, USA), or R-4.1.2
software (R Foundation for Statistical Computing,
Vienna, Austria), using the ‘survminer’, ‘survival’,
‘PROC’, ‘ggplot2’, ‘Hmisc’, ‘lattice’, ‘Formula’,
‘SparseM’, and ‘rms’ packages. Differences with

p<.05 were considered to be statistically

significant.

Results

Clinical characteristics

In total, 234 patients with SAP were included in
the analysis: 109 (46.58%) with ARDS and 125
(53.42%) without (Figure 1). Demographic data,
preexisting condition(s), clinical signs, arterial
blood gas analysis results, laboratory findings,
and scores on admission were compared between
SAP patients with and without ARDS.

SAP patients with ARDS group had a higher
heart rate and respiration rate, lower pH value,
and lower PaO2:FiO2 ratio than those patients
without ARDS (p<<.05 for all) (Table 1).
Laboratory variables including the potassium,
sodium, lactate dehydrogenase (LDH), blood
urea nitrogen, creatinine, blood glucose, lactic
acid, and procalcitonin levels were significantly
elevated in SAP patients with ARDS than those
without ARDS (p < .05 for all), whereas the plate-
let counts were lower in the SAP patients with
ARDS (Table 1). There were considerably higher
SIRS, MMF, and SOFA scores in the ARDS
group than that in the non-ARDS group (p<.05
for all) (Table 1).

Clinical outcomes

In patients with SAP, the 60-day mortality was
commonly used to assess the clinical outcome, and
they were 37.62% and 6.40% among SAP patients
with or without ARDS, respectively (p<<.001)
(Table 1). Similarly, the Logistic Regression and
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Table 1. Baseline characteristics of SAP patients with or without ARDS.
Characteristics Patients without ARDS Patients with ARDS Total (n=234) p value
(n=125) (n=109)
Demographic data
Age, year 47.00 (40.00, 55.00) 49.00 (40.00, 56.00) 48.00 (40.00,56.00) 456
Male 89 (71.20) 74 (67.89) 163 (69.66) .583
Smoking 49 (39.20) 34(31.19) 83 (35.47) .202
Drinking 47 (37.60) 28 (25.69] 75 (32.05) .051
Preexisting condition
Chronic cardiac disease 7 (5.60) 4 (3.67) 11 (4.70) 486
Hypertension 34 (27.20) 31 (28.44) 65 (27.78) .833
Diabetes mellitus 31 (24.80) 27 (24.77) 58 (24.79) .996
Etiology
Hypertriglyceridemia 64 (51.20) 51 (46.79) 115 (49.15) .783
Biliary 39 (31.20) 36 (33.03) 75 (32.05)
Alcohol 5 (4.00) 3(2.75) 8(3.42)
Mixed type 17 (13.60) 19 (17.43) 36 (15.39)
Clinical signs
Heart rate, beats/min 107.08 = 1.83 114.81=2.04 110.68+1.38 005
>110, beats/min 56 (44.80) 65 (59.63) 121 (51.71) .024
Temperature, Celsius 37.00 (36.80, 37.80) 37.30 (36.90, 38.10) 37.00 (36.80, 38.00) 169
Respiration rate, breaths/min 22.00 (19.00, 26.00) 25.00 (20.00, 31.00) 23.50 (20.00, 29.00) <.001
>30, breaths/min 10 (8.00) 29 (26.61) 39 (16.67) <.001
MAP, mmHg 99.67 (90.00, 110.00) 94.00 (84.67, 108.00) 96.67 (88.00, 109.00) 133
Arterial blood gases
PH 7.45 (7.40, 7.50) 7.42 (7.35, 7.49) 7.44(7.37, 7.50) .030
<7.350 13 (10.40) 28 (25.69) 41(17.52) .002
Pa02:Fi02 209.09 (177.50, 251.35) 172.50(132.00, 233.75)  193.31 (155.00, 243.90) <001
<200 54 (43.20) 72 (66.06) 126 (53.85) <.001
PC02, mmHg 34.00 (30.00, 38.00) 35.00(30.50, 38.50) 35.00 (30.00, 38.00) 267
Oxygen saturation, % 96.00 (94.00, 97.00) 96.00 (93.00, 98.00) 96.00 (93.00, 97.00) .983
Laboratory findings
Leucocytes counts, 107/L 12.40 (9.55, 17.75) 12.30 (9.20, 16.30) 12.40 (9.20, 17.20) 566
[Continued]
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Table 1. (Continued)

Characteristics Patients without ARDS Patients with ARDS Total (n=234) p value
(n=125) (n=109)
Erythrocyte counts, 10'%/L 3.63+0.08 3.54+0.10 3.58+0.06 048
Hemoglobin level, g/L 109.49 +2.37 107.59 +3.10 108.60 = 1.92 935
Platelet, 107/L 206.00 (149.00, 266.00) 155.00 (119.00, 215.00) 179.50 (124.00, 253.00) <.001
<125, 10%/L 18 (14.40) 44 (40.37) 62 (26.50) <.001
Neutrophil counts,10%/L 10.20 (7.60, 15.95) 10.80 (7.65, 13.85) 10.50 (7.60, 15.60) 91
Lymphocyte counts, 10%/L 0.80 (0.60, 1.20) 0.80 (0.50, 1.050 0.80 (0.50, 1.10) .269
Potassium, mmol/L 3.73 (3.34, 4.20) 3.86 (3.52, 4.31) 3.78 (3.43, 4.23) .019
>5, mmol/L 4(3.2) 6(5.51) 10 (4.27) .585
Sodium, mmol/L 140.00 (136.20, 143.40) 141.80 (139.20, 144.65) 140.60 (137.60, 144.20) .003
>147, mmol/L 12 (9.60) 17 (15.60) 29 (12.39) 165
Calcium, mmol/L 1.98 (1.84, 2.07) 1.93(1.73, 2.10) 1.97 (1.80, 2.080 346
Albumin, g/dL 29.25 (27.30, 33.70) 30.20 (27.10, 33.30) 29.70 (27.20, 33.60) 213
Total bilirubin, pmol/L 20.15(12.30, 36,90) 21.1(17.25, 41.20) 20.90 (14.50, 38.00) .250
Aspartate aminotransferase, U/L 25.50 (16.60, 51.10) 23.60(13.30, 58.70) 24.50 (15.10, 51.90) .382
Alanine aminotransferase, U/L 35.25 (25.30, 61.80) 47.10 (29.35, 66.95) 40.10 (26.80, 66.40) 068
Lactate dehydrogenase, U/L 379.00 (249.00, 576.00) 590.00 (412.00, 835.00)  462.50 (296.00, 764.00) < .001
>250, U/L 91 (72.80) 105 (96.33) 196 (83.76) <.001
Blood urea nitrogen, mmol/L 6.90 (4.29, 11.42) 10.17 (6.05, 19.73) 8.39 (4.91, 15.44) <.001
~9.5. mmol/L 34 (27.20) 60 (55.05) 94 (40.7) <001
Creatinine, mg/dL 74.20(61.70, 102.10) 119.80 (76.10, 336.20) 90.25 (64.50, 213.10) <.001
>111, mg/dL 28 (22.40) 64 (58.72) 92 (39.32) <.001
Blood glucose, mmol/L 8.30 (6.67, 10.60) 9.60 (7.90, 13.22) 8.81(6.80, 11.80) .033
>6.1, mmol/L 97 (77.60) 78 (71.56) 175 (74.79) .288
Lactic acid, mmol/L 1.30(0.90, 1.90) 1.50 (1.20, 2.00) 1.40(1.10, 1.95) .009
>1.6, mmol/L 37 (29.60) 45 (41.28) 82 (35.04) .062
Triglyceride, mmol/L 2.73 (1.69, 4.60) 2.98(1.80, 5.58) 2.79 (1.72, 4.96) 169
Total serum cholesterol, mmol/L 3.39(2.31, 4.99) 3.58(2.31, 4.81) 3.40(2.31, 4.93) .954
High-density lipoprotein, mmol/L 0.55 (0.39, 0.82) 0.53(0.37, 0.76) 0.55(0.38, 0.79) .359
Low-density lipoprotein, mmol/L 2.23(1.56, 3.34) 2.21(1.46, 3.15) 2.23(1.48,3.19) 719
(Continued)]
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Table 1. (Continued)
Characteristics Patients without ARDS  Patients with ARDS Total (n=234) p value
(n=125) (n=109)

C-reactive protein, mg/dL 165.00 (128.00, 288.50) 236.00 (152.00, 363.00)  205.00 (134.00, 318.00) A1

Plasma fibrinogen, g/L 4.99 (3.76, 6.91) 5.21(3.90, 6.91) 5.16 (3.85, 6.91) .770
D-dimer, mg/L 2.90 (1.58, 6.48) 3.85(1.85, 9.10) 2.99 (1.63, 6.85) 226
Procalcitonin, ng/mL 1.17(0.38, 3.84]) 5.48 (1.67, 15.46) 2.32(0.68, 8.98) <.001
>0.5, ng/mL 85 (65.60) 101 (92.66) 186 (79.49) <.001
Scores
SIRS 6.00 (3.00, 8.00) 7.00 (5.00, 9.000) 6.00 (4.00, 9.000) .001
BISAP 2.00 (2.00, 2.00) 2.00 (2.00, 2.50) 2.00 (2.00, 2.00) .084
MMF 3.00 (2.00, 3.00) 3.00(3.00, 5.00) 3.00 (2.00, 4.00) <.001
SOFA 4.00 (2.00, 5.00) 4.00(6.00, 9.00) 4.00 (3.00, 7.00) <.001
Outcome
14-day mortality 5 (4.00) 19 (17.43) 24(10.26) .001
30-day mortality 7 (5.60) 32 (29.36) 39 (16.67) <.001
60-day mortality 8 (6.40) 41 (37.62) 49 (20.94) <.001
Invasive mechanical ventilation 12 (9.60) 65 (59.63) 77 (32.91) <.001
ICU length of stay, days 2.00 (0.00, 6.00) 10.00 (4.00, 16.00) 5.00 (1.00, 11.00) <.001

ARDS, acute respiratory distress syndrome; BISAP, bedside index of severity in acute pancreatitis; FiO2, fraction of inspired oxygen; MAP, mean
artery pressure; MMF, modified Marshall scoring system; Pa02, partial pressure of oxygen; PCO2, partial pressure of carbon dioxide; PH, hydrogen
ion concentration; SAP, severe acute pancreatitis; SIRS, systemic inflammatory response syndrome score; SOFA, Sequential Organ Failure

Assessment score.

Data are presented as mean * standard deviation, medians (interquartile range) and n (%).Values of p were calculated by Student’s ¢ test, Mann-
Whitney U test, chi-square test, or Fisher’s exact test, as appropriate. Values of p indicate differences between Patients with ARDS group and
Patients without ARDS group.

A p value <.05 was considered statistically significant.

Kaplan—Meier survival curve demonstrated a sig-
nificant survival benefit among SAP patients with-
out ARDS compared with those with ARDS
(p<.001) (Table 1 and Figure 2). In addition, the
SAP patients with ARDS had greater likelihood of
receiving invasive mechanical ventilation and longer
ICU length of stay (’<<.001 for both) (Table 1).

Model development

In the preliminary analysis, we revealed that higher
heart rate, higher respiration rate, lower pH value,
lower PaO,:FiO, ratio, lower platelet count, and
elevated LLDH, elevated blood wurea nitrogen,

elevated creatinine, and elevated procalcitonin levels
were potential predictors of ARDS development
among patients with SAP using univariate analyses
(p<.05 for all) (Table 2). Multiple logistic regres-
sion analysis was further performed and showed that
lower PaO,:FiO, ratio (PaO,:FiO, < 200; odds
ratio 2.045; p=.024), lower platelet count (platelet
count < 125X 10%L; odds ratio, 2.228; p=.034),
elevated LDH (LDH > 250U/L, odds ratio, 7.334;
p=.001), elevated creatinine (creatinine > 111mg/
dL; odds ratio, 2.878; p=.002), and elevated procal-
citonin (procalcitonin > 0.5ng/ml; odds ratio,
3.907; p=.002) were independent risk factors for
ARDS comorbidity in patients with SAP (Table 2).
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Table 2. Logistic Regression Model for predicting ARDS in SAP patients.

Variable Univariate Multivariate
Odds ratio 95% CI p value Odds ratio 95% CI p value

Heart rate > 110, beats/min 1.820 1.082-3.062 .024

Respiratory rate > 30, breaths/min 4.169 1.924-9.034 <.001

PH < 7.350 2.952 1.440-6.048 .003

Pa02:Fi02 < 200 2.559 1.504-4.353 .001 2.045 1.099-3.806 .024
Platelet < 125, 109/L 4.024 2.145-7.548 <.001 2.228 1.062-4.671 .034
Potassium > 5, mmol/L 1.762 0.484-6.415 .390

Sodium > 147, mmol/L 1.740 0.791-3.829 169

Lactate dehydrogenase > 250, U/L 9.808 3.353-28.690 <.001 7.334 2.373-22.671 .001
Blood urea nitrogen > 9.5, mmol/L 3.277 1.899-5.655 <.001

Creatinine > 111, mg/dL 4.927 2.793-8.691 <.001 2.878 1.494-5.542 .002
Blood glucose > 6.1, mmol/L 1.206 0.599-2.427 599

Lactic acid > 1.6, mmol/L 1.672 0.973-2.873 .063

Procalcitonin > 0.5, ng/mL 5.941 2.638-13.383 <.001 3.907 1.633-9.347 .002

ARDS, acute respiratory distress syndrome; FiO2, fraction of inspired oxygen; PH, hydrogen ion concentration; Pa02, Partial pressure of oxygen;

SAP, severe acute pancreatitis.
A p value <.05 was considered statistically significant.

To further confirm the role of the aforementioned
covariates in the predictive ability of ARDS
among patients with SAP, receiver operating
characteristic (ROC) curve analysis was per-
formed (Table 3, Figure 3(a)). The area under
the ROC curve (AUROC) for model combina-
tion (Pa0,:FiO, < 200; platelets < 125 X 10%/L;
lactate dehydrogenase > 250U/L; creatinine >
111 mg/dL; and procalcitonin > 0.5ng/mL) was
0.814, respectively.

Model visualization and performance

A nomogram incorporating the ARDS prediction
model incorporating the above independent pre-
dictors was constructed (Figure 4(a)), yielding a
value of 0.355, indicating that the model fit was
acceptable. The median C-index for the predic-
tion nomogram was 0.814 (0.758-0.861) for the
clinical data set. The calibration curve demon-
strated good agreement between the estimations
with the nomogram for predicting the risk for

developing ARDS in patients with SAP and actual
observations (Figure 4(b)). Area under the curve
(AUC) comparison was based on the Del.ong
method to compare the AUC of the prediction
model with the AUC of other clinical scoring sys-
tems. As shown in Figure 3(b) and Table 4, the
AUC of the prediction model was greater than
those using variables including SIRS (Z statistic,
4.521; p<<.0001), BISAP (Z statistic, 6.249;
$»<.0001), MMF (Z statistic, 4.240; p<<.0001),
and SOFA (Z statistic, 3.153; p=.0016).
Collectively, these results clearly indicated good
prediction capability for the ARDS risk nomo-
gram model among patients with SAP.

Discussion

In the current study, we observed a significantly
higher mortality in SAP patients with ARDS. In
addition, lower PaO2:FiO2 ratio, platelet counts,
higher lactate dehydrogenase, creatinine, and proc-
alcitonin on admission had been found to be
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Table 3. Receiver operating characteristic curves for predicting ARDS in SAP patients.
Variable AUC (95% CI) pvalue  Sensitivity Specificity
Pa02:Fi02 < 200 0.614 (0.549-0.677) .0003  0.661 0.568
Platelet < 125, 109/L 0.630 (0.564-0.692) <.0001 0.404 0.856
Lactate dehydrogenase > 250, U/L 0.618 (0.552-0.680) <.0001 0.963 0.272
Creatinine > 111, mg/dL 0.682 (0.618-0.741) <.0001 0.587 0.776
Procalcitonin > 0.5, ng/mL 0.630 (0.564-0.692) <.0001 0.404 0.856
Combination 0.814 (0.758-0.861) <.0001 0.817 0.688

Survival probability

Non-ARDSH 125
ARDSH 109

1.00 1

0.75 1

0.50 -

0.25 1

0.00 1

ARDS, acute respiratory distress syndrome; AUC, area under the curve; Cl, confidence interval; FiO2, fraction of inspired
oxygen; Pa02, partial pressure of oxygen; SAP, severe acute pancreatitis.

A p value <.05 was considered statistically significant.

p < 0.0001 = Non-ARDS
=k ARDS
10 20 30 40 50 60

Days since enrollment(d)

Number at risk

121 118 118 118 118 117
97 82 78 73 72 68
10 20 30 40 50 60

Days since enrollment(d)

Figure 2. Kaplan-Meier curves of mortality for SAP patients with or without
ARDS. Patients discharged home considered alive at 60days. A log-rank
test was used to evaluate differences between groups.

ARDS, acute respiratory distress syndrome; SAP, severe acute pancreatitis.

correlated with higher risk of developing ARDS in
patients with SAP. Finally, the predictive model
based on above crucial variables had high sensitivity
and specificity to identify high-risk population for

developing ARDS in patients with SAP, which
would help take early interventions to prevent ARDS
progression in SAP and improve clinical outcomes.

In our study, the occurrence of ARDS in SAP was
46.58%, which was between the 15% and 60%
reported in prior studies.!®?? In pneumonia-
caused ARDS, increasing age and comorbidities
were associated with high risk of developing
ARDS. Surprisingly, there were no statistically
significant differences in age and comorbidities
among SAP patients with or without ARDS in the
present study, which was consistent with previous
studies among patients with SAP?23:24 and AP,16:25
indicating that age and comorbidities is not as
much of a risk factor in SAP-related ARDS as in
pneumonia-initiated ARDS. Although hypertri-
glyceridemia-induced AP has been reported to be
associated with risk of lung failure compared with
other etiologies,!%:26 the etiologies of SAP have no
significant differences between the groups with or
without ARDS. Further studies on underlying
mechanism would be warranted to investigate the
associations between SAP etiologies and ARDS.

In addition, our findings demonstrated the 60-day
mortality rate of 37.62% and 6.40% among SAP
patients with or without ARDS, respectively, con-
firming the critical role of ARDS in SAP prognosis.
In prior studies with ARDS, the mortality rate of
ARDS commonly ranged from 36% to 50%,27-2°
and the mortality rate of SAP-initiated ARDS in
the study fell within this range. Although ARDS
has been well known as a leading cause of mortal-
ity in SAP, identifying early risk factors of ARDS
in SAP is challenging. Previous studies proposed
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(a) ROC analysis
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Figure 3. The ROC curves in prediction of ARDS in patients with SAP. (a] ROC curves of present prediction
model. (b) ROC curves of SIRS, BISAP, MMF, SOFA, and nomogram.
ARDS, acute respiratory distress syndrome; BISAP, bedside index of severity in acute pancreatitis; FiO,, fraction of inspired
oxygen; MMF, modified Marshall scoring system; Pa0,, partial pressure of oxygen; SAP, severe acute pancreatitis; SIRS,

systemic inflammatory response syndrome score; SOFA, Sequential Organ Failure Assessment score.
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Figure 4. (a) Developed ARDS prediction nomogram in patients with SAP. (b) Calibration curves of the ARDS nomogram prediction

in the SAP trial.

ARDS, acute respiratory distress syndrome; FiO,, fraction of inspired oxygen; Pa0,, partial pressure of oxygen; SAP, severe acute pancreatitis.

Table 4. Predictive performance of different models.

Variable AUC (95% Cl) p value Sensitivity Specificity
SIRS 0.623(0.552-0.694) .0012 0.807 0.360
BISAP 0.556 (0.483-0.630) 1371 0.248 0.840
MMF 0.699 (0.632-0.767) <.0001 0.817 0.742
SOFA 0.702 (0.639-0.760) <.0001 0.642 0.680
Nomogram 0.814 (0.758-0.861) <.0001 0.817 0.688

AUC, area under the curve; BISAP, bedside index of severity in acute pancreatitis; MMF, modified Marshall scoring system;

SIRS, systemic inflammatory response syndrome score; SOFA, Sequential Organ Failure Assessment score.
A p value <.05 was considered statistically significant.
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the utility of lung ultrasonography and cytokines in
predicting ARDS among patients with SAP; how-
ever, individual indicator had difficulty in reflect-
ing whole situation of the body. Besides, lung
ultrasonography has not been widely used in most
hospitals, particularly in primary healthcare cent-
ers. To the best of our knowledge, very few studies
focused on multiple indicators using prediction
score and/or a nomogram model to predict ARDS
development among patients with SAP.

Herein, we developed an effective nomogram
model based on several clinical indicators to pre-
dict the development of ARDS in SAP patients at
the early stage of the disease. These five indicators
included in our model, respiratory indexes
(PaO2:FiO2), blood routine (platelet counts),
blood biochemical (creatinine and LDH), and
inflammatory markers (procalcitonin), were clini-
cally meaningful and could reflect pathophysiology
of SAP-initiated ARDS from several aspects. The
lower PaO2:FiO2 is an indicator for hypoxemic
situation, the decrease of PaO2:FiO2 may indicate
a forewarning stage of ARDS development initi-
ated by SAP.830 In our study, the decreased plate-
lets were found to be an independent risk of
SAP-related ARDS, suggesting that platelet activa-
tion and consumption may be involved in patho-
genesis of this process.31:32 Consistently, previous
studies have found lower count of platelets was not
only associated with increased risk for ARDS but
also with poor prognosis and hemorrhage in AP
patients with ARDS.13:33-35 Increased LDH and
serum creatinine levels are common indicators of
multiple organ injury,!416:36 and increased procal-
citonin is a marker of systematic bacterial infec-
tion, which suggest the development of multiple
organ dysfunction including ARDS in SAP.?”
Combination of procalcitonin and LDH was
applied in a diagnostic model for the disease sever-
ity of AP as well.?® Furthermore, LDH, creatinine,
and procalcitonin were reported to be independent
factors associated with the severity of SAP, which
had more likelihood of inducing the comorbidity
OfARDS.14’16’39

Collectively, our findings demonstrate that
combining above clinical variables including
Pa02:FiO2, platelet count, LDH, creatinine, and
procalcitonin levels have a better predictive effect
in predict ARDS among SAP patients than
BISAP, MMF, SIRS, and SOFA scores, which
have been widely used to predict mortality and
organ failure in patients with SAP,*-42 thus

providing a more simple, quantitative and practi-
cal predicting tool for ARDS development in SAP
patients. Furthermore, a visualized nomogram
would help clinician had more ability to early
identify subpopulation with high ARDS risk
among individual patients with SAP.

Strengths and limitations

Given the strength that we develop a model of
SAP-initiated ARDS prediction that can help to
take early interventions to prevent ARDS pro-
gression in SAP and improve clinical outcomes,
some limitations should not be ignored. First, it
was a retrospective, single-center study; as such,
it may have been susceptible to the inherent limi-
tations of retrospective analyses. Second, even
though our model was proved useful for decision-
making to early predict ARDS in patients with
SAP, scoring tools should not replace clinical
judgment. Third, the sample size of the study was
relatively small, thus a larger population-based
cohort study would be warranted to verify our
findings in the future.

Conclusion

Lower PaO2:FiO2 ratio and platelet counts,
higher LDH, creatinine, and procalcitonin levels
were identified as independent risk factors for the
development of ARDS in patients with SAP, and
an easy-to-use nomogram was developed to pre-
dict SAP-induced ARDS. If validated, our find-
ings could aid in establishing the appropriate level
of care and guiding anticipatory management
based on the prediction of ARDS.
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