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Abstract 12 

Background: The present study aimed to investigate whether the ultra-early indicators can predict severity of 13 

acute hypertriglyceridemic pancreatitis (HTGP) and affect clinical decisions. 14 

Methods: We performed an observational retrospective study with data from 110 enrolled patients with HTGP 15 

from January 2017 to February 2020. According to the final clinical outcome, HTGP patients were divided into 16 

MAP group and MSAP-SAP group. Demographic and clinical data were collected, and ultra-early indicators (serum 17 

calcium, TG, IL-6, D-dimer, HbAc1, arterial lactate) levels were measured within 6 h of admission. A multivariate 18 

logistic regression analysis model and receiver operating characteristic curve were adopted to evaluate the value 19 

of ultra-early indicators for identifying high-risk patients. The chi-square test method was used to estimate the time 20 

of hospitalization and complications in MSAP-SAP group after plasma exchange within or more than 24 hours. 21 

Results: Of the 110 HTGP patients, a total of 56 patients with mild AP and 54 MSAP-SAP HTGP patients 22 

included. TG, IL-6, D-dimer, HbAc1, and arterial lactate levels which measured within 6 h after admission were 23 

significantly higher in the MSAP-SAP group, but serum calcium was significantly lower, versus the mild AP 24 

group. IL-6, D-dimer, and serum calcium were found to be risk factors for MSAP-SAP and could ultra-early 25 

predict HTGP severity, particularly within 6 hours of admission. We found that patients of MSAP-SAP treated 26 

with Blood purification within 24 hours of admission have shorter hospital stay time than over 24 hours of 27 

admission.  28 

Conclusion: Ultra-early indicators of IL-6, D-dimer, and serum calcium may be useful biomarkers for assessing 29 

AP severity in HTGP patients within 6 hours. Early blood purification therapy should be taken for MSAP-SAP 30 

patients within 24 hours, because fewer patients could suffer from complications and more patients had shorter 31 

hospital stay time. While traditional treatment could be implemented for MAP patients to reduce medical expenses 32 

and still obtain good therapeutic effect. 33 
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 35 

Background 36 

Acute pancreatitis is one of the common acute abdominal diseases requiring emergency admission worldwide, 37 

with a high mortality rate of 5%-10%, of which the mortality rate of severe pancreatitis is as high as 30%-50%[1-38 

3]. In recent years, with the change of people's diet and lifestyle, hyperlipidemic acute pancreatitis (HTGP) has 39 

surpassed alcoholic pancreatitis and has become the second leading cause of acute pancreatitis in China[4]. 40 

The incidence of HTGP is increasing year by year. Compared with other types of AP, HTGP patients have the 41 

characteristics of severe clinical symptoms, easy recurrence, and poor prognosis. The mortality of severe HTGP 42 

was significantly higher than that of severe biliary pancreatitis[5, 6]. Hypertriglyceridemia is the main risk factor 43 

for HTGP. Triglycerides are decomposed into a large amount of free fatty acids, which exceed the binding 44 

capacity of albumin and produce toxicity to cell membranes through lipid peroxidation. Eventually damage acinar 45 

cells and capillary endothelial cells[7]. Moreover, hypertriglyceridemia can make blood in hypercoagulable state 46 

and induce pancreatic microcirculation disturbance[8]. Reducing blood lipid is the key treatment for 47 

hyperlipidemic pancreatitis. For non-severe patients, targeted lipidemia-lowering and general therapy which 48 

including fasting, low molecular weight heparin and insulin could reducing blood lipid and get well. For severe 49 



patients, drug therapy alone is far from achieving the goal of rapidly reducing blood lipid. Early application of 50 

blood purification to rapidly reduce blood lipid level has been recognized during the treatment of severe 51 

pancreatitis. So, the ability to identify high-risk patients at the early stage of the disease is crucial because it can 52 

help clinicians to formulate more effective management or quickly transfer patients to expert care to improve 53 

clinical prognosis. Methods of risk stratification and severity prediction at the early stage of AP have been 54 

developed for decades, including some clinical scoring systems and laboratory parameters. Previous studies 55 

have found many indicators that can predict the severity of acute pancreatitis, including D dimer[9], serum 56 

calcium[10], IL-6[11, 12], arterial lactate[13], C-reactive protein(CRP), red cell distribution width(RDW)[14, 15], 57 

MCTSI[16], TG[5], and other indicators. However, these indicators are often detected within 24-48 hours after 58 

admission. For patients with potentially severe pancreatitis, the best opportunity for blood purification treatment 59 

is often missed, which may prolong hospitalization time and increase medical expenses. Identifying the severe 60 

form early is one of the major challenges in managing severe acute pancreatitis. Numerous studies have 61 

investigated the differences in clinical characteristics between HTGP and non-HTGP[13, 17]. However, to date, 62 

only few studies have assessed the ultra-early risk factors of HTGP. Our research collected blood samples and 63 

tested them within 6 hours after the patients are admitted to hospital. In the present study, data from patients 64 

with HTGP obtained within 6 h of admission were analyzed to characterize the early risk factors of HTGP and 65 

provide novel approaches for its prevention and treatment. Early evaluation of HTGP can determine whether to 66 

implement blood purification and drug lipid-lowering therapy as soon as possible. This will be beneficial to the 67 

recovery of the patient's condition and save medical expenses when blood purification therapy is not needed. 68 

 69 

Methods 70 

Study population and study design 71 

The complete case data for a total of 110 patients with HTGP, who were admitted to the Second Affiliated 72 

Hospital，Fujian Medical University， (Quanzhou, China) between January 2017 to February 2020, were 73 

retrospectively analyzed. The present study was approved by the Ethics Committee of the Second Affiliated 74 

Hospital，Fujian Medical University and all patients provided written informed consent. The inclusion criteria were 75 

as follows: i) Patients who meet the diagnostic criteria for AP. AP was diagnosed based on 2 of the following factors 76 

(determined≧ 3 times); abdominal pain; increased serum amylase and/or lipase; and abdominal imaging 77 

examination in line with imaging changes typical for AP. ii) The serum TG level was ≥ 11.3 mmol/L at the onset of 78 

the disease. Or TG is between 5.65 and 11.3 mmol/L, excluding AP caused by other causes such as cholelithiasis 79 

and alcoholism. iii) Patients who underwent abdominal enhanced computed tomography (CT) imaging within 72 h 80 

of admission. Patients with alcoholic AP, post-ERCP pancreatitis, chronic pancreatitis, and chronic renal 81 

dysfunction were excluded[18, 19]. The classification of acute pancreatitis is well recognized according to the latest 82 

2012 revision of the Atlanta classification as follows: i) MAP: It meets the diagnostic criteria of AP and is not 83 

accompanied by organ failure and local or systemic complications; ii) MSAP: accompanied by transient organ 84 

failure (recovery within 48 hours), or accompanied by local or systemic complications; iii) SAP: with persistent 85 

organ failure (> 48h), modified Marshall score ≥ 2.  86 

Initially, all enrolled patients received targeted lipidemia-lowering and general therapy, including fasting, low 87 

molecular weight heparin and insulin reducing blood lipid, gastrointestinal decompression, fluid resuscitation, 88 

nutritional therapy, organ function maintenance, preventive usage of antibiotics against gram-negative bacilli and 89 

Traditional Chinese Medicine approaches, taking raw rhubarb, in order to restore gastrointestinal tract dynamics 90 

and treat the pancreatitis. Blood purification therapy include plasma exchange and hemofiltration were carried 91 

out for patients with severe tendency after admission evaluation. According to the final clinical outcome, HTGP 92 

patients were divided into MAP group and MSAP-SAP group. Demographic and clinical data were collected, and 93 

ultra-early indicators (serum calcium, TG, IL-6, D-dimer, HbAc1, arterial lactate) levels were measured within 6 h 94 

of admission. A multivariate logistic regression analysis model and receiver operating characteristic curve were 95 

adopted to evaluate the value of ultra-early indicators for identifying high-risk patients. The chi-square test 96 

method was used to estimate the time of hospitalization and complications in MSAP-SAP group after plasma 97 

exchange within or more than 24 hours. 98 



Data collection 99 

For each patient, age, sex, body mass index (BMI), medical history, admission data, and length of stay were 100 

collected as baseline demographic data. Moreover, we collected vital signs of all patients on admission and 101 

important laboratory tests, radiological data, and clinical outcomes after hospitalization. Within 6h of admission, 102 

the following laboratory parameters were determined: TG, IL-6, D-dimer, HbAc1, and arterial lactate levels. 103 

Enhanced CT was performed to determine the necrotic tissue extent and the fluid locus. The modified Marshall 104 

score was used to evaluate the severity of acute pancreatitis. 105 

 106 

Statistical methods 107 

IBM Statistical Package for Social Sciences (SPSS) software version 20.0 (Chicago, USA) was used to perform 108 

the statistical analyses. The results are presented as percentages (%) or means ± SD. Comparisons were 109 

performed using Student’s t test and Mann-Whitney U test for two groups of independent samples. Categorical 110 

data are presented as n (%) prevalence, and between-group differences were assessed using χ2-test, or Fisher’s 111 

exact test, as appropriate. Logistic regression analyses were performed to predict risk factors with categorical 112 

dependent variables. Differences were statistically significant at P< 0.05. The area under the receiver operating 113 

characteristic (ROC) curve (AUC) was determined to evaluate the performance of the predictive model. The AUC 114 

ranged from 0-1, and a variable with an AUC of >0.7 was considered useful, while an AUC between 0.8 and 0.9 115 

was considered to indicate excellent diagnostic accuracy. 116 

 117 

Results 118 

Demographic and clinical characteristics of the study population 119 

Of the 110 patients with HTGP, 56 patients were classified with mild AP, and 54 patients were classified with 120 

moderately severe and severe AP (MSAP-SAP). Age of onset in the mild AP group was higher (44.3±4.1 versus 121 

33.6±4.9 years) but the incidence of type 2 diabetes mellitus disease was lower (32 versus 43 patients) 122 

compared with the MSAP-SAP group (P＜0.05). There was no statistical difference between the sex of the 123 

patients (P＞0.05). Patients in MAP group had lower BMI than patients in SAP group (P＜0.05). As shown in 124 

Table 1.  125 

The following were significantly higher in the MSAP-SAP group versus MAP group (Table 2): Triglyceride 126 

(17.10±5.06 versus 13.94±2.37 mmol/l), IL-6 (32.61±5.09 versus 25.26±4.29 pg/ml), CRP (42.51±14.21 versus 127 

37.42±15.99 mg/l), HbA1c (6.7±0.6 versus 6.2±0.6 %), Arterial lactate (1.82±0.45 versus 1.47±0.36 mmol/l). 128 

Serum calcium was significantly lower in MSAP-SAP group versus MAP group (2.01±0.13 versus 2.29±0.21 129 

mmol/l). No statistically significant difference was found between patients with MAP or MSAP-SAP patients in 130 

terms of C-reactive protein. 131 

 132 

Summary of indictors for predicting severity in HTGP 133 

We summarized the sensitivity, specificity, and AUC results in predicting severity in HTGP in Figure 1. Some 134 

parameters were highly accurate in predicting severity in HTGP. For predicting MSAP-SAP, IL-6≥27.4 pg/ml had 135 

the highest accuracy, with a relatively highest sensitivity of 87% and had the high specificity of 73%, the area under 136 

the curve for IL-6 levels was 0.86. D-dimer ≥2.65 mg/l had the sensitivity of 63% and had the highest specificity of 137 

94% in predicting severity, the area under the curve for serum D-dimer levels was 0.82. Arterial lactate≥1.69 138 

mmol/L had the lower sensitivity of 57% and had the specificity of 79% in predicting severity, with an AUC of 0.73. 139 

And serum calcium＜2.14 mmol/l had the sensitivity of 72% and specificity of 70%, with an AUC of 0.77 (Table 3). 140 

 141 

Admission IL-6, D-dimer, Serum calcium level as independent prognostic factors for MSAP-SAP 142 

To further evaluate the relationship between admission indicators and MSAP-SAP, we constructed a multivariate 143 

logistic regression analysis model consisting of four parameters (IL-6, D-dimer, Arterial lactate, Serum calcium) 144 

within 6h of admission. In the multivariate logistic regression model, IL-6, D-dimer, and Serum calcium were 145 

independent risk factors for AP. Odds ratio (OR) respectively listed in Table 4. When D-dimer ≥2.65 mg/l, IL-6≥27.4 146 

pg/ml, or serum calcium＜2.14 mmol/l, the risk of HTGP transforming to severe state was greatly increased. 147 



Therefore, we combined the three independent risk factors to predict the severity of HTGP and found that the 148 

combination of the three indicators could further improve the prediction accuracy, with an AUC of 0.88 (Figure 2). 149 

 150 

Early blood purification therapy could improve clinical outcomes in MSAP-SAP patients 151 

For HTGP patients with severe tendency, early blood purification therapy within 24 hours after admission could 152 

shorten the hospitalization time. We observed 50 patients of SAP with higher level clinical indicators (D-dimer 153 

≥2.35 mg/L or IL-6≥27.4 pg/ml) at admission and found that 28 patients received early blood purification therapy 154 

within 24h. The other 22 patients delayed blood purification therapy. The results in Table 5 show that patients 155 

received early blood purification therapy had shorter time of hospitalization and fewer complications than delayed 156 

treatment. However, for MAP patients, the traditional lipidemia-lowering treatment scheme could obtain better 157 

therapeutic effect, while blood purification treatment could not shorten hospitalization time, but greatly increased 158 

medical expenses. 159 

 160 

Discussion 161 

The incidence of HTGP has been on the rise in recent years and often leads to more serious clinical processes. 162 

HTGP mostly occurs in young people, especially obese, alcoholic, and diabetic patients. Hypertriglyceridemia is 163 

the main risk factor for HTGP. Studies have shown that HTGP patients are prone to persistent organ failure, and 164 

the incidence of complications and mortality are significantly higher than those of AP caused by other causes. 165 

Therefore, it is necessary to reduce the serum triglyceride to below 5.65 mmol/L as soon as possible at the initial 166 

stage of the disease, interrupting the vicious circle between triglyceride and inflammation, so as to reduce the 167 

severity of the disease and improve the prognosis. Heparin and insulin have synergistic effect of reducing serum 168 

triglyceride. The combined effect of heparin and insulin on HTGP has been clinically recognized and can be used 169 

for first-line treatment of severe HTGP[20, 21]. Blood purification, including plasma exchange and hemofiltration, 170 

can be used to treat HTGP. A recent systematic review shows that the serum triglyceride of most HTGP patients 171 

decreases significantly after plasma exchange, accompanied by improvement of clinical symptoms or laboratory 172 

indicators, but cannot reduce the mortality of patients[22]. Moreover, it is not superior in terms of clinical outcomes 173 

and costs. There are some research deviations in these conclusions. For example, the patients in the group are 174 

not graded for severity, which cannot reflect the advantages of blood purification therapy for severe patients and 175 

whether blood purification therapy is necessary for non-severe patients. On the other hand, the time of plasma 176 

exchange might be the critical point. If severe patients with HTGP can receive plasma exchange as soon as 177 

possible, better result may be predicted[23].      178 

Our research has two main findings. First, we found that in the ultra-early stage of HTGP, we can still find 179 

indicators that can better predict the severity of pancreatitis. This will help to evaluate the progress of the 180 

disease as soon as possible and actively take targeted treatment measures. Effective intervention can be carried 181 

out in the early stage of HTGP to achieve the goal of timely control of disease development. We found that ultra-182 

early indicators of IL-6, D-dimer may be useful biomarkers for assessing AP severity in patients with HTGP, so 183 

that patients with HTGP with severe tendency can be identified earlier using these indicators. Then early 184 

intervention can be given, which is conducive to the rehabilitation of patients. Second, we found that in patients 185 

finally diagnosed with MSAP-SAP, blood purification therapy within 24 hours of admission can shorten the 186 

hospitalization time. This shows that early blood purification therapy to reduce blood lipid level and eliminate 187 

inflammatory factors can block the progress of pancreatitis and is conducive to the recovery of the disease. 188 

Considering the high medical cost of blood purification therapy and the potential risk of blood-borne infection, our 189 

research found that for patients finally diagnosed with MAP, the conventional treatment scheme can still obtain 190 

good therapeutic effect, while the blood purification method will prolong the hospitalization time. Therefore, early 191 

assessment after admission is especially important, and we can preliminarily judge the outcome of the disease 192 

through indicative indicators. For patients with severe manifestations, blood purification therapy should be 193 

implemented as soon as possible, while for patients without obvious severe manifestations, traditional treatment 194 

schemes can be implemented, thus reducing medical expenses and hospitalization time. 195 

Our study is clearly limited in several aspects. this is a retrospective study, which is potentially prone to 196 



selection bias. To minimize the possibility of selection bias, we adopted strict inclusion criteria and expanded the 197 

sample size as much as possible. Despite these limitations, this retrospective study can provide effective 198 

information on treatment strategies. We are currently conducting a prospective cohort study to obtain more 199 

accurate data to support our view. 200 

Conclusion 201 

Our results indicate that early detection of IL-6, D dimer and blood calcium concentration may predict the 202 

development of pancreatitis after admission of patients with HTGP, thus different effective treatment schemes 203 

can be implemented in the early stage, which can not only accelerate the recovery of pancreatitis, but also 204 

reduce medical expenses. 205 

 206 

Acknowledgments 207 

Not applicable. 208 

Authors’ contributions 209 

JW and TYF conceived the study; YZL, XTT, ZLR, CWL, and PXP participated in the study design; JW collected 210 

the data; YZL, XTT and ZLR performed the statistical analyses; JW and CWL drafted the manuscript; PXP edited 211 

and checked the manuscript. The authors have read and approved the final manuscript. 212 

Funding 213 

No funding was received. 214 

Availability of data and materials 215 

The analyzed data sets generated during the present study are available from the corresponding author on 216 

reasonable request. 217 

Ethical approval and consent to participate 218 

The present study was approved by the ethical review committee of the Second Affiliated Hospital，Fujian 219 

Medical University (Quanzhou, China). 220 

Patient consent for publication 221 

Not applicable. 222 

 223 

Competing interests 224 

The authors declare that they have no competing interests. 225 

References 226 

 227 

1. Medich DS, Lee TK, Melhem MF, Rowe MI, Schraut WH, Lee KK: Pathogenesis of pancreatic sepsis. Am. J. Surg. 1993, 165:46-50; 228 

discussion 51-52. 229 

2. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, Tsiotos GG, Vege SS, Acute Pancreatitis Classification Working 230 

Group: Classification of acute pancreatitis--2012: revision of the Atlanta classification and definitions by international consensus. 231 

Gut 2013, 62:102-111. 232 

3. Forsmark CE, Vege SS, Wilcox CM: Acute Pancreatitis. N. Engl. J. Med. 2016, 375:1972-1981. 233 

4. Zhu Y, Pan X, Zeng H, He W, Xia L, Liu P, Zhu Y, Chen Y, Lv N: A Study on the Etiology, Severity, and Mortality of 3260 Patients 234 

With Acute Pancreatitis According to the Revised Atlanta Classification in Jiangxi, China Over an 8-Year Period. Pancreas 2017, 235 

46:504-509. 236 

5. Nawaz H, Koutroumpakis E, Easler J, Slivka A, Whitcomb DC, Singh VP, Yadav D, Papachristou GI: Elevated serum triglycerides are 237 

independently associated with persistent organ failure in acute pancreatitis. Am. J. Gastroenterol. 2015, 110:1497-1503. 238 

6. Sue LY, Batech M, Yadav D, Pandol SJ, Blumentals WA, von Krusenstiern LS, Chen W, Wu BU: Effect of Serum Triglycerides on 239 

Clinical Outcomes in Acute Pancreatitis: Findings From a Regional Integrated Health Care System. Pancreas 2017, 46:874-879. 240 

7. Havel RJ: Pathogenesis, differentiation and management of hypertriglyceridemia. Advances in internal medicine 1969, 15:117-154. 241 

8. Valdivielso P, Ramírez-Bueno A, Ewald N: Current knowledge of hypertriglyceridemic pancreatitis. Eur. J. Intern. Med. 2014, 25:689-242 

694. 243 

9. Wan J, Yang X, He W, Zhu Y, Zhu Y, Zeng H, Liu P, Xia L, Lu N: Serum D-dimer levels at admission for prediction of outcomes in 244 



acute pancreatitis. BMC Gastroenterol 2019, 19:67. 245 

10. Peng T, Peng X, Huang M, Cui J, Zhang Y, Wu H, Wang C: Serum calcium as an indicator of persistent organ failure in acute 246 

pancreatitis. Am J Emerg Med 2017, 35:978-982. 247 

11. Li N, Wang BM, Cai S, Liu PL: The Role of Serum High Mobility Group Box 1 and Interleukin-6 Levels in Acute Pancreatitis: A 248 

Meta-Analysis. J. Cell. Biochem. 2018, 119:616-624. 249 

12. Kolber W, Dumnicka P, Maraj M, Kuśnierz-Cabala B, Ceranowicz P, Pędziwiatr M, Maziarz B, Mazur-Laskowska M, Kuźniewski M, 250 

Sporek M, Walocha J: Does the Automatic Measurement of Interleukin 6 Allow for Prediction of Complications during the First 48 251 

h of Acute Pancreatitis. Int J Mol Sci 2018, 19. 252 

13. Shu W, Wan J, Chen J, He W, Zhu Y, Zeng H, Liu P, Zhu Y, Xia L, Lu N: Initially elevated arterial lactate as an independent predictor 253 

of poor outcomes in severe acute pancreatitis. BMC Gastroenterol 2020, 20:116. 254 

14. Yao J, Lv G: Association between red cell distribution width and acute pancreatitis: a cross-sectional study. BMJ Open 2014, 255 

4:e004721. 256 

15. Zhang FX, Li ZL, Zhang ZD, Ma XC: Prognostic value of red blood cell distribution width for severe acute pancreatitis. World J. 257 

Gastroenterol. 2019, 25:4739-4748. 258 

16. Yang L, Liu J, Xing Y, Du L, Chen J, Liu X, Hao J: Comparison of BISAP, Ranson, MCTSI, and APACHE II in Predicting Severity 259 

and Prognoses of Hyperlipidemic Acute Pancreatitis in Chinese Patients. Gastroenterol Res Pract 2016, 2016:1834256. 260 

17. Cao X, Wang HM, Du H, Chen EX, Yang XF, Wang SL, Ding Y, She ZF: Early predictors of hyperlipidemic acute pancreatitis. Exp 261 

Ther Med 2018, 16:4232-4238. 262 

18. Cameron JL, Crisler C, Margolis S, DeMeester TR, Zuidema GD: Acute pancreatitis with hyperlipemia. Surgery 1971, 70:53-61. 263 

19. Fortson MR, Freedman SN, Webster PD 3rd: Clinical assessment of hyperlipidemic pancreatitis. Am. J. Gastroenterol. 1995, 90:2134-264 

2139. 265 

20. Scherer J, Singh VP, Pitchumoni CS, Yadav D: Issues in hypertriglyceridemic pancreatitis: an update. J. Clin. Gastroenterol. 2014, 266 

48:195-203. 267 

21. Lu XS, Qiu F, Li YX, Li JQ, Fan QQ, Zhou RG: Effect of lower-molecular weight heparin in the prevention of pancreatic 268 

encephalopathy in the patient with severe acute pancreatitis. Pancreas 2010, 39:516-519. 269 

22. Carr RA, Rejowski BJ, Cote GA, Pitt HA, Zyromski NJ: Systematic review of hypertriglyceridemia-induced acute pancreatitis: A 270 

more virulent etiology. Pancreatology 2016, 16:469-476. 271 

23. Joglekar K, Brannick B, Kadaria D, Sodhi A: Therapeutic plasmapheresis for hypertriglyceridemia-associated acute pancreatitis: 272 

case series and review of the literature. Ther Adv Endocrinol Metab 2017, 8:59-65. 273 

 274 

 275 



Figures

Figure 1

ROC curve for blood parameters to predict the MSAP-SAP in HTGP within 6h after admission.



Figure 2

Figure 2. ROC curve for combined diagnosis to predict the MSAP SAP in HTGP within 6h after admission.
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