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s u m m a r y

Background: Acute pancreatitis (AP) is afflicted by substantial morbidity and mortality. Besides local/ 
systemic complications and pancreatic necrosis, patients’ comorbidities might be underrated as risk 
factor for intensive care unit (ICU) admission in AP.
Methods: We screened the German nationwide inpatient statistics identifying patients admitted due to 
AP (ICD-code K85) 2005–2019. AP hospitalizations were stratified  for necessity of ICU admission and 
risk-factors for ICU admission were investigated.
Results: Overall, 797,364 patient-hospitalizations due to AP (median age 56.0 [IQR 44.0–71.0] years, 
39.2% females) were detected in Germany 2005–2019. Among these, 78,437 (9.8 %) were treated at an 
ICU. AP patients admitted to an ICU were significantly older (59.0 [46.0–73.0] vs. 56.0 [44.0–71.0], 
P < 0.001), less often female (35.4 % vs. 39.6 %, P < 0.001), showed an aggravated comorbidity-profile 
and higher case-fatality than those without ICU admission (13.7 % vs. 1.6 %, P < 0.001). ICU admission 
was independently associated with increased in-hospital case-fatality (OR 9.82 [95%CI 9.54–10.12], 
P < 0.001).
Strongest independent risk factors for ICU admission regarding patient-characteristics were male sex 
(OR 1.26 [95%CI 1.23–1.28], P < 0.001), obesity (OR 1.53 [95%CI 1.49–1.57], P < 0.001), diabetes mellitus 
(OR 1.35 [95%CI 1.33–1.38], P < 0.001), heart failure (OR 2.43 [95%CI 2.37–2.49], P < 0.001) and atrial 
fibrillation/flutter (OR 1.87 [95%CI 1.82–1.91], P < 0.001).
Conclusions: Approximately 10 % of the hospitalized AP patients had to be admitted on an ICU. Besides 
AP complications, male sex, obesity, diabetes mellitus, heart failure and atrial fibrillation/flutter were 
associated with ICU admission.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and 
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/license 

s/by/4.0/).

1. Introduction

Acute pancreatitis (AP) is one of the leading causes for gastro
intestinal disease admissions with increasing incidence worldwide 
[1–5]. The population-based incidence in western industrialised 
countries varies with regional differences between 13 and 100 per 

100,000 population [6]; in Germany, the incidence ranges between 
13 and 43 individuals with AP per 100,000 population [7,8]. The 
main etiology of AP is alcohol and gallstone (30–50 % depending on 
regional differences, as well as on sex and age) followed by rarer 
causes such as hypertriglyceridemia (10 %), post-ERCP AP (3–5 %), 
and medication associated AP (0.1–2.0 %), but AP is also related to 
smoking as an independent or at least as an important cofactor 
[6,9–11]. Approximately 80 % of the AP events are of a mild character 
and resolve with supportive treatment, whereas moderate and 
especially severe AP, stratified to the revised Atlanta classification 
(RAC), leads to substantially increased morbidity and mortality 
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[12–19]. Therefore, over the past decades several prognostic scoring 
systems based on imaging, clinical and laboratory chemical tests 
were developed to predict the severity of AP [20–22]. The Revised 
Atlanta Classification  (RAC) and the Determinant-based Classifi
cation (DBC) of AP are established scoring tools to evaluate the 
severity of AP and estimate the prognosis of AP [12–14,16,23]. 
Important risk factors for poor outcome are organ failure, local and 
systemic complications such as peritonitis, venous thromboem
bolism, systemic inflammatory response syndrome (SIRS), sepsis 
and particularly pancreatic necrosis [20,21,24]. The AP-related 
mortality increases from 0.1 % in mild cases to 54.1 % in critical AP 
manifestations [14–19]. Risk stratification scores like the Harmless 
Acute Pancreatitis Score (HAPS) [8], the Bedside Index of Severity in 
Acute Pancreatitis (BISAP) [25] or the Acute Physiology and Chronic 
Health Examination II (APACHE II) [26] were developed to predict 
short-term mortality and to identify patients, who benefit from an 
admission on an ICU and expanded therapeutic measures [8,25,26]. 
However, the commonly used risk stratification and scoring tools in 
AP tend to underestimate the impact of patients’ comorbidity 
burden, which often plays a crucial role in determining the need for 
ICU treatment. The presence of comorbidities significantly  in
fluences the outcome of these patients [14,27]. In this context, the 
established AP risk stratification  approaches revealed only low 
positive predictive values and moderate accuracy [20,28].

ICU treatment is a very important cornerstone in the treatment 
of severe AP to withstand impending deterioration and to avert 
patients’ death. Since ICU capacities are expensive and limited, ICU 
treatment is a critical bottleneck in the hospitals, patient care and 
health care planning. Thus, evaluation of ICU as a primary outcome 
is important for health care planning in the different health care 
systems [6,20,29–32].

Therefore, we aimed to investigate risk factors and drivers for 
AP patients’ ICU admission in these very large German nationwide 
inpatient statistics with real-world data in order to specify and 
draw conclusions on further important individual risk factors be
sides the aforementioned.

2. Methods

In Germany, a new remuneration system for the inpatient 
health care system was implemented and started during the year 
2004. In this remuneration system, for all treated patients coex
isting conditions, surgeries, interventions, treatments and pro
cedures have to be coded by the German hospitals and afterwards 
the codes have to be transferred to the Institute for the Hospital 
Remuneration System as well as the Federal Statistical Office  of 
Germany (Statistisches Bundesamt) in order to receive the remu
neration for the provided and rendered services [33]. Coding of the 
aforementioned diagnoses has to be done according to ICD-10-GM 
(International Classification  of Diseases, 10th Revision with 
German Modification) and surgical, diagnostic and interventional 
procedures according OPS codes (Operationen-und Prozedurens
chlüssel) [33]. Besides the remuneration, the Federal Statistical 
Office  of Germany gathers all mentioned coded treatment data 
from the hospitalized patient-cases, generating the German 
nationwide inpatient statistics for research purposes (diagnosis 
related groups [DRG] statistic), which was used for our present 
study-analysis [33].

For this research project and to investigate our hypotheses, we 
generated the statistical syntaxes and sent them to the Research 
Data Center (RDC) of the Federal Statistical Office and the Statis
tical Offices of the federal states (in Wiesbaden, Germany), which 
computed the study results on our behalf based (by the statistical 
syntaxes) on delivered syntaxes. For the present study, we selected 
all inpatients hospitalized due to an AP (all inpatients with a main 

diagnosis of AP [ICD code K85]) (source: RDC of the Federal Sta
tistical Office and the Statistical Offices of the federal states, DRG 
Statistics 2005–2019, own calculations). The main diagnosis of a 
patient is defined as that diagnosis, which was mainly responsible 
for hospitalization documented by the discharging physician. The 
AP (ICD code K85) patients were divided in those with and without 
need of an ICU admission and both groups were compared.

2.1. Study endpoints

The primary study endpoint was admission on an ICU. In 
addition, we investigated the impact of a necessity of ICU admis
sion on death of all-causes during in-hospital stay (in-hospital 
death) as a secondary study endpoint.

2.2. Definitions

Obesity was defined as body mass index ≥30 kg/m2 according to 
the recommendations of the WHO (World Health Organization) 
[34]. Shock as well as cardio-pulmonary resuscitation were defined 
according to current European guidelines [35–37]. Major adverse 
cardiovascular and cerebrovascular events (MACCE) was defined as 
composite of all-cause in-hospital death, acute myocardial infarc
tion [ICD-code I21], and/or ischemic stroke [ICD-code I63] [38].

The VTE entities of pulmonary embolism (PE, ICD code I26) and 
deep vein thrombosis and/or thrombophlebitis (DVT, ICD codes 
I80, I81, I82) were subsumized as VTE. Pancreas specific surgeries 
comprised the OPS code 5-52.

2.3. Ethical aspects and study oversight

Since the present study did not contain direct access by us as 
the investigators to data of individual patients, but in contrast only 
to aggregate results provided by the RDC, approval by an ethics 
committee and informed consent were not required, in compli
ance with German law.

2.4. Statistics

Descriptive statistics for the comparison of AP patients with 
and without necessity of ICU admission were provided with me
dian and interquartile range (IQR), or absolute numbers and cor
responding percentages; continuous variables were compared 
with the use of the Wilcoxon-Whitney U test, while the compar
isons of categorical variables were computed with Fisher's exact or 
chi test, as appropriate.

Logistic regression models were calculated to investigate the 
impact of patients’ characteristics, different conditions and 
comorbidities as well as adverse in-hospital events on the neces
sity of an ICU admission. Results were presented as odds ratios 
(OR) and related 95 % confidence intervals (CI). In order to ensure 
that the results of these logistic regression analyses are not sub
stantially biased by age, sex and important comorbidities the 
multivariate logistic regressions were adjusted for these afore
mentioned parameters. The logistic regressions were calculated 
with all parameters in one model and the adjustment comprised 
the following parameters: age, sex, obesity, cancer, heart failure, 
essential arterial hypertension, chronic renal insufficiency 
(chronic renal insufficiency stages 3–5 with glomerular filtration 
rate <60 ml/min/1.73 m2), diabetes mellitus, coronary artery dis
ease, chronic obstructive pulmonary disease, and atrial fibrilla
tion/flutter.

Temporal trends on total numbers of AP hospitalizations, the 
necessity of ICU admission, and the in-hospital case-fatality over 
time and with age were illustrated as figures and estimated by 
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means of linear regression analyses. Results were presented as 
β-estimates and related 95 % CI.

We used the software of SPSS® (IBM Corp. Released 2011. IBM 
SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp) 
for the computerised data analysis. Only P values lower than 0.05 
(two-sided) were considered to be statistically significant.

3. Results

3.1. Study overview and temporal trends

In total, 797,364 hospitalization-cases of patients admitted due 
to AP (median age 56.0 [IQR 44.0–71.0] years, 39.2 % females) were 
counted in Germany between the years 2005 and 2019. Among 
them, 78,437 (9.8 %) had to be treated on an ICU. While total 
numbers of hospitalizations due to AP increased from 50,760 in 
the year 2005 to 53,345 in 2019, the rate of ICU admission did not 
change substantially over time (2005: 8.9 % vs. 2019: 7.6 %, 
maximum 2011: 10.9 %, β − 0.001 [95%CI -0.001 to 0.001], 
P < 0.001). However, highest ICU demand was seen in the years 
2010–2012 (Fig. 1). In contrast, the necessity for ICU admission 
increased significantly with age-decade (β 0.006 [95%CI 0.006 to 
0.007], P < 0.001) (Fig. 2). Whereas the in-hospital case-fatality in 
AP patients with need of ICU was widely stable over time (Fig. 1), 
the case-fatality rate increased substantially with rising age 
(Fig. 2).

3.2. AP patients admitted to an ICU have primarily an aggravated 
cardiovascular profile

AP patients admitted to ICU were slightly older (59.0 
[46.0–73.0] vs. 56.0 [44.0–71.0], P < 0.001) and less often females 
(35.4 % vs. 39.6 %, P < 0.001). All investigated cardiovascular risk 
factors were more prevalent in AP patients with need of ICU 
admission than in those treated without ICU (Table 1). In partic
ular, cardiovascular diseases such as heart failure (14.9 % vs. 5.4 %, 
P < 0.001), coronary artery disease (11.8 % vs. 8.7 %, P < 0.001) and 
atrial fibrillation/flutter  (15.1 % vs. 6.8 %, P < 0.001) were more 
often detected in AP patients, who had to be treated on an ICU. In 
addition, also other diseases such as renal failure and chronic 
obstructive pulmonary disease were more often found in patients 
treated on an ICU. In addition, AP patients admitted to an ICU were 
more often treated with general or pancreatic surgeries. As ex
pected, length of in-hospital stay is prolonged if patients have to be 
admitted to an ICU (16.0 [10.0–28.0] vs. 7.0 [5.0–11.0] days, 
P < 0.001 (Table 1).

3.3. Need for ICU admission was afflicted by poorer outcome

AP patients who had to be treated on an ICU had an 8.5-fold 
Risk Ratio to die during the hospitalization in comparison to 
those patients admitted due to AP without necessity of ICU 
admission (Table 1). This result was confirmed  in the logistic 

Fig. 1. Time trends in patients with acute pancreatitis and ICU admission. 
Panel A: Annual time trends of absolute numbers of patients admitted due to acute pancreatitis (orange bars) and proportion of these patients, who had to be admitted to an 
intensive care unit (ICU, blue line) during the observational period 2005-2019 
Panel B: Annual numbers of patients admitted due to acute pancreatitis, who had to be admitted to an intensive care unit (ICU, blue bars) and case-fatality rate of patients treated 
on ICU (solid black line) or without ICU (dashed black line) during the observational period 2005–2019.
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regression analysis: ICU admission was independently associated 
with a nearly 10-fold increased in-hospital case-fatality (univari
ate logistic regression: OR 9.95 [95%CI 9.68–10.23], P < 0.001; 
multivariate logistic regression: OR 9.82 [95%CI 9.54–10.12], 
P < 0.001).

In addition, MACCE was also more often detected in patients 
who were admitted to an ICU (15.1 % vs. 1.8 %, P < 0.001). Venous 
thromboembolism (5.1 % vs. 1.4 %, P < 0.001), sepsis (6.0 % vs. 0.3 %, 
P < 0.001) and pneumonia (19.6 % vs. 2.6 %, P < 0.001) were more 
often diagnosed in patients who had to be admitted on ICU 
(Table 1). It is of further importance that all investigated bleeding 
events were more prevalent in patients with ICU treatment. 
Especially, transfusions of blood constituents (28.1 % vs. 2.3 %, 
P < 0.001) were more often needed in those patients on ICU 
(Table 1).

3.4. Risk factors for ICU admission

Focusing on the patient characteristics, male sex was an inde
pendent risk factor for ICU admission (OR 1.26 [95%CI 1.23–1.28], 
P < 0.001) (Table 2). Regarding the investigated traditional car
diovascular risk factors, obesity (OR 1.53 [95%CI 1.49–1.57], 
P < 0.001) and diabetes mellitus (OR 1.35 [95%CI 1.33–1.38], 
P < 0.001) were also independent risk factors for ICU admission 
(Table 2).

Among the assessed and analysed comorbidities, heart failure 
(OR 2.43 [95%CI 2.37–2.49], P < 0.001) and atrial fibrillation/flutter 
(OR 1.87 [95%CI 1.82–1.91], P < 0.001) were the strongest inde
pendent risk factors for ICU admission. Chronic obstructive pul
monary disease was a moderate predictor regarding the need of 
ICU setting (OR 1.34 [95%CI 1.30–1.38], P < 0.001) (Table 2).

In addition and as expected, surgery in general (OR 3.77 [95%CI 
3.68–3.85], P < 0.001) and pancreatic surgery in particular (OR 5.27 
[95%CI 5.15–5.39], P < 0.001) were strong predictors of ICU 
admission (Table 2).

The logistic regressions demonstrated that all of the adverse in- 
hospital events were independently associated with ICU admis
sion. Strongest independent associations with OR >15 were found 
between shock and ICU (OR 20.30 [95%CI 19.42–21.22], P < 0.001), 
sepsis and ICU (OR 16.25 [95%CI 15.44–17.10], P < 0.001) as well as 
transfusion of blood constituents and ICU (OR 15.38 [95%CI 
15.03–15.73], P < 0.001) (Table 2). These conditions are of course 
also circumstances that require an ICU admission and therefore are 
also risk factors of ICU admission, but the need for ICU admission 
in these conditions are in most cases self-explanatory.

3.4.1. Impact of nutritional status of the patients with pancreatitis 
on the admission rate to an intensive care unit

The majority of patients with acute pancreatitis treated on an 
ICU were of normal weight or had an overweight (72,844; 92.6 %). 

Fig. 2. Age trends in patients with acute pancreatitis and ICU admission. 
Panel A: Age trends of absolute numbers of patients admitted due to acute pancreatitis (orange bars) and proportion of these patients, who had to be admitted to an intensive care 
unit (ICU, blue line) during the observational period 2005-2019 
Panel B: Decade-dependent numbers of patients admitted due to acute pancreatitis, who had to be admitted to an intensive care unit (ICU, blue bars) and case-fatality rate of 
patients treated on ICU (solid black line) or without ICU (dashed black line) during the observational period 2005–2019.
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Only 0.3 % of these patients were underweight, whereas 7.1 % were 
obese (Table 3). In total, 7.5 % of the underweight patients had to be 
admitted to an ICU and in obese patients the rate was 11.3 %.

While underweight was not an independent risk factor for ICU 
admission, all obesity classes were independently associated with 
ICU admission (Table 4). The risk for ICU admission increased with 
obesity class and thus, was highest in obesity class III with 1.7-fold 
increased risk for ICU admission (OR 1.70 (1.61–1.80), P < 0.001) 
(Table 4).

3.4.2. Impact of nutritional status on outcomes in patients with 
pancreatitis, who were admitted on an intensive care unit

We detected a strong influence  of nutritional status on the 
outcomes of patients with pancreatitis. While peptic ulcer, deep 
venous thrombosis or thrombophlebitis, pulmonary embolism and 
bleeding events as well as pancreatic surgery were more often 
observed in underweight patients, infections such as pneumonia 
and sepsis occurred more frequently in obese patients with an 
increase over the obesity classes (Table 3). In contrast, case-fatality 
rate as well as MACCE rate showed an U-shaped curve with lowest 
rates in the normal weight, overweight and obesity class I patients 
and an increase regarding case-fatality and MACCE rates at both 
ends of the curve (underweight and severe obesity) (Fig. 3, 
Table 3). This was in part confirmed  by the logistic regressions 

elucidating an independent association of obesity class I with 
reduced case-fatality and class III with increased case-fatality 
(Table 5).

4. Discussion

The incidence of AP increased in the last decades [3,39,40]. The 
global pooled incidence of AP was estimated as 34 cases per 
100,000 population per year [39]. In line with previously pub
lished studies, the annual hospitalizations of AP increased over 
time in Germany [40,41]. Although the reasons for this increase are 
still not fully understood, it has to be hypothesized that temporal 
changes of the most common causes of AP such as gallstones and 
alcohol abuse might have significantly influenced the incidence of 
AP [3,19,42]. In particular, the increasing prevalence of obesity and 
its resulting related complications like gallstones, hyper
triglyceridemia and diabetes mellitus contribute to higher inci
dence of AP [42–45]. However, the proportion of obesity in our 
study was lower than the expected prevalence of obesity in the 
German population [46].

Pathophysiologically, AP is initially characterized by a localized 
inflammation,  including cytokine release, leukocyte activation, 
and increased oxidative stress. This can lead to a complicated 
course, potentially progressing to systemic inflammatory response 

Table 1 
Patients’ characteristics, medical history, presentation and outcomes of the included 797,364 patients with acute pancreatitis stratified according the necessity of intensive 
care unit admission.

Parameters Hospitalizations of acute pancreatitis 
patients without ICU admission 
(n = 718,927; 90.2 %)

Hospitalizations of acute 
pancreatitis patients with ICU 
admission (n = 78,437; 9.8 %)

P-value

Age 56.0 (44.0–71.0) 59.0 (46.0–73.0) <0.001
Age ≥70 years 196,381 (27.3 %) 25,052 (31.9 %) <0.001
Female sex 284,558 (39.6 %) 27,778 (35.4 %) <0.001
In-hospital stay (days) 7.0 (5.0–11.0) 16.0 (10.0–28.0) <0.001
Prolonged in-hospital stay >14 days 98,435 (13.7 %) 43,813 (55.9 %) <0.001
Traditional cardiovascular risk factors
Obesity 49,763 (6.9 %) 8847 (11.3 %) <0.001
Essential arterial hypertension 278,956 (38.8 %) 35,976 (45.9 %) <0.001
Diabetes mellitus 128,253 (17.8 %) 20,391 (26.0 %) <0.001
Hyperlipidaemia 78,910 (11.0 %) 10,119 (12.9 %) <0.001
Surgery
Any surgery 463,844 (64.5 %) 68,758 (87.7 %) <0.001
Pancreatic surgery 25,404 (3.5 %) 12,953 (16.5 %) <0.001
Comorbidities
Coronary artery disease 62,194 (8.7 %) 9285 (11.8 %) <0.001
Heart failure 39,095 (5.4 %) 11,654 (14.9 %) <0.001
Peripheral artery disease 10,185 (1.4 %) 1740 (2.2 %) <0.001
Atrial fibrillation/flutter 48,839 (6.8 %) 11,879 (15.1 %) <0.001
Chronic obstructive pulmonary disease 27,891 (3.9 %) 5172 (6.6 %) <0.001
Chronic renal insufficiency (chronic renal insufficiency 

stages 3–5 with glomerular filtration rate <60 ml/min/ 
1,73 m2)

34,149 (4.7 %) 5944 (7.6 %) <0.001

Cancer 15,901 (2.2 %) 2043 (2.6 %) <0.001
Adverse events during hospitalization
In-hospital death 11,281 (1.6 %) 10,741 (13.7 %) <0.001
MACCE 13,285 (1.8 %) 11,826 (15.1 %) <0.001
Myocardial infarction 1686 (0.2 %) 1133 (1.4 %) <0.001
Shock 3015 (0.4 %) 7103 (9.1 %) <0.001
Cardio-pulmonary resuscitation 2163 (0.3 %) 3180 (4.1 %) <0.001
Peptic ulcer 7633 (1.1 %) 1481 (1.9 %) <0.001
Venous thromboembolism 10,105 (1.4 %) 3967 (5.1 %) <0.001
Deep venous thrombosis or thrombophlebitis 9300 (1.3 %) 3351 (4.3 %) <0.001
Pulmonary embolism 988 (0.1 %) 813 (1.0 %) <0.001
Sepsis 2377 (0.3 %) 4716 (6.0 %) <0.001
Pneumonia 18,370 (2.6 %) 15,410 (19.6 %) <0.001
Acute kidney injury 18,140 (2.5 %) 16,095 (20.5 %) <0.001
Stroke (ischemic or hemorrhagic) 1059 (0.1 %) 667 (0.9 %) <0.001
Gastro-intestinal bleeding 6631 (0.9 %) 2367 (3.0 %) <0.001
Intracranial bleeding 80 (0.01 %) 82 (0.10 %) <0.001
Transfusion of blood constituents 16,421 (2.3 %) 22,066 (28.1 %) <0.001
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syndrome (SIRS) and further deterioration into severe AP, which 
may result in hypovolemic and distributive shock and multi-organ 
failure or damage [47]. Thus, the early and timely identification of 
these indications of a severe AP course is crucial to treat targeted 
and optimize early management, to prevent aggravation and 
further complications and avoid an (early) AP-related death. 
Consecutively, identification  of risk factors for an aggravated 
course of AP and early risk stratification in AP is of crucial interest. 

Although severity assessment tools with clinical and radiological 
scoring systems and in part with incorporated assessments of 
additional laboratory markers already have been established 
[6,20,29], the search for new and especially simple as well as easily 
assessable scores with a favorable effectiveness is still ongoing 
[48]. These simple risk stratification tools are of key interest, since 
some of the established scores, like the Ranson criteria or the 
Acute Physiology and Chronic Health Evaluation II (APAChE-II), are 

Table 2 
Risk factors for necessity of admission on an intensive care unit in patients with pancreatitis (univariable and multivariable logistic regression models).

Univariable regression model Multivariable regression modela

OR (95 % CI) P-value OR (95 % CI) P-value

Age 1.007 (1.007–1.008) <0.001 0.997 (0.997–0.998) <0.001
Age ≥70 years 1.25 (1.23–1.27) <0.001 0.87 (0.86–0.89) <0.001
Female sex 0.84 (0.82–0.85) <0.001 0.79 (0.78–0.81) <0.001
Traditional cardiovascular risk factors
Obesity 1.71 (1.67–1.75) <0.001 1.53 (1.49–1.57) <0.001
Essential arterial hypertension 1.34 (1.32–1.36) <0.001 1.19 (1.17–1.21) <0.001
Diabetes mellitus 1.62 (1.59–1.65) <0.001 1.35 (1.33–1.38) <0.001
Hyperlipidemia 1.20 (1.18–1.23) <0.001 0.95 (0.93–0.97) <0.001
Surgery
Any surgery 3.91 (3.82–3.99) <0.001 3.77 (3.68–3.85) <0.001
Pancreatic surgery 5.40 (5.28–5.52) <0.001 5.27 (5.15–5.39) <0.001
Comorbidities
Coronary artery disease 1.42 (1.39–1.45) <0.001 0.94 (0.92–0.96) <0.001
Heart failure 3.04 (2.97–3.10) <0.001 2.43 (2.37–2.49) <0.001
Peripheral artery disease 1.58 (1.50–1.66) <0.001 1.16 (1.10–1.22) <0.001
Atrial fibrillation/flutter 2.45 (2.40–2.50) <0.001 1.87 (1.82–1.91) <0.001
Chronic obstructive pulmonary disease 1.75 (1.70–1.80) <0.001 1.34 (1.30–1.38) <0.001
Chronic renal insufficiency (chronic 

renal insufficiency stages 3–5 with 
glomerular filtration rate <60 ml/ 
min/1,73 m2)

1.64 (1.60–1.69) <0.001 1.06 (1.02–1.09) 0.001

Cancer 1.18 (1.13–1.24) <0.001 1.12 (1.07–1.18) <0.001
Adverse events during hospitalization
Myocardial infarction 6.24 (5.78–6.73) <0.001 4.40 (4.06–4.76) <0.001
Shock 23.64 (22.64–24.69) <0.001 20.30 (19.42–21.22) <0.001
Venous thromboembolism 3.74 (3.60–3.88) <0.001 3.55 (3.42–3.69) <0.001
Deep venous thrombosis or 

thrombophlebitis
3.41 (3.27–3.55) <0.001 3.30 (3.17–3.44) <0.001

Pulmonary embolism 7.61 (6.93–8.35) <0.001 6.46 (5.86–7.11) <0.001
Sepsis 19.28 (18.35–20.27) <0.001 16.25 (15.44–17.10) <0.001
Pneumonia 9.32 (9.11–9.54) <0.001 7.85 (7.67–8.04) <0.001
Acute kidney injury 9.97 (9.75–10.20) <0.001 8.47 (8.27–8.68) <0.001
Stroke (ischemic or hemorrhagic) 5.81 (5.28–6.41) <0.001 4.60 (4.15–5.08) <0.001
Gastro-intestinal bleeding 3.34 (3.19–3.51) <0.001 3.04 (2.90–3.19) <0.001
Intracranial bleeding 9.40 (6.91–12.80) <0.001 8.45 (6.14–11.62) <0.001
Transfusion of blood constituents 16.75 (16.38–17.12) <0.001 15.38 (15.03–15.73) <0.001

a Adjusted for age, sex, obesity, cancer, heart failure, essential arterial hypertension, chronic renal insufficiency (chronic renal insufficiency stages 3–5 with glomerular 
filtration rate <60 ml/min/1,73 m2), diabetes mellitus, coronary artery disease, chronic obstructive pulmonary disease, and atrial fibrillation/flutter.

Table 3 
Patients’ outcomes of the included 78,437 patients with acute pancreatitis treated on an ICU stratified according nutritional status (underweight vs. normal weight or 
overweight vs. obesity).

Parameters Hospitalizations of acute pancreatitis patients with ICU admission and … P-value

… underweight 
(n = 257; 0.3 %)

… normal weight or 
overweight (n = 72,844; 
92.9 %)

… obesity class I 
(n = 2349; 
3.0 %)

… obesity class II 
(n = 1592 
2.0 %)

… obesity class III 
(n = 1652 
2.1 %)

In-hospital death 37 (14.4 %) 9971 (13.7 %) 239 (10.2 %) 198 (12.4 %) 296 (17.9 %) <0.001
MACCE 39 (15.2 %) 10,987 (15.1 %) 268 (11.4 %) 224 (14.1 %) 308 (18.6 %) <0.001
Shock 32 (12.5 %) 6415 (8.9 %) 203 (8.6 %) 186 (11.7 %) 267 (16.2 %) <0.001
Pancreatic surgery 111 (43.2 %) 11,942 (16.5 %) 378 (16.1 %) 260 (16.3 %) 262 (15.9 %) 0.823
Peptic ulcer 11 (4.3 %) 1374 (1.9 %) 32 (1.4 %) 30 (1.9 %) 34 (2.1 %) 0.280
Deep venous thrombosis 

or thrombophlebitis
24 (9.3 %) 3079 (4.3 %) 107 (4.6 %) 73 (4.6 %) 68 (4.1 %) 0.809

Pulmonary embolism 4 (1.6 %) 726 (1.0 %) 29 (1.2 %) 24 (1.5 %) 30 (1.8 %) 0.002
Sepsis 22 (8.6 %) 4211 (5.8 %) 186 (7.9 %) 139 (8.7 %) 158 (9.6 %) <0.001
Pneumonia 45 (17.5 %) 14,183 (19.5 %) 475 (20.2 %) 335 (21.0 %) 372 (22.5 %) 0.009
Gastro-intestinal bleeding 15 (5.8 %) 2222 (3.1 %) 49 (2.1 %) 35 (2.2 %) 46 (2.8 %) 0.009
Transfusion of blood constituents 122 (47.5 %) 20,489 (28.3 %) 572 (24.4 %) 404 (25.4 %) 479 (29.0 %) <0.001
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complex and therefore not designed for prompt bed-side use in 
clinical routine [6,20,30]. Regarding laboratory assessment, also 
several serum biomarkers like hypertriglyceridemia or early 
hypophosphatemia were already studied for risk factors regarding 
ICU admission [49,50]. Beyond that, gut microbiota analysis might 
additionally be helpful for prediction of AP severity [51].

In the risk assessment of different other acute diseases it is well 
established that patients' baseline parameters and especially pa
tients' comorbidities summed up as patient's comorbidity burden 
are important for the patients‘ outcome, but receive only little 
attention and their impact is frequently underestimated [52–55]. 
In this context, it should not be forgotten that the individual co
morbidity burden and nutritional status affects patients’ capacities 
to encounter the strain, stress and occurrence of complications 
due to AP to avoid organ failure and in-hospital death [43,56,57]. 
For health care planning in the different health care systems, risk 
factors for ICU admission of patients with severe AP are of 
particular interest to monitor patients with severe AP and to 

optimize the management of these critical ill patients in order to 
improve their prognosis [58–60]. Approximately 20 % of the pa
tients with AP develop a severe course (according to the RAC) 
[12,42], which is often accompanied by ICU admission [30,61].

Annual rates of ICU admissions in AP patients varied between 
7.6 % and 10.9 % in Germany and was 9.8 % during the whole period 
of the years 2005–2019. Besides annual variation regarding ICU 
admission rate, the admission rates of AP patients to an ICU varied 
also substantially between different countries: While older trials 
indicate that ICU admission rates ranged higher than in Germany 
(between 15 % and 25 % of the AP patients) [47,59,62], a newer 
small retrospective single center analysis from Singapore reported 
that only 3.1 % of the AP patients required an ICU admission [58]. In 
the interventional trial from Lee et al., comparing administration 
of lactated Ringers vs. normal saline in mild AP, ICU admission 
occurred less frequently with lactated Ringers (9.8 %) compared to 
normal saline (25.0 %) [43]. Therefore, these differences regarding 
ICU rates might be explained by varying of admission criteria on 

Table 4 
Nutritional status as risk factor for necessity of admission on an intensive care unit 
in patients with pancreatitis (univariable and multivariable logistic regression 
models).

Univariable regression model Multivariable regression modela

OR (95 % CI) P-value OR (95 % CI) P-value

Underweight 0.74 (0.65–0.84) <0.001 0.72 (0.63–0.81) <0.001
Obesity 

class I
1.46 (1.40–1.52) <0.001 1.29 (1.23–1.35) <0.001

Obesity 
class II

1.63 (1.55–1.72) <0.001 1.41 (1.33–1.487) <0.001

Obesity 
class III

2.00 (1.89–2.11) <0.001 1.70 (1.61–1.80) <0.001

a Adjusted for age, sex, cancer, heart failure, essential arterial hypertension, 
chronic renal insufficiency (chronic renal insufficiency stages 3–5 with glomerular 
filtration  rate <60 ml/min/1,73 m2), diabetes mellitus, coronary artery disease, 
chronic obstructive pulmonary disease, and atrial fibrillation/flutter.

Fig. 3. Case-fatality and MACCE rate stratified according nutritional status (underweight vs. normal weight or overweight vs. obesity).

Table 5 
Nutritional status as risk factor for in-hospital death in patients with pancreatitis, 
who were admitted on an ICU (univariable and multivariable logistic regression 
models).

Univariable regression model Multivariable regression modela

OR (95 % CI) P-value OR (95 % CI) P-value

Underweight 1.06 (0.75–1.50) 0.743 1.17 (0.82–1.68) 0.389
Obesity 

class I
0.71 (0.62–0.81) <0.001 0.73 (0.64–0.84) <0.001

Obesity 
class II

0.90 (0.77–1.04) 0.157 0.98 (0.84–1.15) 0.817

Obesity 
class III

1.30 (1.22–1.58) <0.001 1.68 (1.46–1.92) <0.001

a Adjusted for age, sex, cancer, heart failure, essential arterial hypertension, 
chronic renal insufficiency (chronic renal insufficiency stages 3–5 with glomerular 
filtration  rate <60 ml/min/1,73 m2), diabetes mellitus, coronary artery disease, 
chronic obstructive pulmonary disease, and atrial fibrillation/flutter.
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ICU and also as aforementioned by early treatment differences in 
the institutions and in the countries [43,47,58,59,62]. In this 
context, the latest German guidelines recommend a treatment on 
the ICU especially in presence of the following prognostic pa
rameters: BISAP Score ≥3, APACHE II Score ≥8, Ranson-Score ≥3, 
haematocrit increase >44 %, blood urea nitrogen >25 mg/dl and 
sequential organ failure assessment (SOFA)-Score ≥2 [6]. In addi
tion, our study confirmed that the necessity for ICU admission as 
well as the case-fatality rate of AP patients admitted to an ICU 
increased substantially with rising age in our study, which is in line 
with the literature [63–68]. Consequently, older age was already 
implemented in several risk scores such as BISAP (>60 years), 
RANSON (>55 years), APACHE II (>45 years) and the Japanese 
severity score (>70 years) [59,65]. However, age was not an in
dependent risk factor for ICU admission after adjustment for 
comorbidities in our analysis of the German nationwide inpatient 
statistics. Pathophysiologically, several reasons like higher preva
lence of comorbidities and imbalance of pro- and anti- 
inflammatory  cytokine responses during AP in older patients 
might contribute to poor prognosis [41,43,56,57,63,66–69]. Besides 
AP related complications, exacerbation of pre-existing comorbid
ities might also influence  the prognosis of AP substantially 
[12,58,59]. In this context, our study results demonstrated that 
cardiovascular diseases and their acute manifestations, but also 
metabolic deviations such as diabetes mellitus are key risk factors 
for poor prognosis and consecutively for ICU admission in AP pa
tients in accordance with previously published studies [43,56–58]. 
While it is well established that diabetes mellitus contributes to 
higher incidence of AP [42–45], studies demonstrated in accor
dance with our results that diabetes mellitus negatively influences 
the outcome of AP in humans [70] confirmed  by animal studies 
[71]. Remarkably, a previously published large meta-analysis re
ported that approximately 1/4 to 1/2 of the patients diagnosed 
with AP and diabetes mellitus developed kidney diseases with 
corresponding raised mortality [70]. In accordance with this meta- 
analysis, our study results showed that acute kidney injury was 
associated with 8-fold risk for ICU admission in all investigated AP 
patients of our study. Regarding cardiovascular diseases it is 
important that stable coronary artery disease was not an inde
pendent risk factor for ICU admission, while AP patients with heart 
failure, peripheral artery disease and atrial fibrillation/flutter were 
afflicted with an increased risk to be admitted on ICU. In addition 
and as expected, the acute atherosclerotic manifestations of 
myocardial infarction and stroke were strongly related to ICU 
admission. Early onset of organ dysfunction with especially 
concomitant cardiac manifestations is associated with poor 
outcome, which highlights the relevance of avoidance of exacer
bations of cardiovascular disease in AP [72]. In accordance with the 
literature, cardiac arrhythmia contributes also as an important 
trigger for aggravated outcome and ICU admission [59].

Condensed, our study results indicate that cardiovascular dis
eases and AP seem to interact with each other. In this context, 
another population-based study confirmed  an association be
tween cardiovascular diseases and AP; especially ischemic heart 
disease and arterial hypertension were reported to be related to 
increase the risk of AP [73] and longitudinal studies detected that a 
history of AP was accompanied with an increased risk of acute 
atherosclerotic cardiovascular disease and acute coronary syn
drome [74]. Among the multiple organ system dysfunctions in 
severe AP, cardiovascular manifestations are frequently 
comprising abnormalities of cardiac rhythm, contractility, and 
vasomotor tone of peripheral vessels [72]. Pathogenic key factors/ 
drivers of cardiac manifestation consist of AP related hypovolemia 
as well as metabolic disturbances (e.g., hyperkalemia, hypomag
nesemia, and hypophosphatemia) resulting in hypotension, 

tachycardia, and signs of systemic inflammatory  response syn
drome [72]. Besides the AP related cardiovascular deviations, other 
organ systems such as the lung, kidneys and the coagulation sys
tem are also involved. Thus, it is no surprise that our analysis 
revealed that shock, sepsis, pneumonia, pulmonary embolism, 
acute kidney failure, the need of surgical intervention, and 
bleeding complications requiring transfusion of blood constituents 
are common in severe AP: These complications are strong and 
independent risk factors for ICU admission with a more than 10- 
fold increased risk in AP patients in our study; complications 
like these are typical indications for optimized management on an 
ICU setting.

In addition, our study results revealed that nutritional status of 
the patients is important for patients’ risk to be admitted on an 
ICU, but also for survival of patients with pancreatitis, who had to 
be admitted to an ICU. In accordance with literature [75], we 
identified that obese patients are afflicted by an increased neces
sity to be admitted to an ICU. Importantly, the survival of the pa
tients with pancreatitis on an ICU was significantly affected by the 
nutritional status of the patients. Although obesity is an estab
lished risk factor for the development of several diseases [76–81] 
and is related to increased incidence of acute pancreatitis and 
aggravated acute pancreatitis severity [44,75], the survival curve 
of the patients with acute pancreatitis of our epidemiological 
study indicated for an obesity paradox of these patients with 
lowest case fatality and MACCE rates in mild obesity. Several 
studies published in the past decades underlined that obese pa
tients with cardiovascular diseases [82–85], such as coronary ar
tery disease (CAD) [83,85–87], heart failure (HF) [83,88], 
pulmonary embolism [89], peripheral artery disease [90] and atrial 
fibrillation [91], as well as end stage renal disease [92] and chronic 
obstructive pulmonary disease (COPD) [93] have a better prog
nosis compared to their leaner counterparts, which is called 
“obesity paradox” [94]. A possible explanation for the survival 
benefit  of obese patients with pancreatitis is that obesity may 
protect against malnutrition and energy wastage during acute 
pancreatic infection. Obesity as a nutritional reserve is excep
tionally important in old patients and in those with a high co
morbidity burden [95]. Another explanatory approach focuses on 
the hypothesis that having a normal weight is uncommon in older 
patients of Western populations and may reflect the presence of 
serious known or unknown comorbid conditions as compared to 
their obese counterparts for whom this is not the case [96–98]. 
Therefore, when following this hypothesis, the protective effects 
that have been attributed to overweight and moderate obesity 
may not exist, and the effects of unmeasured confounding factors 
such as cancer or undiagnosed comorbidities may significantly 
influence  outcomes in normal-weight individuals [89,90,95–98]. 
Furthermore, it was argued that obesity classification  by body 
mass index (BMI) might not adequately reflect obesity [99–102]. 
Certainly, BMI is not able to discriminate between an excess in 
body fat and an increase in lean body mass and thus might not be 
the most accurate tool for defining obesity [99–101], but studies 
using body fat measurements are generally in widely accordance 
with those using BMI in their confirmation of an obesity paradox 
[86,87,103,104].

Despite the optimized management and progress in treatments 
in the last decades [62], patients with severe AP who have to be 
treated on ICU revealed still a 10-fold increased case-fatality in 
comparison to those AP patients who are not burdened by a severe 
course and are not admitted to an ICU. In Germany, the in-hospital 
case fatality of AP patients treated on an ICU was with 13.7 % 
similar to studies of the United Kingdom (16 %) [105], but distinctly 
lower than published data of earlier studies of the United States 
(25 %) [106], Serbia (53.6 %) [107] and Pakistan (82 %) [108].
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Since ICU is both a very important cornerstone in the treatment 
of severe AP and on the same time a critical bottleneck in treat
ment capacities of the hospitals, early determination of severity 
and accurate risk stratification for an optimized management and 
more aggressive treatment approaches in severe AP are continu
ally updated in guidelines and adopted in most clinical practices 
[6,20,29,30]. Although these advancements resulted in a further 
decrease of overall mortality rate [19,20], the mortality is still high 
in severe AP with 21–40 % in the United States and the European 
Union [109]. Fortunately, our study showed a lower in-hospital 
case-fatality rate of patients with severe AP admitted to ICU in 
Germany. Nevertheless, the risk stratification process in severe AP 
should be rendered more precisely and patients‘ comorbidity 
burden is an important, but underestimated possibility to specify 
and predict patients‘ risk for severe AP and (multiple) organ sys
tem dysfunctions [17,19,41,56,57,64,72].

5. Limitations

There are several limitations of our present study that should 
be considered: I) the study results are based on ICD and OPS codes 
of hospitalized patients, which are prone for under-reporting or 
under-coding. II) We were only able to provide data for the in- 
hospital stay, no follow-up data were present and available. III) 
Patients were not stratified to other important prognosis influ
encing factors like classification  of AP severity, etiology, (persis
tent) organ failure or (infected) necrosis. IV) Due to the structure of 
the German nationwide inpatient statistics, we were not able to 
analyse laboratory markers or ultrasound examinations. V) Finally, 
we could not distinguish the included patient-cases of our study 
regarding first  admission or recurrent admission of the same 
patient.

6. Conclusions

Approximately 10 % of the hospitalized AP patients had to be 
admitted on ICU. Besides AP complications, male sex, obesity, 
diabetes mellitus, heart failure and atrial fibrillation/flutter were 
associated with ICU admission. Necessity for ICU admission was 
afflicted by approximately 10-fold increased case-fatality.
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