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I N TRODUC TION

Accidental hypothermia is defined as a condition in which 
a person's core body temperature unintentionally decreases 
below 35°C.1 This can result from exposure to a cold envi-
ronment or various underlying medical conditions, such as 
central nervous system failure, metabolic failure, endocrine 
failure, and exposure to toxins.2 The mortality rate of pa-
tients with accidental hypothermia has been reported to be 

as high as 24% based on nationwide Japanese data.3 In pa-
tients with accidental hypothermia, physiological changes 
throughout the body and reperfusion following rewarming 
can lead to various complications, including arrhythmias, 
coagulopathies, electrolyte disorders, and pancreatitis.1

Although the occurrence of acute pancreatitis in patients 
with accidental hypothermia has been reported for a consid-
erable time,4,5 a comprehensive understanding of its epide-
miology, underlying mechanisms, and associated risk factors 
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Abstract
Aim: Hypothermia- associated pancreatitis lacks comprehensive understanding 
owing to limited studies exploring its mechanism, epidemiology, risk factors, and 
outcomes. We aimed to investigate the frequency, characteristics, and predictive 
factors associated with the development of acute pancreatitis in patients with 
accidental hypothermia.
Methods: This study comprised a post hoc analysis of data from a multicenter 
prospective observational study (ICE- CRASH study) conducted in 36 tertiary 
emergency hospitals in Japan. Patients aged ≥18 years with core body temperatures 
≤32°C admitted to emergency departments between 2019 and 2022 were enrolled. 
We identified patients who developed acute pancreatitis within 1 week of admission 
and described their characteristics. Age, vital signs, and blood gas analysis data 
were analyzed as potential predictors of acute pancreatitis using receiver operating 
characteristic (ROC) curve analysis.
Results: Of 421 eligible patients with accidental hypothermia, 16 (3.8%) developed 
acute pancreatitis within 1 week. The age distribution of patients with acute 
pancreatitis showed bimodal peaks around 50–80 years. Patients with acute 
pancreatitis had a higher proportion of alcohol consumption than those without 
acute pancreatitis. ROC curve analysis showed age and pH as significant factors; 
however, their predictive power was not high.
Conclusion: The incidence of acute pancreatitis was 3.8% in patients with accidental 
hypothermia with core body temperatures ≤32°C. An association was found between 
the development of acute pancreatitis and alcohol consumption. No strong predictors 
of acute pancreatitis were identified.
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remains lacking. Some researchers argue that hypothermia- 
associated acute pancreatitis may be a misconception, sug-
gesting instead that hypothermia is a consequence, rather 
than a cause, of acute pancreatitis.6,7 Regardless of a causal 
relationship, accurate risk prediction, early detection, and 
prompt initiation of treatment for acute pancreatitis are cru-
cial for appropriate intensive care management of patients 
with accidental hypothermia.

In this study, we conducted a post hoc analysis of a 
multicenter prospective observational study in Japan to 
investigate the prevalence and characteristics of acute 
pancreatitis in patients with accidental hypothermia. 
Additionally, we examined whether any predictive factors 
for acute pancreatitis could be identified at the time of ini-
tial treatment.

M ATER I A L S A N D M ETHODS

Study design and ethics approval

This was a post hoc analysis of the Intensive Care with 
Extracorporeal membrane oxygenation Rewarming in 
Accidentally Severe Hypothermia (ICE- CRASH) study,8,9 
a multicenter prospective observational study that inves-
tigated patients with accidental hypothermia. The ICE- 
CRASH study was conducted at 36 tertiary care centers in 
Japan, and data were prospectively collected from December 
2019 to March 2022. The protocol for the ICE- CRASH 
study was registered at the University Hospital Medical 
Information Network Clinical Trial Registry (UMIN reg-
istry No. 00036132) and was approved by the institutional 
review boards of Asahikawa Medical University (approval 
No. 18194, date: August 2, 2019) and all relevant institu-
tions. This study was conducted in compliance with the 
Declaration of Helsinki.

Enrollment of patients in the ICE- CRASH study

The ICE- CRASH study enrolled consecutive patients with 
accidental hypothermia aged ≥18 years whose core body 
temperatures fell below 32°C upon emergency department 
(ED) arrival. Patients with cardiac arrest upon arrival for 
whom cardiopulmonary resuscitation was not attempted 
were excluded from the ICE- CRASH study. Data were pro-
spectively collected using an electronic data- capture sys-
tem. The following data were recorded: age, sex, activities 
of daily living, the location where the patient was found by 
the emergency medical service, causes of accidental hypo-
thermia, alcohol consumption underlying accidental hypo-
thermia, vital signs including core body temperature on ED 
arrival, initial blood gas analysis, initial laboratory data, 
Sequential Organ Failure Assessment (SOFA) score,10 infor-
mation on acute pancreatitis, in- hospital death, and 28- day 
survival outcomes.

Patient selection

In this study, we excluded patients who either did not achieve 
a return of spontaneous circulation after experiencing car-
diac arrest before admission or were resuscitated but died 
within 24 h of admission, as these patients were unlikely to 
have had the chance to undergo a diagnostic evaluation for 
acute pancreatitis.

Outcome and definitions

The primary outcome of the study was the development of 
acute pancreatitis within 1 week of admission, including 
cases where patients presented with acute pancreatitis upon 
admission. Eligible patients were divided into two groups: 
those who developed acute pancreatitis (AP group) and 
those who did not (control group). Acute pancreatitis was 
diagnosed when at least two of the following criteria were 
met11: (1) acute abdominal pain and tenderness in the upper 
abdomen; (2) elevated pancreatic enzyme levels in the blood, 
urine, or ascitic fluid; and (3) abnormal imaging findings in 
the pancreas indicative of acute pancreatitis. Alcohol con-
sumption was defined as alcohol intake prior to the hypo-
thermic event without regard to regular drinking habits. 
Patients were then categorized into alcoholic and nonalco-
holic subgroups according to this definition.

Statistical analyses

All variables are expressed as medians with interquartile 
ranges (IQRs) or percentages. Missing values were excluded 
from the analysis. The predictive ability of initial vital signs 
and blood gas analysis data for the development of acute 
pancreatitis was assessed using the area under the receiver 
operating characteristic (ROC) curve (AUC). Optimal cut-
off points were determined from the ROC curves using the 
Youden index. Sensitivity, specificity, positive and negative 
predictive values, and positive and negative likelihood ra-
tios were calculated at these cutoff points. To eliminate the 
influence of alcohol consumption on pancreatitis, analyses 
were performed on the nonalcoholic subgroup. All statistical 
analyses were performed using R software version 4.1.2. (R 
Foundation for Statistical Computing, Vienna, Austria).

R E SU LTS

Patient characteristics, acute pancreatitis, and 
prognosis

Of the 441 patients enrolled in the ICE- CRASH study, 20 
were excluded, and the data of 421 eligible patients were 
analyzed (Figure  1). Table  1 summarizes the demographic 
and clinical characteristics of the eligible patients. The 
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median core body temperature at admission was 28.5°C 
(IQR, 27.1–30.2), and the 28- day mortality rate was 20.2%. 
A total of 16 (3.8%) developed acute pancreatitis within 
1 week of admission. When divided according to alcohol 
consumption, the incidence of acute pancreatitis was 2.0% 
(6/302) in the nonalcoholic subgroup and 10.0% (5/50) in the 
alcoholic subgroup. Table 1 shows a comparison between the 
AP and control groups. Compared with the control group, 
the AP group exhibited a younger median age, a higher 
proportion of patients who consumed alcohol, and a lower 
pH. The AP group also demonstrated higher SOFA scores 
and increased mortality.

Patients with acute pancreatitis

A summary of the acute pancreatitis cases in this study is 
presented in Table 2. The age distribution of patients with 
acute pancreatitis showed bimodal peaks, with one peak 
around 50–60 years and another around 80 years. Alcohol 
consumption was more prevalent among the younger group. 
In most cases, the initial core body temperature upon ED 
arrival was below 30°C. Many patients had elevated serum 
amylase and serum lipase levels at admission.

Predictive factors for acute pancreatitis 
development

Table  3 shows the AUCs of age, vital signs, and blood gas 
analysis data in predicting acute pancreatitis development 
based on the first measurements taken in the ED. Age 
and pH were statistically significant prognostic factors, 
with AUCs of 0.684 and 0.656, respectively. The ROC 
curves for each variable are shown in Figure  2. Cutoff 
values derived from the Youden index and their predictive 
accuracies are shown in Table  4. Notably, age and systolic 
blood pressure demonstrated high sensitivity, suggesting 
that patients older than 83 years or with a systolic blood 
pressure above 133 mmHg are less likely to have or develop 

acute pancreatitis. We conducted the same analysis in the 
nonalcoholic subgroup to minimize the impact of alcohol on 
pancreatitis; however, with only six cases of acute pancreatitis 
in this subgroup, the event count was insufficient for reliable 
ROC curve estimates.12 For reference, analysis results for the 
nonalcoholic subgroup are presented in Tables  S1 and S2, 
and Figure  S1, indicating that core body temperature and 
Glasgow Coma Scale were significant factors, with AUCs of 
0.723 and 0.728, respectively.

DISCUSSION

To the best of our knowledge, this is the first multicenter 
prospective observational study to investigate accidental hy-
pothermia. The incidence of acute pancreatitis was 3.8% in 
all patients, increasing to 10.0% in the alcoholic subgroup. 
Mortality was higher in patients with acute pancreatitis 
compared to those without. Although we did not identify 
strong predictors for the development of acute pancreatitis 
in patients with accidental hypothermia, our analysis sug-
gested that older patients and those with high blood pressure 
are less likely to develop acute pancreatitis.

In this study, the incidence of acute pancreatitis was 
higher in the alcoholic subgroup compared to the nonalco-
holic subgroup, suggesting that alcohol may contribute to 
the development of hypothermia- associated acute pancre-
atitis. Only one previous observational study has examined 
acute pancreatitis in patients with accidental hypother-
mia,13 reporting an incidence of 8.7% (12/138), more than 
twice that in our study, likely because of a higher proportion 
(53%) of alcohol consumers. Patients in the AP group were 
younger than those in the control group, possibly because 
of higher rates of alcohol consumption among younger pa-
tients. Additionally, higher pancreatic exocrine function in 
young individuals may contribute to the onset of acute pan-
creatitis.14,15 In this study, we defined alcohol consumers as 
patients who had consumed alcohol immediately before the 
hypothermic event, and such patients were most likely habit-
ual alcohol users. Habitual alcohol consumption is a known 

F I G U R E  1  Flow chart showing the inclusion and exclusion of participants in this study. CPA, cardiopulmonary arrest.
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T A B L E  1  Demographic characteristics, clinical data, and outcomes in eligible patients.

All patients Missing Control group AP group

n = 421 n (%) n = 405 n = 16

Age, years 81 [70–88] 81 [71–88] 70 [55–81]

Sex, male 229 (54.4) 221 (54.6) 8 (50.0)

ADL 11 (2.6)

Independent 244 (58.0) 234 (57.8) 10 (62.5)

Partial dependent 142 (33.7) 140 (34.6) 2 (12.5)

Total dependent 24 (5.7) 21 (5.2) 3 (18.8)

Location 1 (0.2)

Indoor 327 (77.7) 312 (77.0) 15 (93.8)

Outdoor 93 (22.1) 92 (22.7) 1 (6.2)

Cause of accidental hypothermia

Infection 82 (19.5) 80 (19.8) 2 (12.5)

Endocrine disease 62 (14.7) 58 (14.3) 4 (25.0)

Cerebrovascular disease 27 (6.4) 26 (6.4) 1 (6.2)

Intoxication 32 (7.6) 30 (7.4) 2 (12.5)

Trauma 29 (6.9) 29 (7.2) 0 (0)

Cardiovascular disease 10 (2.4) 10 (2.5) 0 (0)

Others 91 (21.6) 86 (21.2) 5 (31.2)

Unknown 88 (20.9) 86 (21.2) 2 (12.5)

Alcohol consumption, yes 50 (11.9) 69 (16.4) 45 (11.1) 5 (31.2)

Vital signs on ED arrival

Glasgow Coma Scale 9.0 [6.0–12.0] 10.0 [6.0–12.0] 7.0 [3.0–11.5]

Heart rate, beat/min 64 [48–82] 65 [49–82] 52 [43–90]

Systolic blood pressure, mmHg 113 [88–139] 114 [88–140] 98 [67–129]

Core body temperature, °C 28.5 [27.1–30.2] 28.6 [27.1–30.2] 27.8 [26.1–28.7]

Initial blood gas analysis

pH 7.29 [7.17–7.35] 8 (1.9) 7.29 [7.18–7.35] 7.20 [7.04–7.28]

PaCO2, mmHg 41.8 [32.0–52.2] 9 (2.1) 41.8 [32.7–52.4] 33.4 [27.3–45.1]

HCO3
−, mmol/L 19.8 [14.0–24.7] 9 (2.1) 19.9 [14.2–24.8] 12.6 [6.1–23.8]

Base excess, mmol/L −6.4 [−12.1–- 1.2] 9 (2.1) −6.4 [−11.8–- 1.1] −13.9 [−22.3–- 3.2]

Lactate, mmol/L 2.9 [1.3–6.2] 9 (2.1) 2.8 [1.2–6.1] 4.3 [3.1–7.1]

Initial laboratory data

White blood cell count, ×1000/μL 9.0 [5.1–14.1] 9.0 [5.2–14.2] 8.4 [4.3–13.1]

Hemoglobin, g/dL 11.6 [9.8–13.7] 11.6 [9.8–13.7] 11.3 [8.1–13.6]

Hematocrit, % 35.3 [30.0–41.4] 35.5 [30.1–41.6] 33.6 [25.4–41.2]

Platelet count, ×1000/μL 171 [112–237] 171 [113–237] 161 [93–204]

Prothrombin time, INR 1.17 [1.03–1.37] 3 (0.7) 1.17 [1.03–1.37] 1.23 [1.09–1.30]

APTT, s 34.5 [30.0–42.0] 5 (1.2) 34.5 [29.9–42.0] 35.4 [32.8–38.5]

FDP, μg/mL 7.4 [4.0–17.7] 191 (45.4) 7.4 [4.0–17.0] 7.7 [4.1–21.7]

D- dimer, μg/mL 3.0 [1.4–7.7] 48 (11.4) 3.0 [1.3–7.7] 3.0 [2.2–7.5]

Antithrombin, % 81 [67–96] 261 (62.0) 81 [67–94] 76 [56–97]

Amylase, U/L 113 [70–240] 57 (13.5) 111 [69–224] 370 [183–1211]

Lipase, U/L 34 [19–88] 333 (79.1) 32 [19–50] 1103 [519–1322]

Total bilirubin, mg/dL 0.7 [0.4–1.1] 0.7 [0.4–1.2] 0.4 [0.4–0.6]

CK, U/L 586 [237–1783] 5 (1.2) 574 [234–1745] 757 [454–2048]
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risk factor for chronic pancreatitis, which in turn increases 
the risk of acute pancreatitis,16 potentially acting as a con-
founding factor in our results.

Although previous studies have reported an increased 
risk of acute pancreatitis with lower body temperatures,13 
core body temperature was not a significant predictor in 
the ROC curve analysis in our study. However, in the non-
alcoholic subgroup, where alcohol's effect was excluded, 
core body temperature emerged as a significant factor. 
Further investigation with a larger sample size is needed to 
clarify the relationship between alcohol consumption and 
hypothermia- associated acute pancreatitis.

In the ROC curve analysis conducted in this study, the 
variables of age, vital signs, and blood gas analysis data 
each had AUCs below 0.7, indicating low predictive ability.17 

This may be because of multiple contributing factors in-
volved in the development of acute pancreatitis in patients 
with accidental hypothermia. Proposed mechanisms for 
hypothermia- associated acute pancreatitis include direct 
pancreatic injury from hypothermia exposure, circulatory 
failure because of hypothermia, and alcohol consumption 
as a contributing factor.5,18 The exact mechanism by which 
hypothermia leads to pancreatitis is not fully understood. In 
a rat model of hypothermia, Inoue et al. demonstrated that 
histological pancreatic injuries, such as micro- bleeding, oc-
curred when circulatory failure occurred in addition to hy-
pothermia.18 They also showed that, even without circulatory 
failure, amylase- stored vacuoles formed within pancreatic 
acinar cells under hypothermic conditions. Additionally, the 
metabolic products of ethanol have been reported to induce 

All patients Missing Control group AP group

n = 421 n (%) n = 405 n = 16

Creatinine, mg/dL 1.2 [0.7–2.1] 1.2 [0.7–2.1] 1.8 [1.0–3.2]

Serum sodium, mmol/L 140 [136–144] 140 [137–144] 137 [129–142]

Serum potassium, mmol/L 4.2 [3.6–4.8] 4.2 [3.6–4.7] 4.2 [3.9–5.0]

Glucose, mg/dL 129 [89–193] 5 (1.2) 129 [89–189] 162 [98–634]

SOFA score on admission day 6 [4–9] 6 [4–9] 10 [4–14]

Development of acute pancreatitis 16 (3.8) 0 (0) 16 (100)

In–hospital death 88 (20.9) 82 (20.2) 6 (37.5)

28- day death 85 (20.2) 19 (4.5) 79 (19.5) 6 (37.5)

Note: All data are presented as medians [interquartile ranges] or n (%).
Abbreviations: ADL, activities of daily living; APTT, activated partial thromboplastin time; CK, creatinine kinase; ED, emergency department; FDP, fibrin/fibrinogen 
degradation products; INR, international normalized ratio; SOFA, Sequential Organ Failure Assessment.

T A B L E  1  (Continued)

T A B L E  2  Case series of patients with acute pancreatitis.

Case Sex Age (years)
Cause of accidental 
hypothermia

Alcohol 
consumption

Core body 
temperature (°C)

Serum amylase 
level (U/L)

Serum lipase 
level (U/L)

SOFA score on 
admission day

28- day 
mortality

1 Male 50–59 Others No 25.1 184 519 8 Survived

2 Male 20–29 Endocrine disease No 27.6 417 1103 15 Survived

3 Female 60–69 Endocrine disease No 28.4 1135 2537 3 Survived

4 Male 90–99 Others No 25.8 1641 1669 NA Deceased

5 Male 70–79 Others Unknown 29.4 322 NA 2 Survived

6 Female 80–89 Others Unknown 27.3 285 NA 14 Deceased

7 Male 50–59 Intoxication Yes 26.2 177 NA 15 Survived

8 Male 50–59 Endocrine disease Unknown 30.5 722 NA 12 Deceased

9 Female 70–79 Intoxication Yes 25.2 93 NA 9 Survived

10 Female 80–89 Unknown No 28.3 1689 NA 14 Survived

11 Female 80–89 Others Unknown 24.9 319 582 17 Deceased

12 Female 80–89 Unknown Unknown 30.5 27 10 4 Survived

13 Male 60–69 Cerebrovascular disease Yes 27.9 1471 NA 10 Survived

14 Female 80–89 Endocrine disease No 27.3 1438 1222 4 Deceased

15 Male 60–69 Infection Yes 28.4 180 241 14 Deceased

16 Female 40–49 Infection Yes 31.7 452 1322 2 Survived

Note: Core body temperature, serum amylase level, and serum lipase level represent the initial measurements taken upon arrival.
Abbreviation: SOFA, sequential organ failure assessment.
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pancreatic edema and acinar cell vacuolization,19 potentially 
increasing the fragility of vesicles formed during hypother-
mia and contributing to the onset of pancreatitis.

Patients in the AP group exhibited severe metabolic acido-
sis. Elevated lactate and serum creatinine levels in this group 
suggest that renal and circulatory failure may contribute to 
the observed metabolic acidosis. However, it remains un-
clear whether metabolic acidosis is a cause or a consequence 
of acute pancreatitis. Several studies have documented a 
direct relationship between acidemia and pancreatitis.20,21 
Alternatively, pancreatitis may be more likely to occur in 

severely ill patients who have metabolic acidosis because of 
renal failure or lactic acidosis from circulatory failure. As 
shown in Table 4, clinicians should note that low base excess 
and bicarbonate ion levels increase the likelihood of acute 
pancreatitis complications and should not delay evaluation.

This study had some limitations. First, we only had data 
on acute pancreatitis diagnosis within 1 week of presenta-
tion. However, when and how pancreatitis was diagnosed 
remains unclear. Appropriate blood or imaging tests may 
not have been performed in all included patients, and pan-
creatitis may have been missed. Second, as the severity of 
pancreatitis was not assessed in this study, we could not 
examine whether disease severity varied with body tem-
perature. Similarly, the relationship between the severity of 
pancreatitis and prognosis remains unclear. Third, we did 
not investigate the quantity or habitual pattern of alcohol 
consumption. Fourth, laboratory data were collected only on 
admission, and changes in values after hospitalization were 
not analyzed. Fifth, because of the small number of patients 
with acute pancreatitis, the results of the ROC curve analy-
sis had wide confidence intervals, which made it difficult to 
accurately estimate the true values. Lastly, this study did not 
investigate the underlying causes of hypothermia- associated 
acute pancreatitis, so it cannot be ruled out that some pa-
tients may have developed pancreatitis prior to hypothermia, 
independent of low body temperature. Additionally, under-
lying comorbidities in patients with hypothermia may have 
influenced the development of pancreatitis. Further large 
prospective studies are needed to address these unresolved 
issues, focusing on the timing and methods of pancreatitis 
diagnosis, treatment approaches, clinical course, and de-
tailed information regarding alcohol consumption.

T A B L E  3  AUCs of each variable predicting the development of acute 
pancreatitis.

Variable
AUC [95% Confidence 
interval]

Age (year) 0.684 [0.557–0.811]

Vital signs

Glasgow coma scale 0.586 [0.415–0.757]

Heart rate 0.560 [0.374–0.745]

Systolic blood pressure 0.642 [0.481–0.802]

Core body temperature 0.607 [0.465–0.750]

Blood gas analysis

pH 0.656 [0.515–0.798]

PaCO2 0.605 [0.438–0.772]

HCO3
− 0.642 [0.470–0.814]

Base excess 0.642 [0.475–0.810]

Lactate 0.632 [0.497–0.767]

Abbreviation: AUC, area under the receiver operating characteristic curve.

F I G U R E  2  Receiver operating characteristic curves for the development of acute pancreatitis. A: Analysis of age and initial vital signs. B: Analysis 
of initial blood gas analysis data. AUC, area under the curve; BE, base excess; CBT, core body temperature; CI, confidence interval; GCS, Glasgow Coma 
Scale; HR, heart rate; SBP, systolic blood pressure.
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CONCLUSION

In our study, the incidence of acute pancreatitis was 3.8% 
among patients with accidental hypothermia with core body 
temperatures ≤32°C. Patients with a history of alcohol con-
sumption before hypothermia had a higher incidence of 
acute pancreatitis. No strong predictors of acute pancreatitis 
were identified.
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