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Purpose: The thrombo-inflammatory prognostic score (TIPS) and the bedside index for severity in acute pancreatitis (BISAP) are
both scoring systems that enable the rapid prognostic assessment of early-stage acute pancreatitis (AP) patients, but the overall
prognostic utility of these individual systems is limited. This study was thus developed to explore whether a combination of TIPS and
BISAP scores would offer better insight to facilitate the risk stratification of AP patients.

Methods: This single-center retrospective cohort research evaluated AP cases referred to the emergency department from January 1,
2017 to September 30, 2017. The ability of TIPS scores to improve BISAP-based AP patient risk stratification was appraised
employing the curves of receiver-operating characteristic (ROC) and decision curve analysis (DCA) approaches. The initial endpoint
for this research was 28-day mortality, while secondary endpoints comprised intensive care unit admission (AICU) and mechanical
ventilation (MV) over a 28-day follow-up period.

Results: Totally, 440 cases enrolled in the current study were divided at a ratio of 1:1 to derivation and validation cohorts. When
estimating 28-day mortality, the combination of TIPS and BISAP (T-BISAP) improved the area under the curve (AUC) value in the
derivation group from 0.809 to 0.903 (P <0.05), in addition to similarly improving this AUC value from 0.709 to 0.853 (P <0.05) in
the validation cohort. Moreover, T-BISAP significantly improved the AUC values for 28-day AICU from 0.751 to 0.824 (P <0.05) and
the AUC values for 28-day MV from 0.755 to 0.808 (P <0.05). A DCA approach revealed T-BISAP to exhibit higher net benefit when
used for patient risk stratification as compared to BISAP alone.

Conclusion: The addition of TIPS scores to BISAP scores can enable prediction of 28-day adverse clinical outcomes with AP
patients in the ED.

Keywords: acute pancreatitis, prognosis, thrombo-inflammatory prognostic score, TIPS, bedside index for severity in acute
pancreatitis, BISAP, risk stratification

Introduction

Acute pancreatitis (AP) is a serious inflammatory circumstance of the pancreas that is able to develop and progress
rapidly.'” While current understanding of the etiological basis for this condition is increasingly robust, it remains a major
threat to global public health.® The revised Atlanta classification stratifies AP patients into three groups based on overall
disease severity: severe AP (SAP), moderately severe AP (MSAP), and mild acute AP (MAP).* A majority of patients
present with MAP or MSAP, with just 15-20% presenting with SAP.> However, the rapid and accurate risk stratification
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of AP patients based upon apparent severity at presentation is critical to guiding patient management and has the
potential to ensure that appropriate treatments or intensive care be administered so as to maximize the odds of positive
outcomes.®” Predictive tools that can rapidly and accurately gauge the severity and prognosis of individuals with AP are
thus essential to guide patient management efforts.’

Various scoring systems have been developed and leveraged for the prediction of health outcomes in patients with AP,
including the Acute Physiology and Chronic Health Evaluation I (APACHE-II), Bedside Index of Severity in Acute
Pancreatitis (BISAP), and Ranson’s scoring systems. While the APACHE-II and Ranson’s scores provide a good degree
of both specificity and sensitivity, they are time-consuming and difficult to implement, making their use unrealistic for
AP patient evaluation in most contexts given the need for rapid clinical decision-making. The BISAP score has been
extensively studied as a tool capable of accurate early-stage PA patient risk stratification,® but it often exhibits suboptimal
predictive specificity and sensitivity when utilized at an individual level.

Aberrant inflammatory and coagulatory activities are related to the pathogenesis of several diseases.” ' Our team has
found that thrombo-inflammatory prognostic score (TIPS), values, which are established based on the levels of the most
abundant inflammatory cytokine of prognostic relevance, interleukin-6 (IL-6), and the thrombotic biomarker prothrombin
time (PT) can be applied for the prediction of adverse information in AP cases.'> The BISAP scoring system does not
evaluate inflammatory or coagulation-related parameters in AP patients at present, thus potentially leading to the loss of
valuable prognostic information.

In light of the above factors, we developed this study to test whether the addition of the TIPS score to the BISAP
score would be advantageous in facilitating the more accurate risk stratification of early-stage AP cases.

Materials and Methods
Study Design
The present single-center retrospective cohort research was developed to examine whether TIPS scores would improve
BISAP-based AP patient risk stratification during the initial stages of disease for individuals admitted to the emergency
department (ED). Included cases were categorized into validation and derivation cohorts at a ratio of 1:1 in order to
improve the reliability and accuracy of the resultant analyses. Patients in the derivation cohort were utilized to construct
a stratification model based upon a combination of the TIPS and BISAP scoring systems (T-BISAP), while the validation
cohort was used to explore the validity of the developed T-BISAP model. This study was confirmed through the Human
Ethical Committee of West China Hospital of Sichuan University (No.2019-334) and was consistent with the Declaration
of Helsinki. Because of its retrospective nature, the requirement for informed consent to review medical records was
waived by the ethical committee. All the clinical information of the patients was confidential, and the data were analyzed
anonymously.

The contributors presented the letter of informed satisfaction to take part in.

Study Population

This research retrospectively enrolled AP cases admitted to the West China Hospital of Sichuan University ED between
January 1, 2017 and September 30, 2017. The eligible cases for contribution were those fulfilling the following criteria:
(1) age >18 years, (2) patients met the revised Atlanta Classification (2012) guidelines for AP diagnosis,* and (3) patients
had not been previously diagnosed with AP. Patients were excluded if they had: (1) chronic pancreatitis, (2) AP due to
surgery, trauma, or poisoning, (3) a history of malignancies, (4) postoperative pancreatic lesions; (5) AP complicated by
chronic hepatic diseases or renal insufficiency, (6) systemic hematological diseases, (7) were pregnant or in the perinatal
period, (8) had been treated with anticoagulant drugs prior to admission, (9) exhibited venous thrombosis events upon
admission, (10) had incomplete clinical trial indicators, or (11) were missing follow-up data.

Data Collection and Quality Control
To ensure quality control, all individuals responsible for data collection were trained in appropriate data collection
protocols at the start of the study so that accurate data would be entered into the study database. Collected data included
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demographic information, vitals, and laboratory findings, all of which were obtained from patient medical records.
Demographics including patient age, sex, etiology, and body mass index (BMI). Vitals at admission included respiratory
rate (RR), temperature (T), mean arterial pressure (MBP), and heart rate (HR). Laboratory results included potential of
hydrogen (PH), white blood cell (WBC) count, platelet (PLT), interleukin-6 (IL-6), hematocrit (HCT), hemoglobin (HB),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), albumin, creatinine (Cr), blood
urea nitrogen (BUN), amylase (AMY), cholesterol (CHOL), triglyceride (TG), low-density lipoprotein cholesterol (LDL-
C), high-density lipoprotein cholesterol (HDL-C), activated partial thromboplastin time (APTT), lipase (LIP), calcium
(Ca), prothrombin time (PT), procalcitonin (PCT), C-reactive protein (CRP), and lactate (LAC) measurements. Baseline
patient results after admission were used to compute APACHE-II, TIPS, and BISAP scores for these patients.

Endpoints and Follow-Up

Following ED admission, AP patients were administered conventional treatments. The 28-day outcomes for these
patients were determined through medical record review and telephone calls as appropriate. The initial study information
was all-cause mortality within 28 days of ED admission. Secondary outcomes included ICU admission (AICU) and
mechanical ventilation (MV) within the 28-day follow-up period. AICU was defined based upon patients being admitted
to the ICU because of severe dystrophy, unstable vitals, acute hydroelectrolyte imbalance, as well as a need for organ
supports. MV was defined by the need for non-invasive or invasive ventilation owing to respiratory failure."?

TIPS and BISAP Score Calculations

TIPS values were calculated based upon IL-6 and PT levels, with patients exhibiting IL-6 levels >78 pg/mL and PT > 13.65
s being considered a score of 2, while cases with only 1 or 0 of these values above the indicated thresholds were, respectively,
assigned a score of 1 and 0.'> BISAP scores (0—5) were based upon the following variables, each of which was assigned 1
point: elevated BUN (>25 mg/dl), age >60 years, development of systemic inflammatory response syndrome (SIRS), impaired
mental status (Glasgow coma scale score <15), and the existence of pleural effusion.'

Statistical Analysis

Initially, data were subjected to filtering and quality control analyses. To determine whether continuous variables were
normally distributed, the Kolmogorov—Smirnov test was utilized, with data that did conform to the normal distribution
being given as means tstandard deviations and compared with Student’s t-tests, while all other continuous variables were
given as medians (interquartile range) and compared using Mann—Whitney U-tests. Categorical variables were given as
frequencies (proportions) and compared with x* or Fisher’s exact test as appropriate.

We began by comparing TIPS and BISAP scores among patient groups with different adverse clinical outcomes. To
determine whether combining TIPS and BISAP scores was associated with more reliable AP patient risk stratification, the
T-BISAP model was constructed through correlation analyses conducted through Pearson correlation and logistic regression
assessment. The curves of receiver operating characteristic (ROC) were then employed for comparing the predictive value of the
T-BISAP and BISAP models on the basis of the area under the ROC curve (AUC) when predictive adverse clinical outcomes
within 28 days. These AUC values were compared with the DeLong test. A decision curve analysis (DCA) was additionally
executed to explore the clinical benefit associated with the T-BISAP model. A two-sided P < 0.05 was the threshold of
significance for the analyses. SPSS v 26.0 (IBM, NY, USA), MedCalc ® Statistical computer program v 19, and R V.3.5.1 (R
Foundation for Statistical Computing, Vienna, Austria) were employed for all statistical assessments.

Results

Patient Properties and Clinical Findings

In total, 440 patients (267 male, 60.88%) were considered in the present research, with an average age of 48.48+14.89
years. Over the 28-day follow-up period, 27 patients (6.14%) died. Enrolled cases were divided at a ratio of 1:1 to
derivation and validation groups (n = 220 each) with SPSS 26.0, with no substantial discrepancies in baseline patient
features, laboratory findings, AP etiology, AP severity, or endpoint outcomes between groups (Table 1).
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Table | Basic Characteristics of the Derivation Group and the Validation Group
Variable Derivation Group Validation Group P-value
(n=220) (n=220)
Baseline
Age (years) 48.42 (+14.33) 48.54 (+15.46) 0.936
Male, n (%) 130 (59.1%) 137 (62.3%) 0.494
BMI 25.50 (23.02-27.86) 25.75 (23.38-27.68) 0.910
Etiology, n (%) 0.384
Gallstone 75 (34.1%) 79 (35.9%)
Hyperlipemia 82 (37.3%) 81 (36.8%)
Alcohol abuse 21 (9.5%) 29 (13.2%)
Unknown 42 (19.1%) 31 (14.1%)
PH 7.44 (7.40-7.47) 7.43 (7.39-7.47) 0.441
WBC (10%1L) 13.12 (10.16-16.89) 13.38 (9.43-17.24) 0.984
PLT (10°/L) 160.00 (119.00-205.50) 162.50 (126.50-215.50) 0.182
Hb (g/L) 131.63 (+28.89) 132.45 (+27.75) 0.762
HCT (%) 0.39 (0.34-0.44) 0.39 (0.34-0.43) 0.755
TBIL (umol/L) 19.75 (13.30-32.53) 20.10 (12.33-32.25) 0.942
ALT (IU/L) 31.00 (16.25-72.75) 30.50 (18.25-58.75) 0.717
AST (IU/L) 33.50 (21.00-71.50) 34.00 (22.00-71.00) 0.798
Albumin (g/L) 35.70 (31.43-41.10) 37.05 (31.55-41.60) 0.212
Cr (umol/L) 66.00 (52.25-88.75) 68.00 (55.25-91.75) 0.434
BUN (mg/dL) 4.72 (3.37-6.52) 4.96 (3.54-7.37) 0.244
CHOL (mmol/L) 3.94 (2.97-5.75) 4.20 (3.24-5.78) 0.143
TG (mmol/L) 1.89 (1.06—4.90) 2.39 (1.21-6.03) 0.152
HDL-C (mmol/L) 0.83 (0.54-1.19) 0.85 (0.49-1.15) 0.904
LDL-C (mmol/L) 1.38 (0.76-2.24) 1.47 (0.72-2.31) 0.649
LIP (U/L) 266.50 (99.00-832.00) 208.00 (80.25-791.25) 0.298
AMY (U/L) 236.50 (93.00-657.75) 179.50 (71.00-627.75) 0.360
Ca (mmol/L) 2.07 (1.87-2.21) 2.09 (1.90-2.25) 0412
PT (s) 13.00 (12.00-14.20) 12.75 (12.00-14.10) 0.337
APTT (s) 30.65 (27.58-34.98) 30.60 (28.00-35.08) 0.989
CRP (mg/L) 163.00 (85.48-267.00) 158.50 (76.53-266.75) 0.635
PCT (ng/mL) 0.41 (0.14-1.23) 0.47 (0.17-1.88) 0.176
IL-6 (pg/mL) 91.38 (35.67-183.83) 78.34 (30.86—168.50) 0.357
LAC (mmol/L) 1.60 (1.20-2.28) 1.50 (1.30-2.20) 0416
(Continued)
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Table | (Continued).

Variable Derivation Group Validation Group P-value
(n=220) (n=220)

Severity 0.708

MAP, n (%) 31 (14.1%) 27 (12.3%)

MSAP, n (%) 61 (27.7%) 68 (30.9%)

SAP, n (%) 128 (58.2%) 125 (56.8%)

Scores

APACHE Il 7 (4-10) 7 (5-10) 0.288

TIPS I (0-1) I (0-1) 0.053

BISAP 2 (1-2) 2 (1-3) 0.250

Endpoint event

Death, n (%) 14 (6.4%) 13 (5.9%) 0.843

AICU, n (%) 37 (16.8%) 46 (20.9%) 0.273

MV, n (%) 65 (29.5%) 69 (31.4%) 0.679

Abbreviations: BMI, body mass index; PH, potential of hydrogen; WBC, white blood cell; PLT, platelets; HB, hemoglobin; HCT,
hematocrit; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cr, creatinine; BUN, blood urea
nitrogen; CHOL, cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; LIP, lipase; AMY, amylase; Ca, calcium; PT, prothrombin time; APTT, activated partial thromboplastin time; CRP,
C-reactive protein; PCT, procalcitonin; IL-6, interleukin-6; LAC, lactate; MAP, mild acute pancreatitis; MSAP, moderately severe
acute pancreatitis; SAP, severe acute pancreatitis; APACHE I, acute physiology and chronic health evaluation scoring system; TIPS,
thrombo-inflammatory prognostic score; BISAP, bedside index for severity in AP; AICU, admission to intensive care unit; MV,
mechanical ventilation.

Derivation Group Participant Characteristics

The average age of the 220 cases in the derivation group (59.1% male) was 48.42+14.33 years. Of these patients, 14 died
during the 28-day follow-up period, and baseline characteristics were then compared between patients that did and did
not experience mortality during this period as shown in Table 2.

Comparison of BISAP and TIPS Scores in AP Patients That Experienced Clinical
Adverse Outcomes

In the derivation cohort, rates of adverse clinical outcomes rose with rising TIPS and BISAP scores. When comparing
these scores between patients that did and did not die during the follow-up period, both the TIPS and BISAP scores were
greater in the deceased patient group relative to the surviving patient group (Figure 1A and B, P < 0.05). We additionally
divided AP patients into AICU and non-AICU groups based upon whether or not they were admitted to the ICU within
a 28-day period. The results of these analyses indicated that both TIPS and BISAP scores were considerably greater in
the AICU group relative to the non-AICU group (Figure 1C and D, P < 0.05). Consistently, these two scores were
notably greater in the MV group relative to the non-MV group (Figure 1E and F, P < 0.05).

Correlations Between the T-BISAP Scores and Adverse Clinical Outcomes

Correlation assessments were next executed to examine the association between T-BISAP scores and AP patient clinical
outcomes using Pearson y’-tests. A substantial positive association was detected between T-BISAP scores and 28-day
mortality (r = 0.389, P < 0.001), AICU (r = 0.436, P < 0.001), and MV (r = 0.395, P < 0.001), with this correlation being
stronger than that for either TIPS or BISAP scores individually (Table 3).
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Table 2 Characteristics of Patients in the Derivation Group

Variable Survial (n = 206) Death (n = 14) P-value
Baseline variables
Age (years) 47.96 (x14.18) 55.29 (£15.31) 0.103
Male, n (%) 124 (60.2%) 6 (42.9%) 0.202
BMI 25.60 (+4.00) 25.11 (£5.43) 0.661
Etiology, n (%) 0.140
Gallstone 72 (35.0%) 2 (14.3%)
Hyperlipemia 75 (36.4%) 4 (28.6%)
Alcohol abuse 17 (8.3%) 2 (14.3%)
Unknown 42 (20.4%) 6 (42.9%)
PH 7.44 (7.07-7.47) 7.37 (7.33-7.46) 0.077
WBC (10°/L) 13.06 (10.15-16.65) 16.65 (10.71-19.93) 0.115
PLT (10°/L) 159.00 (119.00-201.00) 179.50 (85.50-224.25) 0.679
Hb (g/L) 133.37 (£27.66) 106.07 (£35.27) 0.001
HCT (%) 39.17 (+£6.89) 32.79 (£9.85) 0.001
TBIL (umol/L) 20.35 (13.20-32.83) 15.90 (14.18-18.40) 0.248
ALT (IU/L) 31.00 (17.00-74.00) 30.00 (14.25-55.25) 0.653
AST (IU/L) 32.25 (21.00-67.75) 49.50 (22.75-77.50) 0.442
Albumin (g/L) 36.00 (31.40—41.40) 34.20 (31.60-36.50) 0.191
Cr (umol/L) 66.00 (52.00-87.00) 104.00 (53.25-257.50) 0.102
BUN (mg/dL) 4.64 (3.33-6.32) 12.57 (4.01-17.40) 0.003
CHOL (mmol/L) 3.99 (3.08-6.01) 2.30 (1.89-3.88) <0.001
TG (mmol/L) 2.09 (1.06-5.21) 1.52 (0.80-2.05) 0.086
HDL-C (mmol/L) 0.85 (0.54-1.19) 0.65 (0.36-0.99) 0.111
LDL-C (mmol/L) 1.38 (0.81-2.24) 1.00 (0.44-1.96) 0.307
LIP (IU/L) 275.00 (100.50-826.00) 158.50 (32.25-1113.25) 0.293
AMY (IU/L) 245.00 (96.00-666.50) 81.50 (38.75-809.50) 0.176
Ca (mmol/L) 2.07 (1.89-2.21) 2.07 (1.79-2.21) 0.929
PT (s) 12.90 (11.98-13.90) 14.95 (14.33-17.78) <0.001
APTT (s) 30.50 (27.30-34.38) 35.30 (30.9045.10) 0.004
CRP (mg/L) 165.50 (83.63-267.25) 122.50 (86.43-218.00) 0.773
PCT (ng/mL) 0.41 (0.14-1.17) 0.72 (0.18-4.27) 0.401
IL-6 (pg/mL) 87.93 (30.14-168.90) 133.25 (87.37-266.50) 0.035
LAC (mmol/L) 1.50 (1.20-2.20) 2.00 (1.50-2.55) 0.097
(Continued)
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Table 2 (Continued).

Variable Survial (n = 206) Death (n = 14) P-value
Severity 0.024
MAP, n (%) 31 (15.0%) 0 (0.0%)

MSAP, n (%) 60 (29.1%) I (7.1%)

SAP, n (%) 115 (55.8%) 13 (92.9%)

Scores

APACHE I 6 (4-9) Il (10-14) <0.001
BISAP 2(1-2) 3 (24 <0.001
TIPS I (0-1) 2 (2-2) <0.001

Abbreviations: BMI, body mass index; PH, potential of hydrogen; WBC, white blood cell; PLT, platelets; HB, hemoglobin; HCT, hematocrit;
TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cr, creatinine; BUN, blood urea nitrogen; CHOL,
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LIP, lipase; AMY,
amylase; Ca, calcium; PT, prothrombin time; APTT, activated partial thromboplastin time; CRP, C-reactive protein; PCT, procalcitonin; IL-6,
interleukin-6; LAC, lactate; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; APACHE

Il, acute physiology and chronic health evaluation scoring system; TIPS, thrombo-inflammatory prognostic score; BISAP, bedside index for
severity in AP.

Logistic Regression Analyses

In univariate logistic regression assessments, T-BISAP scores were significantly associated with the risk of adverse AP
patient clinical outcomes. To confirm the relevance of this relationship, a multivariate analysis was conducted after
adjusting for potential confounding variables, revealing T-BISAP scores on admission to be independent predictors of
adverse AP patient outcomes including 28-day mortality (OR = 2.894, 95% CI 1.705-4.914, P < 0.001), AICU (OR =
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Figure | (A) Comparison of BISAP score between death group and survival group; (B) comparison of TIPS score between death group and survival group; (C) comparison
of BISAP score between AICU group and Non-AICU group; (D) comparison of TIPS score between AICU group and Non-AICU group; (E) comparison of BISAP score
between MV group and Non-MV group; (F) comparison of TIPS score MV group and Non-MV group. All data are median (IQR) and compared using the Mann—Whitney
U-test. **P < 0.05, ***P < 0.001.

Abbreviations: TIPS, thrombo-inflammatory prognostic score; BISAP, bedside index for severity in AP; AICU, admission to intensive care unit; MV, mechanical ventilation.
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Table 3 Correlation Analysis

Scores 28-Day Mortality AICU MV

r P r P r P
BISAP 0.336 <0.001 0.435 <0.001 0.385 <0.001
TIPS 0.328 <0.001 0.194 0.004 0.241 <0.001
T-BISAP 0.389 <0.001 0.436 <0.001 0.395 <0.001

3.040, 95% CI 2.022-4.570, P < 0.001), and MV (OR = 3.018, 95% CI 1.989-4.579, P < 0.001). For further details
regarding these results, see Table 4.

The Value of T-BISAP Scores as Predictors of AP Patient 28-Day Mortality

The curves of ROC were next constructed to assess the capability of T-BISAP scores to predict AP patient 28-day
mortality in the derivation cohort (Figure 2). This analysis revealed that the addition of TIPS scores to BISAP scores led
to a significant improvement in AUC values from 0.809 to 0.903 (P=0.0088). While BISAP scores exhibited good
specificity (84.47%) but worse sensitivity (57.14%), T-BISAP scores exhibited excellent specificity and sensitivity values
of 83.50% and 85.71%, respectively (Table 5).

Validation of the Value of T-BISAP Scores as Predictors of AP Patient 28-Day Mortality
Next, we calculated AUC values for patients in the validation group to greater confirm the clinical usefulness of adding
the TIPS and BISAP scores when predicting AP patient 28-day mortality. Relative to the BISAP scores, T-BISAP
scores were associated with higher AUC values when predicting 28-day mortality (AUC: 0.853 vs 0.709, AAUC =
0.144, P=0.0265, Figure 3A), AICU (AUC: 0.824 vs 0.751, AAUC=0.073, P=0.0113, Figure 3B), and MV (0.808 vs
0.755, AAUC=0.053, P=0.0277, Figure 3C) relative to BISAP alone. A DCA approach further confirmed that

Table 4 Univariable and Multivariable Logistic Regression Analyses of the T-BISAP
Associated with the Clinical Adverse Outcomes in Patients with AP

Clinical Outcomes T-BISAP

OR 95% ClI P-value

Lower Upper

28-day mortality
Unadjusted 2.719 1.756 4.211 <0.001
Adjusted® 2.894 1.705 4914 <0.001
AICU
Unadjusted 2718 1.906 3.875 <0.001
Adjusted® 3.040 2.022 4.570 <0.001
MV
Unadjusted 2.720 1.875 3.945 <0.001
Adjusted® 3.018 1.989 4.579 <0.001

Note: “Risk factors adjustment included age, gender; BMI, etiology.
Abbreviations: AICU, admission to intensive care unit; MV, mechanical ventilation; OR, odds ratio; Cl, confidence
interval.
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Figure 2 ROC curves analysis for predicting 28-day mortality.

T-BISAP was associated with greater net benefit than BISAP scores over a wide range of threshold probabilities
(Figure 4).

Discussion

Acute pancreatitis remains a growing threat to global public health, with an estimated 300,000 ED visits annually in the
USA alone and rising incidence rates.®' Prior research has demonstrated that AP patient outcomes are influenced by the
ability to effectively stratify these patients according to risk levels.® Accordingly, the Rason’s, BISAP, and APACHE-II
scoring systems were developed to differentiate between those patients that are and are not likely to develop SAP in order
to guide clinical patient management.'® Each of these scales, however, is subject to certain limitations.'” An optimal
prognostic scale must be inexpensive, extremely accurate, rapid, and reproducible.'® There thus remains a major unmet
need to design a risk stratification system capable of identifying high-risk AP patients so as to more effectively guide
their clinical treatment.

In prior reports, systemic changes in inflammatory and coagulatory activity have been observed in AP patients and
closely linked to high rates of mortality in this patient population. We have previously conducted a retrospective single-
center analysis of value of TIPS scores, which are on the basis of the inflammatory and thrombotic biomarkers, for the
prediction of the negative AP patient outcomes upon admission to the ED.'? This analysis revealed that TIPS scores
could effectively gauge the elevated risk of multiple adverse clinical outcomes over a 28-day period in this patient
population.

Japanese guidelines currently recommend that BISAP scores be utilized to grade AP severity.' Indeed, multiple
studies have shown these BISAP scores to be accurate predictors of elevated mortality risk among AP patients.>*?! One

Table 5 ROC Curve Analysis of Predicting Prognosis of Patients with AP in the Derivation Group

Scores AUC 95% CI P-value Sensitivity% Specificity% +LR -LR
BISAP 0.809 0.751-0.859 <0.001 57.14 84.47 3.68 0.51
T-BISAP 0.903 0.856-0.939 <0.001 85.71 83.50 5.19 0.17
Abbreviations: BISAP, bedside index for severity in AP; AUC, area under the curve; Cl, confidence interval; LR, likelihood ratio.
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Figure 3 (A) AUCs of the prediction of 28-day mortality; (B) AUCs of the prediction of AICU; (C) AUCs of the prediction of MV.
Abbreviations: T-BISAP, combination of thrombo-inflammatory prognostic score (TIPS) and BISAP; BISAP, bedside index for severity in acute pancreatitis; APACHE I,
acute physiology and chronic health evaluation II.

key advantage of the BISAP scoring system is that these values can be rapidly calculated to permit efficient patient
stratification based upon disease severity in the clinic.? Silva-Vaz et al*® calculated AUC values of 0.786 and 0.970 for
the BISAP score at admission and 48 h, respectively, when used to predict mortality, suggesting that it is a less reliable
predictor upon patient admission. Other studies have also noted that BISAP scores are limited by their inability to
differentiate among individuals suffering from temporary organ dysfunction and those exhibiting long-term organ
dysfunction, potentially overestimating disease severity.*>

In prior reports, combinations of scoring systems have similarly been shown to increase their prognostic utility
when assessing AP patients to gauge the risk of adverse clinical outcomes. We found both BISAP and TIPS scores to
be independently related to the odds of 28-day mortality in individuals with AP, and we confirmed that the odds of
adverse clinical outcomes rose as these scores increased. The TIPS score consists of biomarkers of inflammation (IL-
6) and coagulation (PT), both of which have the potential to predict poor AP patient outcomes yet are absent from the
BISAP scoring system. No study to our knowledge has previously evaluated the prognostic utility of combining TIPS
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Figure 4 Decision-curve analysis (DCA) for predicting acute pancreatitis 28-day mortality. Decision curve analysis for the T-BISAP and BISAP. The x-axis shows the
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hypothesis that all patients died within 28 days. The bold black line indicates the hypothesis that no patient died within 28 days.

Abbreviations: BISAP, bedside index for severity in acute pancreatitis; T-BISAP, combination of thrombo-inflammatory prognostic score (TIPS) and BISAP.

and BISAP scores when evaluating patients with AP. We therefore hypothesized that TIPS may offer value as
a means of improving our ability to estimate adverse clinical information among AP cases admitted to the ED.

Consistent with our hypothesis, we found that TIPS scores significantly improved the ability of BISAP scores to gauge
the risk of adverse outcomes among AP patients, significantly improving the AUC value for predicting 28-day mortality over
that for BISAP scores alone in our derivation cohort. Moreover, we found T-BISAP scores to improve sensitivity relative to
BISAP scores alone while maintaining excellent specificity when evaluating this primary study endpoint.

To confirm the accuracy of our findings, we repeated these analyses in our validation cohort and found that this did
not result in any change in our overall conclusions. When comparing the relative performance of T-BISAP and BISAP
systems as a means of predicting patient 28-day mortality, T-BISAP exhibited significantly better predictive performance
as evidenced by an improved AUC value (P < 0.05). We additionally used a DCA approach to evaluate the utility of this
model as a tool for estimating AP patient mortality, and found T-BISAP to exhibit a higher net benefit than BISAP alone
at all threshold probability levels. This thus confirms the clear clinical utility of T-BISAP as a tool for predicting survival
outcomes among individuals with AP that is superior to BISAP alone.

Patients with SAP often exhibit high mortality rates tied to multiple organ failure.** The early admission to the ICU
can provide improved odds of survival to those SAP patients necessitating organ support.>> Given limitations in ICU
space, it is critical that the patients most in need of admission be quickly identified.”® We found that the T-BISAP tool
was better capable to estimate AICU in AP cases relative to the scores of BISAP alone, as evidenced by a significant
improvement in the corresponding AUC value.

Acute respiratory distress syndrome (ARDS) is a common complication among individuals suffering from SAP,*’
potentially leading to the need for mechanical ventilation. The ability to recognize the potential for such respiratory
failure and the provision of MV in a timely manner when necessary has the potential to improve patient survival. In this
analysis, we examined the ability of our T-BISAP model to predict the need for MV, confirming that TIPS scores
significantly enhanced the risk stratification capabilities of BISAP scores when predicting the requirement for MV during
the early stages of AP following ED admission.

We additionally compared other common prognostic scoring systems including the APACHE II score to confirm the
reliability of the developed T-BISAP approach to AP patient risk stratification. Relative to APACHE II scores, the
T-BISAP system yielded similar prognostic abilities with respect to its ability to predict 28-day mortality, AICU, and
MV. As the APACHE II system necessitates more parameters and is very time-consuming, it cannot generally be utilized
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in an ED context. Overall, our results thus suggest that the combined T-BISAP approach can more readily and accurately
identify high-risk AP patients admitted to the ED during the initial stages of disease, making it a suitable tool for patient
management.

Limitations

There exist some restrictions to this study. For one, this was a single-center analysis of a relatively homogeneous study
population, thus introducing inevitable bias despite our best efforts to minimize these effects. Second, the TIPS and
BISAP scores were computed upon ED admission, but the changes in these scores in patients over time may have
impacted their associated prognostic utility. Thirdly, we did not conduct any external validation, and further large-scale
multi-center trials will be essential to validate these findings in the future in a prospective fashion.

Conclusions

The present analysis revealed that high TIPS and high BISAP scores are both independent predictors of AP patient
prognosis. The addition of TIPS to BISAP score improved the overall prognostic value of the latter scale when used to
conduct an assessment of the risk of negative outcomes in AP patients during the early phase.
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