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Original Article

Cardiac indicator CK-MB might be a predictive marker for severity 
and organ failure development of acute pancreatitis
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Background: The prediction of severe acute pancreatitis (SAP) is the key to providing timely and targeted 
intensive care for acute pancreatitis (AP). The heart is one of multiple organs involved in the early stage of 
SAP, but the predictive ability of cardiac dysfunction for SAP remains elusive. We sought to determine if 
the serum levels of three cardiac indicators (CI) including N-terminal pro-brain natriuretic peptide (NT-
proBNP), cardiac troponin I (cTNI), and creatine kinase myocardial band (CK-MB) at admission could 
predict the occurrence of SAP and the development of related organ failure (OF).
Methods: A retrospective, single-center cohort study was conducted on the files of patients presenting to 
the emergency intensive care unit and medical ward of a regional hospital in Shanghai. Patients diagnosed as 
having AP and who met the 2012 Atlanta guideline were admitted within 48 hours after disease onset.
Results: Of the 670 AP patients screened, 238 were enrolled into the study and divided into mild acute 
pancreatitis (MAP) (n=59), moderate severe acute pancreatitis (MSAP) (n=123), and SAP (n=56) groups. 
No significant difference was found in baseline age, gender, duration from disease onset to admission, 
comorbidity, or substance abuse. As the levels of three CIs were significantly higher in the SAP group than 
in the MAP and MSAP groups, the enrolled patients were regrouped into non-SAP and SAP groups for 
predictive evaluation. Multivariate analysis and nomogram modelling showed that CK-MB, but not cTNI 
or NT-proBNP predicted the occurrence of SAP [area under curve (AUC) =0.805, confidence interval (CI): 
0.794–0.905]. Specifically, 89 patients with OF (Modified Marshall score ≥2) upon admission were selected 
and CK-MB was shown to predict (AUC =0.805, CI: 0.794–0.905) persistent OF (n=48, duration of OF  
>48 hours) compared to transient organ failure (TOF) (n=41, duration of OF <48 hours).
Conclusions: CIs including NT-proBNP, cTNI, and CK-MB were elevated in the early stage of AP. CK-
MB might be used as an efficient predictive biomarker for SAP occurrence and OF development at admission.
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Introduction

Severe acute pancreatitis (SAP) accounts for approximately 
20% of acute pancreatitis (AP) cases and has a reported 
mortality rate as high as 24% (1). Key measures to improve 
the outcome of SAP are its early prediction and diagnosis, 
which allow physicians to provide timely intensive care. 
According to the 2012 Atlanta guideline (2), SAP is 
characterized by persistent organ failure (POF) which is 
defined by a Modified Marshall score (MMS) >2 and the 
duration of organ failure (OF) lasting ≥48 hours. This 
definition usually delays the diagnosis of SAP, especially in 
those patients who are admitted within 48 hours of disease 
onset. Despite a plethora of predictive tools including 
scoring systems and laboratory tests, none has been shown 
to be clearly superior, while the predictive power remains 
modest (3). 

Cardiac dysfunction has been reported in the early stage 
of AP (4) and is usually demonstrated by echocardiography 
(cardiac regional wall-motion abnormalities and impaired 
diastolic function) and electrocardiography (T-wave 
flattering and ST-segment depression) (5). However, both 
methods lack specificity, are relatively complex, and require 
specialist assistance, which may restrain their application 
in the prediction of SAP. Serum cardiac indicators (CIs) 
including N-terminal pro-brain natriuretic peptide (NT-
proBNP), cardiac troponin I/T (cTNI/T), and creatine 
kinase myocardial band (CK-MB) are widely used and 
easily obtained in cardiac ischemic disease and cardiac 
dysfunction. Recently, these biomarkers have been shown to 
be well correlated with the severity and prognosis of sepsis, 
a critical illness (6,7). 

Like sepsis, the early pathogenesis of SAP is also 
characterized by the release of inflammatory cytokines and 
reactive oxygen species (ROS) which exert direct damage on 
the myocardium (8). Although NT-proBNP, troponin, and 
CK-MB have been shown to be elevated in the early stage 
of AP (9), the results remain inconsistent and their ability 
to predict the severity of SAP is still not well defined. In a 
prospective study (n=37) Pezzilli et al. (10,11) reported that 
no difference in serum cTNT, CK-MB, or NT-proBNP 
levels were found between mild and severe AP patients. 
However, their findings were inconsistent with another 
study which showed that the serum level of BNP correlated 
with AP severity (6).

We conducted a retrospective cohort study to determine 
if the serum levels of CIs, including NT-proBNP, cTNI, 
and CK-MB within 48 hours of disease onset could predict 

the occurrence of SAP. Specifically, SAP patients with 
single or multiple OF (MMS ≥2) at admission and with 
OF that lasted >48 hours were defined as POF. Mild severe 
acute pancreatitis (MSAP) patients who exhibited OF at 
admission and but recovered from OF within 48 hours were 
defined as TOF. We further evaluated the predictive ability 
of CIs on OF development (POF or TOF) at admission. 
We present this work in accordance with the STROBE 
guideline checklist (available at http://dx.doi.org/10.21037/
atm-20-3095).

Methods

Cohort subjects

The study was approved by the Institutional Ethics 
Committee of Ruijin Hospital and was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). Written informed consent was obtained from each 
participant or their family members. This single-center, 
retrospective cohort study was conducted in the emergency 
department including the intensive care unit and medical 
ward of the Ruijin hospital which is a regional hospital 
in Shanghai. The clinical records of 670 AP patients 
presenting between September 2012 to April 2017 were 
evaluated (Figure S1). The exclusion criteria for patients 
were as follows: (I) age <18 or >80 years; (II) a history 
of chronic pancreatitis; (III) pregnancy or lactation; (IV) 
admitted >48 hours after the onset of abdominal pain; (V) 
illnesses known to increase CI (NT-proBNP, cTNI, CK-
MB) levels, including chronic heart disease, coronary artery 
disease, congestive cardiac failure, severe valvulopathy and/
or cardiomyopathy, chronic obstructive pulmonary disease, 
chronic renal failure, cancer, immune deficiency disease, 
diseases of the central nervous system (such as meningitis, 
brain abscess, cerebral hemorrhage), and hormonal or 
immunosuppressive medications within 3 months; (VI) a 
lack of complete CI level data.

Diagnosis 

According to the 2012 revised Atlanta guideline (2), the 
diagnosis of AP requires at least two of the following three 
features: (I) abdominal pain consistent with the disease; 
(II) serum lipase activity (or amylase activity) at least three 
times greater than the upper limit of normal levels; or (III) 
characteristic findings from abdominal imaging. 

The MMS system was used to evaluate the respiratory, 
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renal, and circulation variables. The type and duration of OF 
were also recorded. Mild AP (MAP) was characterized as a lack 
of either OF or local or systemic complications. MSAP was 
characterized as transient organ failure (<48 hours) or local or 
systemic complications, and SAP was characterized as POF 
(>48 hours). Etiologies including biliary (12), lipidemic (13), 
and alcoholic (14) pancreatitis were also determined. 

Data collection

General information including age, gender, duration 
since disease onset to admission, comorbidity (diabetes, 
hypertension), and substance abuse (tobacco and alcohol) 
were collected from the electronic medical records. The 
daily intake of alcohol did not meet the criteria of alcoholic 
pancreatitis (14). Serum level of CIs (NT-proBNP, cTNI, 
CK-MB) and inflammatory markers procalcitonin (PCT) 
and C-reactive protein (CRP) on admission were obtained 
from the central laboratory of Ruijin Hospital according 
to standard protocol. Information concerning multiple 
organ (lung, respiratory, circulatory) failure indicators at 
admission including the oxygenation index (OI), serum level 
of creatine, systemic arterial pressure, and mean arterial 
pressure, along with that concerning the organ support 
provided (mechanical ventilation, renal replacement therapy, 
vasoactive agent) was recorded. Several severity scoring 
systems including the Acute Physiology and Chronic 
Health Evaluation II (APACHE II), Sequential Organ 
Failure Assessment (SOFA), Bedside Index for Severity in 
Acute Pancreatitis (BISAP), and the Modified Computed 
Tomography Severity Index (MCTSI) were collected upon 
admission. Outcome indicators including the length of 
stay (in hospital), surgery, and in-hospital mortality were 
analyzed.

All patients received intensive management including 
controlled fluid resuscitation, support of organ function, 
and enteral nutrition by the same clinical team to reduce 
potential bias (15). 

Statistical analysis

All statistical tests were conducted using SAS v. 9.2 
(SAS Institute Inc., USA) and R project v. 3.5.2 (The R 
Foundation for Statistical Computing, Vienna, Austria. 
http://www.r-project.org). Nominal data are reported as 
frequency with percentage. Quantitative data are reported 
as mean and standard deviation (SD) or median, lower, and 
upper quartiles (Q1; Q3), depending on the normality of 

each variable’s distribution (as assessed with Shapiro-Wilk’s 
test). The contingency tables were analyzed with Pearson’s 
chi-squared test. In the case of three groups, the whole 
contingency table was analyzed first, and then the pairwise 
comparisons were performed using Pearson’s chi-squared 
test with Bonferroni correction. Due to the non-normal 
distribution of most quantitative variables, Kruskal-Wallis’s 
analysis of variance (with post-hoc comparisons using Siegel 
and Castellan method) was applied when the three groups 
were compared, while Mann-Whitney’s test was performed 
when two groups were compared. The optimal value 
of cutoff of related indicators was determined using the 
analysis of time-dependent receiver operating characteristic 
(ROC) curve. The univariate logistic regression and the 
backward stepwise (entry and removal probability were 
0.05 and 0.10 respectively) multivariate logistic regression 
models were fitted with SAP and OF being dependent 
variables respectively, and we calculated the odds ratio (OR) 
together with corresponding 95% confidence interval (CI). 
All analyses in this study were performed with two-sided P 
values at a 5% significance level. The regression modelling 
strategies (rms) package within R was applied to construct 
a nomogram model (Figures S2 and S3) on the basis of 
independent determinants identified in the multivariate 
logistic regression. The overall survival (OS) was estimated 
using the Kaplan-Meier method, and the log-rank test was 
applied to compare the survival difference between non-
SAP and SAP groups. The hazard ratio (HR) with 95% CI 
was estimated with a Cox proportional hazards model.

Results

Characteristic of patients

As shown in Table 1, 238 patients were enrolled and divided 
into the MAP (n=59), MSAP (n=123), and SAP (n=56) 
groups according to the 2012 Atlanta guideline (2). Among 
the three groups, there was no significant difference in 
baseline items including age, gender, duration from disease 
onset to admission, comorbidity including hypertension 
and diabetes, or substance abuse including tobacco and 
alcohol. The etiologies of AP including biliary, lipidemic, 
and alcoholic are also displayed. The oxygenation index and 
serum creatinine upon admission were significantly lower 
in the SAP group than in the MAP and MSAP groups, and 
the ratio of organ supports including mechanical ventilation 
and renal replacement therapy were also highest in the SAP 
group. The highest serum levels upon admission of the two 
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Table 1 characteristics of AP patients

Severity Mild AP Moderate SAP  SAP P value

Individual, No. 59 123 56

Age median, y. 52.3±16.3 47.7±14.9 50.1±15.3 0.155

Male (%) 35 (59.3) 77 (62.6) 44 (78.6) 0.058

Amylase (U/L) 1,034.5±1,115.4 971.6±952.2 1,358.9±1591.6 0.143

Time from onset to admission, No. (%) 0.096

24 hours 33 (55.9) 74 (60.2) 24 (42.9)

48 hours 26 (44.1) 49 (39.8) 32 (57.1)

Medical history, No. (%)

Hypertension 22 (37.3) 43 (35.0) 16 (28.6) 0.586

Diabetes 14 (23.7) 31 (25.2) 7 (12.5) 0.15

Substance abuse, No. (%)

Tobacco 43 (72.9) 81 (65.9) 30 (53.6) 0.089

Alcohol 17 (28.8) 40 (32.5) 24 (42.9) 0.249

Pathogenesis

Biliary 27 (45.8) 57 (46.3) 29 (51.8)

Lipidemic 10 (16.9) 45 (36.6) 22 (39.3)

Alcoholic 6 (10.2) 9 (7.3) 5 (8.9)

Other 16 (27.1) 12 (9.8) 0 (0.0)

OI on admission 249.6±130.2* 237.4±82.8* 187.6±71.1 0.002

MV, No. (%) 0 (0)* 0 (0)* 32 (57.1) <0.001

Creatine (μmol/L) 66.5±16.0* 68.7±29.1* 142.5±122.0 <0.001

RRT, No. (%) 0 (0.0)* 7 (5.7)* 19 (33.9) <0.001

SBP (mmHg) 129.5±16.3 134.6±18.4 134.5±20.9 0.19

MAP (mmHg) 92.9±11.2 97.8±12.7 97.6±15.1 0.05

Vasoactive drug, No. (%) 0 (0.0)* 1 (0.8)* 7 (12.5) <0.001

C-reactive protein (mg/L) 71.5±71.4*# 114.6±85.8* 182.9±88.8 <0.001

Procalcitonin (μg/L) 1.0±3.3* 1.5±3.3* 7.1±10.9 <0.001

APACHEII score 3.4±3.1*# 5.6±3.9* 12.2±5.9 <0.001

SOFA score 0.8±1.2*# 2.1±1.7* 5.5±2.7 <0.001

BISAP score 0.7±1.2*# 1.6±0.8* 2.7±1.0 <0.001

MCTSI score 1.7±1.2*# 4.1±1.9* 6.3±1.7 <0.001

Surgery, No. (%) 1 (1.7) *# 2 (1.6)* 13 (23.2) <0.001

Length of stay, d 16.6±14.7*# 28.5±19.2* 47.1±40.6 <0.001

Mortality, No. (%) 0 (0.0) 0 (0)* 13 (23.2)

*compared to SAP P<0.05; #compared to MSAP, P<0.05. TG, Triglyceride; OI, oxygenation index; MV, mechanical ventilation; RRT, renal 
replacement therapy; SBP, systemic blood pressure; MAP, mean arterial pressure; APACHEII, Acute Physiology and Chronic Health 
Evaluation II; SOFA, Sequential Organ Failure Assessment; BISAP, Bedside Index for Severity in Acute Pancreatitis; MCTSI, Modified 
Computed Tomography Severity Index; CTSI, CT severity index. 
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inflammatory markers, PCT and CRP, were in the SAP 
group. Several scoring systems related to severity including 
the APACHEII, SOFA, BISAP, and MCTSI increased 
with the severity of dose, and the same trends were also 
observed in prognosis indicators including the surgery ratio 
and length of stay. No patients died in the MAP or MSAP 
groups and mortality in the SAP group was 23.2%. All 
patients were followed up for 1 week following admission 
during which time the final diagnosis for severity and 
etiology were determined.
 

The level of CIs in the MAP, MSAP, and SAP groups 

Figure 1 shows that the level of NT-proBNP in the MAP 
(344.8±719 pg/mL) and MSAP (321.1±542.6 pg/mL) groups 
are slightly higher than normal levels (0–300 pg/mL),  
and are significantly lower than those in the SAP group 
(577.6±843.7 pg/mL). The levels of cTNI in the MAP 
(0.022±0.066 ng/mL) and MSAP (0.024±0.066 ng/mL) 
groups were in the normal range (0–0.04 ng/mL) and the 
level of cTNI in the SAP group (0.085±0.168 ng/mL) was 
significantly higher than the normal value. The levels of 
CK-MB in the MAP (1.025±1.481 ng/mL) and MSAP 
(1.455±1.479 ng/mL) groups were in the normal range 
(0.3–4 ng/mL), while the level of CK-MB in the SAP group 
(7.353±10.41 ng/mL) was significantly higher than normal. 
The levels of all three CIs were significantly higher in the 
SAP group than in the MAP and MSAP groups (P<0.05). 

The predictive power of CI for SAP occurrence 

As the levels of the three CIs upon admission were all shown 

to be higher in the SAP group than the normal level and in 
the MAP and MSAP groups, we regrouped the enrolled AP 
patients into two groups, a non-SAP and a SAP group, to 
evaluate the predictive power of CIs on the occurrence of 
SAP. The levels of CIs as well as inflammatory biomarkers 
(CRP and PCT) and several score systems (APACHE II, 
SOFA, BISAP, and MCTSI) were significantly higher in 
the SAP group than in the non-SAP group (Figure S4). 
Furthermore, a multiple logistic regression model (Table 2) 
showed that CK-MB, CRP, APACHEII, and SOFA were 
independent determinants for SAP. Patients with higher 
levels of CK-MB (OR =1.471, 95% CI: 1.169–1.850), CRP 
(OR =1.008, 95% CI: 1.002–1.014), and higher APACHEII 
(OR =1.137, 95% CI: 1.012–1.277), and SOFA (OR =2.075, 
95% CI: 1.535–2.805) scores were more likely to develop 
SAP. The ROC curve (Figure 2) indicated that CK-MB 
(AUC =0.805, CI: 0.794–0.905) had similar predictive 
accuracy as APACHEII (AUC =0.866, CI: 0.818–0.914) 
and SOFA (AUC =0.896, CI: 0.855–0.937), but showed 
significantly higher predictive accuracy than did CRP  
(AUC =0.734, CI: 0.664–0.803, P=0.0034). Survival analysis 
was performed between the SAP and non-SAP groups 
(Figure S5) and a statistically significant difference was 
observed (P<0.05).

Predictive effect of CI on the development of OF 

One of the key clinical problems related to SAP is predicting 
the development of organ dysfunction. When AP patients 
exhibit dysfunction of one or multiple organs (lung, kidney, 
circulatory) upon admission, it is vital to predict whether 
this will last beyond 48 hours or not, which is the rationale 
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behind the definition of MSAP or SAP according to the 
2012 Atlanta classification (2). Such prediction not only 
helps in the early identification of SAP cases with MMS 
≥2 upon admission, but also helps in avoiding aggressive 
treatment and consequent adverse events in MSAP cases with 
anticipated recovery of OF. With this in mind, 89 patients 
with dysfunction of one or more organs (MMS ≥2) were 
selected (Table S1) and divided into a TOF group (n=41, 
with transient failure of one or more organs, final diagnosis 
as MSAP) and a POF group (n=48, with persistent failure 
of one or more organs, final diagnosis as SAP) according to 
the duration of OF (beyond 48 hours or not). Compared 

to the TOF group, the POF group exhibited significantly 
higher levels of CIs and inflammatory biomarkers (CRP and 
PCT), along with higher scores on several indices (APACHE 
II, SOFA, BISAP, and MCTSI) (Figure S6). A multiple 
logistic regression model (Table 3) showed that CK-MB, 
BISAP, CRP, and MCTSI were independent determinants 
for the development of POF. The OF in those patients with 
higher CK-MB (OR =2.035, 95% CI: 1.099–3.768), BISAP 
(OR =4.149, 95% CI: 0.964–17.86), CRP (OR =1.023, 
95% CI: 1.008–1.038), and MCTSI (OR =2.234, 95% CI: 
1.245–4.008) were more likely to progress into POF. The 
ROC curve (Figure 3) showed that CK-MB (AUC =0.824, 

Table 2 Univariate and multivariate analysis of indicators predicted for SAP occurrence 

Variable Units β
Univariate analysis

β
Multivariate analysis

OR 95% CI P value OR 95% CI P value

NT-proBNP 10 0.0006 1.006 1.001–1.010 0.012 NI

cTNI 0.01 5.2507 1.054 1.016–1.094 0.0054 NI

CK-MB 1 0.5786 1.784 1.440–2.208 <0.001 0.3858 1.471 1.169–1.850 0.0010

APACHEII 1 0.3210 1.378 1.258–1.510 <0.001 0.1284 1.137 1.012–1.277 0.0305

BISAP 1 1.4716 4.356 2.731–6.949 <0.001 NI

CRP 10 0.0102 1.107 1.064–1.152 <0.001 0.0081 1.008 1.002–1.014 0.0070

PCT 1 0.1792 1.196 1.086–1.317 0.0003 NI

MCTSI 1 0.7659 2.151 1.694–2.732 <0.001 NI

SOFA 1 0.8293 2.292 1.828–2.873 <0.001 0.7301 2.075 1.535–2.805 <0.001

NT-proBNP, N-terminal pro-brain Natriuretic Peptide; cTNI, Cardiac Troponin I, CK-MB, Creatine kinase isoenzymes; APACHEII, acute 
physiology and chronic health evaluation II; BISAP, acute pancreatitis severity bedside index; CRP, C reactive protein; PCT, procalcitonin; 
MCTSI, modified computed tomogragh severity index; SOFA, sequential organ failure assessment
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CI: 0.740–0.909) had similar predictive accuracy as BISAP 
(AUC =0.766, CI: 0.679–0.854), CRP (AUC =0.695, CI: 
0.586–0.803), and MCTSI (AUC =0.763, CI: 0.676–0.849).

Discussion

We observed a significant differences in the serum levels 
of three widely used cardiac biomarkers, NT-proBNP, 
cTNI, and CK-MB, between SAP and non-SAP (MAP and 
MSAP) patients. The level of CK-MB showed a predictive 
ability of SAP occurrence while cTNI and pro-BNP did 

not. Specifically, CK-MB might be used as an independent 
determinant for POF and for distinguishing a certain group 
of SAP from MSAP patients who both present with OF 
(MMS ≥2) upon admission.

Several factors have been forwarded as the cause of 
cardiac injury in the early stage of SAP including the release 
of large amounts of inflammatory cytokines such as tumor 
necrosis factor-alpha, interleukin-1 beta, and endotoxin 
(16,17), in addition to ROS causing cardiomyocyte 
apoptosis via activating the MAPK pathway or NADPH 
oxidase hyperactivity (18), or interleukin-1 release (19). 

1.00

0.75

0.50

0.25

0.00

0.00 0.25 0.50 0.75 1.00

S
en

si
tiv

ity

1-Specificity

Indicators Sensitivity SpecificityCut−off95%ClAUC P

CK−MB 
CRP 
BISAP 
MCTSI 
TOTAL

CK−MB 

BISAP 

CRP 

MCTSI 

TOTAL
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Table 3 Univariate and multivariate analysis of factors predicted for POF

Variable Units
Univariate analysis Multivariate analysis

β OR 95% CI P value β OR 95% CI P value

BNP 10 0.0005 1.005 0.998–1.012 0.1369 NI

cTNI 0.01 4.0494 1.041 0.989–1.096 0.1217 NI

CK-MB 1 0.9936 2.701 1.636–4.459 0.0001 0.7103 2.035 1.099–3.768 0.0239

APACHEII 1 0.2576 1.294 1.145–1.463 <0.001 NI

BISAP 1 1.9237 6.846 2.711–17.29 <0.001 1.4229 4.149 0.964–17.86 0.0561

CRP 10 0.0130 1.139 1.057–1.226 0.0006 0.0228 1.023 1.008–1.038 0.0027

PCT 1 0.1110 1.117 1.003–1.244 0.0432 NI

MCTSI 1 0.7434 2.103 1.439–3.073 0.0001 0.8038 2.234 1.245–4.008 0.0070

SOFA 1 0.5738 1.780 1.348–2.352 <0.001 NI

NT-proBNP, N-terminal pro-brain natriuretic peptide; cTNI, cardiac troponin I, CK-MB, creatine kinase-MB; APACHEII, acute physiology 
and chronic health evaluation II; BISAP, acute pancreatitis severity bedside index; CRP, C-reactive protein; PCT, procalcitonin; MCTSI, 
modified computed tomography severity index; SOFA, sequential organ failure assessment; POF, persistent organ failure.

Figure 3 ROC curve of indicators for POF occurrence. Comparison of AUC between CK-MB and other indicators is shown in Table. 
ROC, receiver operating characteristic; CI, cardiac indicators; POF, persistent organ failure; CK-MB, creatine kinase myocardial band; 
BISAP, Acute Pancreatitis Severity Bedside Index; CRP, C-reactive protein; MCTSI, Modified Computed Tomography Severity Index; 
AUC, area under curve.
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Cardiac ischemic events caused by profound hypotension, 
coagulation abnormality, and coronary artery spasm (often 
induced by electrolyte alteration, such as hypomagnesemia) 
might play a subordinate role (20). Cardiac injury causes 
the release of typical cardiac biomarkers such as cTNI, CK-
MB, and NT-proBNP. Clinical studies also showed elevated 
cTNI (10), CK-MB (11) and BNP (21) in AP patients, 
although the results were not consistent. In this study, we 
showed that the levels of all three CIs were elevated beyond 
normal ranges within 48 hours after the onset of disease in 
SAP patients, but not in MAP and MSAP patients, which is 
partly consistent with the previous studies mentioned above. 
According to the 2012 Atlanta guideline (2), cardiovascular 
failure is defined as systolic blood pressure of less than  
90 mmHg and no response to fluid therapy according to 
MMS. However, this definition might not fully reflect 
cardiac dysfunction and other parameters such as decreased 
stroke volume and cardiac output (22). Cardiac biomarkers 
may thus be more useful tools for the direct evaluation of 
cardiac function. 

We chose a cohort of patients that were admitted within 
48 hours because of the uncertainty of a diagnosis of SAP 
upon admission based on the 2012 Atlanta guideline (2) 
which defines SAP as organ failure lasting for more than 48 
hours. This clinical issue needs to be resolved by exploring 
predictors of the need for intensive care. Multiple logistic 
regression indicated that an elevated level of CK-MB, 
but not of cTNI or BNP, could independently predict the 
occurrence of SAP. Prasada et al. (20) reported elevated 
serum CK-MB to be associated with AP severity, which is 
partly consistent with our results, but their enrolled patients 
were admitted within 7 days after the onset of disease. This 
might have led to a correlation rather than prediction of 
SAP as some of their enrolled patients had already been 
diagnosed with SAP. On the contrary, Barassi et al. (11) 
demonstrated no difference in CK-MB levels between an 
SAP group (n=15) and an MAP group (n=22) 1–3 days 
after the onset of disease, although this inconsistency with 
our results might be due to their relative small cohort size. 
We also conducted a multivariate logistic analysis and 
found that CK-MB, CRP, APACHEII, and SOFA could 
independently predict the occurrence of SAP. Our results 
are similar to those of a recent study (23) which showed that 
SOFA had a larger AUC than CRP for the prediction of in-
hospital mortality.

Aggressive treatment is required as soon as possible 
when SAP is confirmed but should be avoided for non-SAP 
patients because of its related adverse events. For patients 

with OF of one or more organs upon admission within 48 
hours of onset, it is usually difficult to judge if aggressive 
treatment should be given because it is difficult to ascertain 
whether OF will last beyond 48 hours (diagnosis of SAP) or 
not (diagnosis of MSAP). Therefore, there is an urgent need 
for predictive indicators to assist clinical judgement. The 
present study showed that CK-MB, as well as BISAP, CRP, 
and MCTSI could predict a lasting duration (>48 hours) of 
organ failure at admission. Of these indicators, CK-MB had 
the largest AUC (0.824) which was significantly higher than 
that of CRP. 

Several prognostic tools including scores and biomarkers 
have been proposed, including BISAP (24), APACHEII (25), 
SOFA (3), CRP (22), PCT (26), and MCTSI (27), but their 
predictive abilities have been inconsistent. A study group 
in Finland (28,29) attempted to solve this clinical issue 
by determining the predictive ability of a new biomarker, 
soluble CD73, but failed.

 To the best of our knowledge, very few studies have 
focused on the predictive effect of CI on AP severity and 
OF development. In this study, we re-evaluated three 
CIs representing cardiac failure and found that CK-MB 
could independently predict SAP occurrence and OF 
development. This result suggests cardiac injury might 
be an earlier event that precedes respiratory, renal, and 
circulatory injuries which are listed in the MMS system for 
the diagnosis of SAP. Overall, our research emphasizes that 
the predictive ability of the serum level of CK-MB warrants 
greater attention in the very early stage of AP.

Some limitations should be noted with this study. First, 
the sample size was small and the study was conducted in a 
single-center. In addition, as it is a retrospective study, we 
did not have data on the CI trend over multiple time points. 
CK-MB was reported to be mildly elevated on day 1 and 
normalized in day 3 in a cohort of SAP patients admitted 
within 7 days after disease onset. This may indicate that 
the peak level of CK-MB appears in the early stage of SAP 
and then decreases. In our study, we enrolled a cohort of 
patients who were admitted within 48 hours after disease 
onset. It is within this period that CK-MB levels might peak 
and thus exert their greatest predictive ability. 

Conclusions

Within 48 hours of disease onset, the serum level of CK-
MB might be used to predict the occurrence of SAP, 
more specifically, the development of persistent OF after 
admission.
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Supplementary

Figure S1 Study flowchart. AP, acute pancreatitis; MAP, mild acute pancreatitis; MSAP, moderate severe acute pancreatitis; SAP, severe 
acute pancreatitis; OF, organ failure; TOF, transient organ failure; POF, persistent organ failure.
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Figure S2 Nomogram for predicting SAP occurrence. CI, cardiac indicators; SAP, severe acute pancreatitis; CK-MB, creatine kinase 
myocardial band; SOFA, Sequential Organ Failure Assessment; CRP, C-reactive protein; APACHEII, Acute Physiology and Chronic Health 
Evaluation II.

Figure S3 Nomogram for predicting POF occurrence. CI, cardiac indicators; POF, persistent organ failure; CK-MB, creatine kinase 
myocardial band; BISAP, Acute Pancreatitis Severity Bedside Index; CRP, C-reactive protein; MCTSI, Modified Computed Tomography 
Severity Index.
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Figure S4 CI, inflammatory biomarkers, and scoring systems between the non-SAP and SAP groups. NT-proBNP, N-terminal pro-brain 
natriuretic peptide; cTNI, cardiac troponin I, CK-MB, creatine kinase myocardial band; APACHEII, Acute Physiology And Chronic Health 
Evaluation II; BISAP, Acute Pancreatitis Severity Bedside Index; CRP, C-reactive protein; PCT, procalcitonin; MCTSI, Modified Computed 
Tomography Severity Index; SOFA, Sequential Organ Failure Assessment; SAP, severe acute pancreatitis. *compared to SAP, P<0.05
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Figure S5 Kaplan-Meier curves for survival analysis of SAP and non-SAP groups. Patients in the non-SAP group enjoyed superior survival 
compared with those in the SAP group (HR=0.038, 95% CI: 0.005–0.294, P<0.001). SAP, severe acute pancreatitis; HR, hazard ratio; CI, 
confidential interval.
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Figure S6 CI, inflammatory biomarkers, and scoring systems between POF and TOF. CI, cardiac indicator; POF, persistent organ failure; 
TOF, transient organ failure; NT-proBNP, N-terminal pro-brain natriuretic peptide; cTNI, cardiac troponin I, CK-MB, creatine kinase 
myocardial band; APACHEII, Acute Physiology And Chronic Health Evaluation II; BISAP, Acute Pancreatitis Severity Bedside Index; 
CRP, C-reactive protein; PCT, procalcitonin; MCTSI, Modified Computed Tomography Severity Index; SOFA, Sequential Organ Failure 
Assessment. *compared to TOF P<0.05.
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Table S1 Summary of patient with organ failure on admission which then lasted <48 or >48 hours

In total Respiratory Renal Cardiovascular

OF on admission 89 84 30 8

OF <48 hours 41 39 8 2

OF >48 hours 48 45 22 6

OF, organ failure.
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