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Objective: To develop a new approach based on Balthazar grades of acute pancreatitis (AP) and to assess this modified method as
a tool for the early prediction of AP severity in the emergency department (ED).
Methods: Data pertaining to AP patients ≥18 years old that had undergone computed tomography (CT) scanning within 24
h following ED admission between January 1, 2017 and September 30, 2017 were retrospectively analyzed. Patients were separated
into two groups based on the length of time between the onset of their AP symptoms and the completion of CT scanning (Group 1: <72
h; Group 2: ≥72 h). Modified Balthazar grades for these patients were then assessed, with the concordance between these modified
grades and the 2012 revised Atlanta classification being assessed using the Kappa (κ) statistic. The modified grade with the largest κ
value was evaluated based on performance traits including Harrell’s concordance index (C-index), area under the receiver operating
characteristic curve (AUC) analyses, calibration curves, and decision curve analyses (DCA) in comparison with bedside index for
severity in AP (BISAP) scores.
Results: In total, 372 patients were included in the present analysis. These patients were regraded according to six methods, with the
method yielding the largest κ value consisting of regraded Balthazar grades A–C, D, and E, respectively, corresponding to mild, moderate,
and severe AP. The κ values for this method were 0.786 (95% CI, 0.706–0.853) in Group 1 and 0.907 (95% CI, 0.842–0.955) in Group 2,
exhibiting nearly complete agreement with the latest Atlanta classification of AP. AUROC values for these modified Balthazar grades when
used to predict SAP were significantly higher than those for BISAP scores in Group 1, Group 2, and the overall cohort (P < 0.05). The DCA
curves for Group 1, Group 2, and the overall patient cohort exhibited substantial net benefits when using thesemodified grades across a range
of POFs relative to BISAP scores. The calibration curve for this modified approach to predicting POF in AP patients revealed good
agreement in this cohort.
Conclusion: Modified Balthazar grades exhibited substantial to near-total agreement with the 2012 revised Atlanta classification of
AP patients, and this modified method can thus be used for the early prediction of AP severity in the ED.
Keywords: acute pancreatitis, severity, Balthazar grade, revised Atlanta classification

Introduction
Acute pancreatitis (AP) is an inflammatory and exudative condition of the pancreas that can involve other local or distal
organ systems.1 AP is among the leading gastrointestinal causes of hospitalization, affecting estimated 13–45/
100,000 persons worldwide.2 The overall incidence of AP is steadily rising, with a median 3.4% annual growth rate.3

Mortality rates for AP patients range from 2% to 20% depending on disease severity.2,4,5 Per the 2012 revised Atlanta
classification system, AP is classified as mild AP (MAP), moderate-severe AP (MSAP), or severe AP (SAP) based upon
whether or not it manifests with local or systemic complications and organ failure lasting for ≤48 h or >48 h.6 MAP
patients generally recover within a few days without the need for hospitalization.7,8 MSAP and SAP patients, in
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contrast, can exhibit local and/or systemic complications and potentially fatal multi-organ dysfunction syndrome
(MODS) driven by a pronounced inflammatory response, while early hospitalization or intensive care unit (ICU)
treatment can improve outcomes in these patients.9 It is thus important to differentiate between MSAP/SAP patients
and MAP patients such that the former can undergo early ICU admission, while the latter can undergo outpatient
treatment in order to improve patient prognosis while minimizing the waste of medical resources associated with MAP
patient hospitalization.

Predicting AP severity during the early stages of the disease is vital to appropriate patient triage and can markedly
improve patient outcomes. As such, a series of scoring systems have been developed to assess pancreatitis severity at
presentation or at 48 h, including the Ranson criteria,10 Glasgow-Imrie score,11 Acute Physiology and Chronic Health
Evaluation II (APACHE II),12,13 Simplified Acute Physiology Score (SAPS II),14 Multiple Organ System Score
(MOSS),15 and Balthazar grade systems.16 All of these evaluation approaches, however, are primarily derived from
the assessment of AP as per the Atlanta criteria or mortality outcomes rather than the 2012 revised Atlanta classification
system capable of differentiating MSAP patients from those with MAP or SAP.17 Moreover, these methods necessitate
complex or cumbersome calculations and can necessitate dynamic examination for 24–48 h, thus precluding the early
prediction of AP severity. There is thus the urgent need for the development of a rapid and robust approach to accurately
predicting AP severity at an early time point.

Introduced by Balthazar in 1994, the Balthazard grading scale can assess AP severity based on the appearance of the
pancreas in computed tomography (CT) scans, stratifying AP patients into grades A - E.16 This system has proven to be
superior to many of the other clinical scoring methods discussed above,18,19 but it is also subject to many of the same
limitations given that its accuracy within 72 h of AP onset is limited. In an effort to guide the early prediction of AP
severity in the emergency department (ED), we therefore sought to modify these Balthazar grades and we assessed the
efficacy of our modified grading system as a tool for predicting AP severity in the ED.

Materials and Methods
Study Design
This was a single-center retrospective cohort study that was conducted in accordance with the Declaration of Helsinki
and received approval from the Human Ethical Committee of West China Hospital of Sichuan University (No.2019-334).
As data were obtained retrospectively from an electronic case information system and laboratory test system without the
need for any additional analyses, informed consent was not obtained from individual patients.

Study Population
AP patients evaluated in the ED of West China Hospital from January 1, 2017 to September 30, 2017 were retro-
spectively enrolled in this study if they were ≥18 years old and had undergone CT examination within 24 h following ED
admission. Patients were excluded if they had a history of organ failure, were diagnosed with chronic pancreatitis or
pancreatic cancer, had undergone prior pancreatic surgery, or exhibited incomplete clinical data.

Patients were separated into two groups based upon whether or not their CT scans had been completed within 72 h of
AP symptom onset (Group 1: <72 h; Group 2: ≥72 h). MAP, MSAP, and SAP were diagnosed by adopting the 2012
revision of the Atlanta Classification of AP criteria.7

Data Collection
Data collected from the electronic case information system and laboratory test information system of our hospital
pertaining to enrolled patients included age, gender, clinical features, laboratory test results, disease severity, time of
symptom onset, time of admission, and time of initial CT scan. All patient data was anonymized and encrypted. Patient
Balthazar grades were confirmed by two independent radiologists blinded to patient outcomes and other examination
data.
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Statistical Analysis
SPSS v 25.0 was used to analyze all data. Continuous data are given as means ± standard deviation and were compared
via non-parametric Mann–Whitney tests or Student’s t-tests. Categorical data are given as frequencies and percentages
and were compared via Fisher’s exact test or χ2 tests. Concordance between the modified grading methods developed
herein and the 2012 revised Atlanta classification criteria was assessed using the κ statistic.20 Area under the ROC curve
(AUC) values were assessed to gauge the discriminative performance of the modified method. Calibration was assessed
using a calibration curve, a decision curve analysis (DCA) was performed to assess the clinical utility of this modified
method. P < 0.05 was the threshold of significance.

Results
Patient Characteristics
In total, 502 AP patients were identified over the study period, of whom 130 were excluded based on the exclusion
criteria. The remaining 372 patients were enrolled in this study, with 200 and 172 being, respectively, included in Group
1 and Group 2.

Patient demographic characteristics, clinical features, laboratory findings, and grouping data are compiled in Table 1.
The average age of patients in this study was 49.40 ± 15.14 years (range: 14–92), and 231 (62.10%) of them were male.
In total, there were 81 (21.77%), 117 (31.45%), and 174 (46.78%) MAP, MSAP, and SAP patients in this study cohort,
respectively (Table 1).

Table 1 Characteristics of Patients with Different Severity of AP According to the 2012 Revised Atlanta Classification

Mild (n=81) Moderate Severe
(n=117)

Severe (n=174) P

Male, n (%) 41 (50.62) 74 (63.25) 116 (66.67) 0.081

Age, year 52.99±17.25 48.48±14.20 48.24±14.50 0.063
Fever, °C 36.70±0.53 36.82±0.60 36.94±0.72 0.028

HR, beats/min 90.13±18.86 102.23±23.55 112.54±24.12 <0.001

MAP, mmHg 100.03±14.95 98.58±13.84 100.00±16.06 0.724
RR, /min 20.86±2.46 22.90±4.92 23.85±5.17 <0.001

PaO2/Fi02 365.72±84.00 329.18±121.66 279.94±115.42 <0.001

WBC, 109/L 12.39±5.08 14.57±5.85 14.05±6.17 0.039
HB, g/L 130.59±21.26 132.31±21.29 133.85±34.16 0.702

HCT, % 37.80±5.06 38.48±5.53 39.35±8.60 0.270

PLT,109/L 175.86±75.28 176.86±80.88 173.36±89.92 0.945
TBIL, μmol/L 32.38±36.74 29.67±37.24 35.76±60.87 0.618

BUN, mmol/L 5.01±3.71 4.87±2.49 6.82±4.41 <0.001

ALB, mmol/L 39.73±5.86 36.29±7.07 34.07±6.13 <0.001
Cr, mmol/L 66.75±18.32 76.00±55.68 119.79±114.14 <0.001

PT, s 12.67±2.65 13.03±1.49 13.60±2.08 <0.001

D-Dimer 2.87±5.05 5.27±5.70 6.21±5.19 <0.001
AMY, U/L 357.34±518.33 351.84±408.29 614.59±698.38 <0.001

LIP, U/L 432.00±534.50 424.29±478.19 756.95±1270.26 0.006

Ca, mmol/L 2.16±0.19 2.05±0.28 1.95±0.30 <0.001
LAC, mmol/L 1.71±1.19 1.84±0.89 2.29±1.55 0.002

Balthazar grade * 2.43±0.87 3.91±0.54 4.85±0.55 <0.001

Marshall scores 1.01±0.95 1.41±1.14 2.57±1.75 <0.001
APACHE-II 6.01±3.32 6.59±3.37 8.62±4.15 <0.001

SOFA 2.36±1.75 2.76±1.78 4.37±2.47 <0.001

BISAP 1.37±0.83 1.76±0.89 2.18±0.91 <0.001
LOS in hospital†, day 11.63±7.19 13.25±7.10 20.81±15.94 <0.001

Notes: *Translated the Balthazar grade scale A to E into a point scale 1 to 5. †LOS in hospital, length of stay in hospital.
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Clinical and Laboratory Information
There were significant differences among MAP, MSAP, and SAP patients with respect to indices including fever,
respiratory rate (RR), heart rate (HR), white blood cell (WBC) count, oxygenation index (PaO2/Fi02), lactate (LAC),
blood urea nitrogen (BUN), albumin (ALB), creatinine (Cr), prothrombin time (PT), D-Dimer, amylase (AMY), lipase
(LIP), calcium (Ca), Balthazar grades, Marshall scores, SOFA scores, APACHE II scores, Bedside Index for Severity in
Acute Pancreatitis (BISAP) scores, and length of hospitalization (P < 0.05; Table 1). In contrast, there were no
differences in gender, mean arterial pressure (MAP), hemoglobin (HB), hematocrit (HCT), platelets (PLT), or total
bilirubin (TBIL) levels among these groups (P > 0.05).

Balthazar CT Grades
With respect to Balthazard grade distributions in this study cohort, 80, 64, 39, 9, and 8 patients in Group 1 were classified
as Balthazar grade E, D, C, B, and A, respectively, while in Group 2 there were 85, 46, 22, 9, and 10 patients classified in
these respective grade categories (Figure 1). The mean Balthazard grade scores in Group 1, Group 2, and the overall
patient cohort were 4.00, 4.09, and 4.04, respectively (P > 0.05).

Patient Regrading and κ Value Calculation
We next modified the Balthazar grading criteria to establish six new classification methods corresponding to the three
grades of AP severity defined by the 2012 Atlanta classification system, as shown in Table 2. Of these methods, Method
6, which regraded Balthazar scores of A-C, D, and E as MAP, MSAP, and SAP, respectively, exhibited the largest κ value
of these tested methods, with values of 0.786 (0.706–0.853), 0.907 (0.842–0.955) and 0.841 (0.794–0.885) in Group 1,
Group 2, and the overall cohort, respectively, as shown in Table 3, consistent with substantial or near-total agreement
with the 2012 revised Atlanta classifications.

Correlations Between Modified Balthazar Grading and AP Severity Parameters
Using regrading method 6 established above, we were able to classify 97, 110, and 167 AP patients in the overall study
cohort as having MAP, MSAP, and SAP, respectively, including 56, 64, and 80 patients in Group 1 and 41, 46, and 85
patients in Group 2, respectively (Table 4). There were also significant differences in transient organ dysfunction, long-
term organ dysfunction, ICU treatment, and in-hospital mortality among patients with different levels of disease severity
established using this method in both the individual groups and the overall study cohort (P < 0.001).

Assessment of Modified Balthazar Grade Prognostic Performance
The ROC curves generated for Group 1, Group 2, and the overall cohort revealed that these modified Balthazar
grades exhibited good discriminative power as a means of predicting SAP, with respective AUC values of 0.928 (95%
CI, 0.887–0.968), 0.968 (95% CI, 0.939–0.996), and 0.944 (95% CI, 0.919–0.970), as compared to respective BISAP

Figure 1 Distribution of patients according to Balthazar grades.
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AUC values of 0.707 (95% CI, 0.635–0.779), 0.662 (95% CI, 0.581–0.742), and 0.688 (95% CI, 0.634–0.741),
Marshall AUC values of 0.762 (95% CI, 0.695–0.829), 0.735 (95% CI, 0.661–0.810), and 0.750 (95% CI, 0.700–
0.799) and APACHE II AUC values of 0.699 (95% CI, 0.626–0.772), 0.665 (95% CI, 0.585–0.745), and 0.690 (95%
CI, 0.637–0.744) (Figure 2A–C). These AUROC values for the modified Balthazar grades were significantly higher
than those for BISAP scores in Group 1, Group 2, and the overall cohort (P < 0.05). The sensitivity, specificity and

Table 3 κ Values Corresponding to Comparisons Between Different Regrading Methods and the 2012 Revised
Atlanta Classifications

κ (95% CI)

Group 1 (n=202) Group 2 (n=170) Total

Regrading method 1 0.563 (0.481–0.648) 0.685 (0.600–0.769) 0.620 (0.559–0.676)
Regrading method 2 0.168 (0.088–0.254) 0.213 (0.123–0.306) 0.189 (0.131–0.249)

Regrading method 3 0.067 (0.013–0.127) 0.130 (0.057–0.210) 0.094 (0.051–0.139)

Regrading method 4 0.622 (0.533–0.708) 0.772 (0.691–0.850) 0.691 (0.626–0.749)
Regrading method 5 0.232 (0.148–0.323) 0.313 (0.212–0.418) 0.270 (0.204–0.337)

Regrading method 6 0.786 (0.706–0.853) 0.907 (0.842–0.955) 0.841 (0.794–0.885)

Table 2 Six Regrading Methods Based on Balthazar Grades of AP

Balthazar Grades of AP

A B C D E

Regrading method 1 MAP MSAP SAP

Regrading method 2 MAP MSAP SAP

Regrading method 3 MAP MSAP SAP

Regrading method 4 MAP MSAP SAP

Regrading method 5 MAP MSAP SAP

Regrading method 6 MAP MSAP SAP

Notes: Green, MAP = mild acute pancreatitis; yellow, MSAP = moderate severe acute pancreatitis; red, SAP = severe acute pancreatitis.

Table 4 The Relationship Between Severity Parameter and the Modified Balthazar Grades

Severity

Parameter

The Modified Balthazar Grades (Regrade Method 6)

Group 1 p Group 2 p Total p

Mild

(n=56)

Moderate

(n=64)

Severity

(n=80)

Mild

(n=41)

Moderate

(n=46)

Severity

(n=85)

Mild

(n=97)

Moderate

(n=110)

Severity

(n=165)

Organ failure, n

None 43 2 1 <0.001 41 0 0 <0.001 84 2 1 <0.001

Transient 10 53 3 <0.001 0 44 2 <0.001 10 97 5 <0.001

Persistent 3 9 76 <0.001 0 2 83 <0.001 3 11 159 <0.001

Need for ICU, n 1 5 25 <0.001 1 4 35 <0.001 2 9 60 <0.001

Death, n 0 2 9 <0.001 0 3 15 <0.001 0 5 24 <0.001

Abbreviations: ICU, intensive care unit; Death, hospital death.
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Youden index of modified Balthazar grades of the overall cohort is 89.77%, 96.43% and 0.862 (85.39%, 96.40% and
0.818 for Group 1 and for 94.32%, 97.62% and 0.919 for Group 2.) DCA curves were next generated to assess the
clinical benefits associated with the use of our modified Balthazar grading system, revealing that this modified
grading approach exhibited a large net benefit across SAP as compared to BISAP scores when evaluating patients in
Group 1, Group 2, and the overall cohort (Figure 2D–F). Calibration curves for this modified Balthazar grading
system when used to predict SAP exhibited good agreement with this cohort (Figure 2G–I). In summary, C-index,
ROC curve, and calibration curve analyses all indicated that this modified Balthazar grading system was effective as
a means of screening AP patients for risk of SAP during the early stages of disease.

Discussion
A range of scoring systems and biomarkers have previously been used to predict disease severity in AP patients, but
these approaches have been subject to certain limitations. For example, several require complex calculations and an
observation period of at least 48 h, limiting their utility in an ED setting.21 The Balthazard grading system is a CT-based
approach to assessing AP severity based on the appearance of the pancreas that was first introduced in 1994,16 and it has
been shown to be superior to many other clinical scoring systems and approaches to gauging AP severity.18,19 However,
Balthazar grades separate patients into five levels (A-E), thus yielding a complex system that does not directly correspond
to the 2012 revised Atlanta classification criteria for AP. Moreover, CT scans are typically performed more than 72 h after
AP symptom onset other than in specific diagnostic contexts,9,22 making Balthazar scoring impractical as a means of
predicting AP severity at an early stage.

Figure 2 Continue.
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The present study is the first to our knowledge to have utilized modified Balthazard grades to predict AP patient
disease severity for individuals completing CT scans within 72 h of symptom onset based on the 2012 revised Atlanta
classification criteria. Results including κ values, C-index, calibration curves, and ROC curves demonstrated that our
modified Balthazard grading strategy was able to predict POF among AP patients more accurately than BISAP scores,
consistent with the prognostic value of these scores during the early stages of AP. This modified grading approach may
thus guide clinicians in efforts to select patients for early ICU treatment or admission in an effort to improve patient
outcomes. SAP entails potentially serious complications and high mortality rates, and patient prognosis can be improved
via early admission or ICU treatment.23 The proportion of SAP was higher in this study relative to prior reports,24

potentially because West China Hospital is a prestigious and well-known medical center that treats many critically ill
patients transferred from other hospitals.

Figure 2 The prognostic performance of modified Balthazar grade in patients with AP. (A–C) ROC curves corresponding to the utility of modified Balthazar grades,
Marshall, APACHE II and BISAP scores as predictors of SAP in Group 1, Group 2, and the overall study cohort; (D–F) DCA curves corresponding to the utility of modified
Balthazar grades and BISAP scores as predictors of SAP in Group 1, Group 2, and the overall study cohort; (G–I) calibration curves corresponding to modified Balthazar
grade as predictors of SAP in Group 1, Group 2, and the overall study cohort.
Abbreviations: ROC, receiver operating characteristic; APACHE, acute physiology and chronic health evaluation; BISAP, bedside index for severity in acute pancreatitis;
AUC, area under the curve.
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There are certain limitations to this study. For one, the study design was retrospective and is thus susceptible to
potential selection bias, and certain clinical or laboratory details corresponding to individual patients may have been
poorly documented. Second, this was a single-center study conducted at a relatively prestigious medical center in China
that has many critically ill patients transferred from other hospitals, resulting in a higher proportion of patients with
severe pancreatitis and thus introducing a degree of selection bias. We were additionally unable to establish the etiology
of AP in individual patients in this retrospective analysis owing to the complexity and multifaceted nature of this disease.

Conclusion
In summary, the modified Balthazar grading strategy developed herein wherein AP patients with Balthazard grades A-C,
D, and E are classified as having mild, moderate, and severe disease, respectively, offers excellent concordance with the
2012 revised Atlanta classification system, suggesting that this method can be reliably used to predict AP severity at an
earlier time point in the ED. However, additional large-scale prospective studies will be necessary to establish whether
this approach can be reliably used to predict AP patient prognosis in a clinical setting.
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