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Prediction of severe pancreatitis 
in a population with low 
atmospheric oxygen pressure
Germán Londoño‑Ruiz1,2, Camilo Ramírez‑Giraldo 1,2*, Andrés Vesga‑Rosas2 & 
Felipe Vargas‑Barato1,2

To establish the severity of pancreatitis, there are many scoring systems, the most used are the 
Marshall and APACHE II systems, each one has advantages and disadvantages; but with good relation 
regarding mortality and prediction of complications. In populations with low barometric pressures 
produced by a decrease in atmospheric pressure, there is a decrease in partial pressure of oxygen, 
in these cases scores which take arterial oxygen partial pressure as one of their variables, may be 
overestimated. A diagnostic trial study was designed to evaluate the performance of APACHE II, 
Marshall and BISAP in a city 2640 m above sea level. A ROC analysis was performed to estimate the 
AUC of each of the scores, to evaluate the performance in predicting unfavorable outcomes (defined 
as the need for percutaneous drainage, surgery, or mortality) and a non‑parametric comparison was 
made between the AUC of each of the scores with the DeLong test. From January 2018 to December 
2019, data from 424 patients living in Bogota, with a diagnosis of gallstone pancreatitis was collected 
consecutively in a hospital in Bogota, Colombia. The ROC analysis showed AUC for predicting adverse 
outcomes for APACHE II in 0.738 (95% CI 0.647–0.829), Marshall in 0.650 (95% CI 0.554–0.746), and 
BISAP in 0.744 (95% CI 0.654–0.835). The non‑parametric comparison to assess whether there were 
differences between the different AUC of the different scores showed that there is a statistically 
significant difference between Marshall and BISAP AUC to predict unfavorable outcomes (p=0.032). 
The mortality in the group of patients studied was 5.8%. We suggest the use of BISAP to predict 
clinical outcomes in patients with a diagnosis of biliary pancreatitis in populations with decreased 
atmospheric pressure because it is an easy‑to‑use tool and does not require arterial oxygen partial 
pressure for its calculation.

Abbreviations
APACHE II  Acute Physiology and Chronic Health Evaluation II
AUC   Area under the curve
BISAP  Bedside Index for Severity in Acute Pancreatitis
ERCP  Post-endoscopic retrograde cholangiopancreatography
PaFi  Relationship between arterial oxygen partial pressure and inspired oxygen fraction

Acute pancreatitis is an inflammatory disorder of the  pancreas1; it is a common pathology, the incidence varies 
between 4.9 and 73.4 cases per 100,000  worldwide2. This incidence is increasing, and it is associated to a high 
economic burden, it depends on different countries, their health care system and the degree of  severity3.

In our institution more than 90% of acute pancreatitis are of biliary origin. Although most cases of pancreatitis 
are self-limited in terms of the patient’s systemic involvement and a non-complicated development, up to 20% 
can present local complications and up to 5% mortality depending on the degree of  severity4. For this reason, the 
Atlanta consensus recommends the classification of this pathology as mild, moderately severe or severe accord-
ing to the appearance and persistence of organic failure, and this in turn is related to its  mortality5. To establish 
this severity, there are many scoring systems, the most used are the Marshall and APACHE II (Acute Physiology 
and Chronic Health Evaluation II) systems, each one has advantages and disadvantages; but with good relation 
regarding mortality and prediction of  complications6,7.

Many of these classification systems are complex, use multiple values that are not readily available, and may 
delay an appropriate approach in patients with acute pancreatitis. The BISAP (Bedside Index for Severity in Acute 
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Pancreatitis) system was proposed as a system that uses five variables to define the severity of acute pancreatitis; 
it has demonstrated a good predictive ability for unfavorable outcomes associated with easy calculation and as 
gained ample acceptance among surgical groups around the  world8,9.

However, in populations with low barometric pressures produced by a decrease in atmospheric pressure, there 
is a decrease in partial pressure of oxygen, this happens in populations like La Paz, Quito, Toluca, Cochabamba, 
Bogota, Addis Ababa, Mexico City, Xining, Sana’a, Puebla, among others (Fig. 1); in these cases, scores such as 
Marshall and APACHE, which take arterial oxygen partial pressure as one of their variables, may be overesti-
mated, as defined normal values for the relationship between arterial oxygen partial pressure and inspired oxygen 
fraction (PaFi) may not be equivalent. This could be a potential advantage of the BISAP system, as it does not 
consider arterial oxygen partial pressure, therefore, it is independent of atmospheric pressure and could be bet-
ter correlated with disease severity by making a risk assessment of unfavorable clinical outcomes less excessive 
than the other  scores10,11.

The objective of this study is to evaluate the performance of APACHE II, Marshall and BISAP to predict 
unfavorable outcomes in a city 2640 m above sea level.

Methods
From January 2018 to December 2019, data from 424 patients living in Bogota, with a diagnosis of gallstone 
pancreatitis, per the Atlanta Consensus  criteria5, was collected consecutively in a hospital in Bogota, Colombia. 
The variables were collected in an anonymous database. The study was performed according to the list of essential 
items reporting diagnostic accuracy  studies12.

Patients under 18 years of age, with non-biliary pancreatitis, cases of chronic or recurrent pancreatitis, from 
another city and patients with absence of all variables to calculate severity scores were excluded.

All patients were managed according to the institutional protocol based on international guidelines, with a 
step-up  approach9,13,14, and patients with pancreatitis classified as severe according to APACHE II or Marshall 
were admitted to the Intensive Care  Unit5.

The predictive ability of the APACHE II, Marshall, and BISAP scores for unfavorable outcomes defined as the 
need for percutaneous drainage, surgery, or mortality was evaluated. The cut-off points with which we consider 
the severity of pancreatitis are shown in Table 1 for the different scores.
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Figure 1.  Atmospheric pressure and partial pressure of oxygen according to the altitude where the population 
is located.

Table 1.  Cut-off points to define the severity of pancreatitis.

Score Points Severity

Marshall
0–1 Mild

≥ 2 Severe

APACHE II
0–7 Mild

≥ 8 Severe

BISAP
0–2 Mild

≥ 3 Severe
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This study did not represent any intervention on the patients and all the information was collected retrospec-
tively from their medical records. For this reason, it is considered at risk-free study according to Colombian law. 
The confidentiality of individual data was preserved. Upon admission to the institution, patients gave a written 
informed consent to use their clinical information for research purposes. The study protocol and statistical 
analysis was approved by the research committee of the Hospital Universitario Mayor-Méderi and by the ethics 
committee of Universidad del Rosario (number DVO005 1120-CV1218).

Statistical analysis. A description of the demographic variables collected the clinical results, and the pre-
dictive scores was made. Categorical variables were described in rates, and continuous variables were described 
in means. A univariate analysis (chi square test and Mann–Whitney test) was then performed to evaluate differ-
ences between demographic and clinical variables according to the severity of pancreatitis considering a statisti-
cally significant difference (p < 0.05).

A ROC analysis was performed to estimate the area under the curve (AUC) of each of the scores, to evaluate 
the performance in predicting unfavorable outcomes. A non-parametric comparison was made between the 
AUC of each of the scores with the DeLong  test15.

The entire analysis was performed in  SPSS®26, considering a statistically significant p < 0.05.

Ethical standards. Ethical compliance with the Helsinki Declaration, current legislation on research Res. 
008430-1993 and Res. 2378-2008 (Colombia) and the International Committee of Medical Journal Editors 
(ICMJE) were ensured under our Ethics and Research Institutional Committee (IRB) approval. Informed con-
sent was filled out as required for the execution of this study.

Results
A total of 424 patients were included in the study, the flow chart shows the selection process (Fig. 2). 43 patients 
with post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis were excluded. There were no 
alcohol-induced acute pancreatitis and no lipidemia-induced acute pancreatitis because in our population they 
are infrequent etiologies and without surgical follow-up. All patients were calculated the different scores at the 
time of admission.

The patients evaluated had a mean age of 60.69 ± 19.94 and there was a female predominance (62.74%), the 
other characteristics can be observed in Table 2.

In the univariate analysis according to the severity of the different scores, we found that there were differences 
in mortality if the APACHE II or BISAP score were severe, while Marshall showed no differences. On the other 
hand, we found differences in the surgical requirement for the three scores and for the percutaneous drainage 
requirement there were no statistically significant differences (Table 3).

The ROC analysis showed AUC for predicting unfavorable outcomes for APACHE II in 0.738 (95% CI 
0.647–0.829), Marshall in 0.650 (95% CI 0.554–0.746), and BISAP in 0.744 (95% CI 0.654–0.835) (Fig. 3).
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Figure 2.  Flowchart of the study selection process.



4

Vol:.(1234567890)

Scientific Reports |        (2022) 12:19518  | https://doi.org/10.1038/s41598-022-21789-x

www.nature.com/scientificreports/

Table 2.  Demographic and clinical characteristics.

N (%)

Age (mean ± SD) (years) 60.69 ± 19.94

Gender

Female 266 (62.74)

Male 158 (37.26)

Co-morbidity

 Hypertension 83 (19.58)

 Diabetes mellitus 37 (8.73)

 COPD 33 (7.78)

 History of malignant disease 32 (7.55)

 Others 127 (29.95)

PaFi 275.75 ± 64.75

APACHE II (mean ± SD) (points) 8.44 ± 4.23

Marshall (mean ± SD) (points) 1.92 ± 1.09

BISAP (mean ± SD) (points) 1.35 ± 1,11

Local complications 60 (14.15)

Days in hospital (mean ± SD) (days) 10.38 ± 8.95

Days in ICU (mean ± SD) (days) 2.82 ± 5.27

Percutaneous drainage 6 (1.42)

Surgery 18 (4.25)

Mortality 25 (5.9)

Table 3.  Characteristics according to severity scores. *p-values < 0.05 were statistically significant.

APACHE II Marshall BISAP

< 8 (N = 175) ≥ 8 (N = 249) < 2 (N = 140) ≥ 2 (N = 284) < 3 (N = 364) ≥ 3 (N = 60)

Age (mean ± SD) (years) 46.00 ± 17.62* 71.01 ± 14.19* 48.79 ± 19.66* 66.56 ± 17.32* 58.01 ± 19.87* 76.95 ± 10.43*

Gender (%)

Female 124 (70.86)* 142 (57.03)* 102 (72.86) * 164 (57.75) * 234 (64.29) 32 (53.33)

Male 51 (29.14)* 107 (42.97)* 38 (27.14)* 120 (42.25)* 130 (35.71 28 (46.67)

Co-morbidity (%)

Hypertension 24 (13.71)* 59 (23.69)* 19 (13.57)* 64 (22.54)* 66 (18.13) 17 (28.33)

Diabetes mellitus 7 (4.00)* 30 (12.05)* 7 (5.00) 30 (10.56) 32 (8.79) 5 (88.33)

COPD 6 (3.43)* 27 (10.84)* 6 (4.29) 27 (9.51) 24 (6.59)* 9 (15.00)*

History of malignant disease 8 (4.57) 24 (9.64) 11 (7.86) 21 (7.39) 22 (6.04)* 10 (16.67)*

Others 26 (14.86)* 101 (40.56)* 26 (18.57)* 101 (35.56)* 99 (27.2)* 28 (46.67)*

PaFi 299.81 ± 51.78* 258.84 ± 67.63* 327.45 ± 40.02* 250.26 ± 59.21* 279.90 ± 53.56* 250.60 ± 107.98*

Local complications (%)

Yes 16 (9.14)* 44 (17.67)* 8 (5.71)* 52 (18.31)* 47 (12.91) 13 (21.67)

No 159 (90.86) 205 (82,33) 132 (94.29)* 232 (81.69)* 317 (87.09) 47 (78.33)

Days in hospital (mean ± SD) 
(days) 7.21 ± 4.70* 12.62 ± 10.45* 8.02 ± 6.74* 11.55 ± 9.67* 9.54 ± 7.49* 15.53 ± 14.08*

Days in ICU (mean ± SD) 
(days) 0.64 ± 2.09* 4.36 ± 6.21* 0.9 ± 2.1* 3.77 ± 6.05* 2.46 ± 5.23* 5.00 ± 5.01*

Percutaneous drainage (%)

Yes 1 (0.57) 5 (2.01) 0 (0.00) 6 (2.11) 5 (1.37) 1 (1.67)

No 174 (99.43) 244 (97.99) 140 (100) 278 (97.89) 359 (98.63) 59 (98.33)

Surgery (%)

Yes 3 (1.71)* 15 (6.02)* 1 (0.71)* 17 (5.99)* 11 (3.02)* 7 (11.67)*

No 172 (98.29)* 234 (93.98)* 139 (99.29)* 267 (94.01)* 353 (96.98)* 53 (88.33)*

Mortality (%)

Alive 171 (97.71)* 228 (91.57)* 135 (96.43) 264 (92.96) 348 (95.6)* 51 (85.00)*

Died 4 (2.29)* 21 (8.43)* 5 (3.57) 20 (7.04) 16 (4,40)* 9 (15.00)*
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The non-parametric comparison to assess whether there were differences between the different AUC of the 
different scores showed that there is a statistically significant difference between Marshall and BISAP AUC to 
predict unfavorable outcomes (p=0.032).

Discussion
We included 424 patients, with biliary pancreatitis seen during 2018 and 2019; as reported in the literature, with 
biliary etiology as the main cause of acute pancreatitis. The mean age of the patients was 60.69 years, in relation 
to previous studies that have shown that pancreatitis affects people of productive  age16. As in other studies, a 
tendency was found to affect females more (62.74%), possibly because women have a higher incidence of benign 
biliary  disease17.

The mortality reported in the literature for pancreatitis may be 1% in  general6, although directly related to 
severity, in its severity forms it may reach up to 30%18; in our case the mortality in the group of patients studied 
was 5.8%; this is in relation to the fact that cases of severe pancreatitis were higher in this population and that 
our center is a regional reference center.

We found that 284 (66.98%) of the pancreatitis cases were severe according to the Marshall, 249 (58.72%) were 
severe according to the APACHE II, and 60 (14.15%) were severe according to the BISAP. This result is notori-
ous, as the data found in our population show a much higher proportion of pancreatitis classified as severe with 
APACHE II and Marshall scores, when compared to other  studies2,19; the reason for these findings is related to 
lower arterial oxygen partial pressure when compared other populations due to the altitude above sea level, so 
there is an overestimation of severity. In contrast, with BISAP, the proportion of pancreatitis classified as severe 
is more similar to that  reported19.

When we assess the predictability of the three scores to predict adverse outcomes, we find that Marshall per-
formance is below expectations and below what has been observed in other  studies20. The same may be related 
to decreased PaFi because when the PaFi is below 300 it should be assigned 2 points in the Marshall score, this 
implies that this patient is already classified as severe. Morevoer, APACHE II has a better performance in the 
prediction of unfavorable outcomes, even though the PaFi relationship is also within its variables, this is, because 
it is not the only variable that must be altered so that the score is greater than or equal to 8 which is the score 
that defines pancreatitis as severe, but other parameters must be altered. In the case of BISAP we observed that 
it is the best performing score to predict unfavorable outcomes in our population with an AUC 0.744, probably 
because it does not take PaFi into account within its variables. So, in our midst it is an alternative to consider.

When assessing whether there were differences between AUC the three scores to predict unfavorable out-
comes, we can show that there is a statistically significant higher performance of BISAP over Marshall, and there 
are no statistically significant differences between BISAP and APACHE II.

Overestimation of the severity of acute pancreatitis leads to higher hospital costs and leads these patients to 
occupy beds in the intensive care unit unnecessarily, thus increasing the days of hospital stays, exposing patients 
to complications associated with hospitalization such as infections and thrombotic diseases.

The limitations of our study lie in its retrospective nature and that we only included patients with biliary 
pancreatitis, which are predominant in our context, pancreatitis with other kinds of etiology should be evalu-
ated in another study.

These findings, allow us to suggest that the BISAP score be used for stratification of severity in all patients with 
acute biliary pancreatitis in populations where PaFi may be altered due to decreased partial pressure of oxygen 
while other studies are being conducted evaluating others scores with the PaFi adjusted to the partial pressure 
of oxygen according to atmospheric pressure. In addition, BISAP is easy to establish and has been evaluated for 
the prediction of unfavorable outcomes being an alternative comparable to APACHE II and superior to other 
 scores19,21,22.

Figure 3.  ROC curves for predicting surgical outcomes for different scores.
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Conclusions
We suggest the use of BISAP to predict clinical outcomes in patients with a diagnosis of biliary pancreatitis in 
populations with decreased atmospheric pressure because it is an easy-to-use tool and does not require arterial 
oxygen partial pressure for its calculation.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary 
information files].

Received: 8 February 2022; Accepted: 4 October 2022

References
 1. Lankisch, P. G., Apte, M. & Banks, P. A. Acute pancreatitis. Lancet [Internet] 386(9988), 85–96. https:// doi. org/ 10. 1016/ S0140- 

6736(14) 60649-8 (2015).
 2. Tenner, S., Baillie, J., Dewitt, J. & Vege, S. S. American college of gastroenterology guideline: Management of acute pancreatitis. 

Am. J. Gastroenterol. [Internet] 108(9), 1400–1415. https:// doi. org/ 10. 1038/ ajg. 2013. 218 (2013).
 3. Andersson, B. et al. Acute pancreatitis—Costs for healthcare and loss of production. Scand. J. Gastroenterol. 48(12), 1459–1465 

(2013).
 4. Hagjer, S. & Kumar, N. Evaluation of the BISAP scoring system in prognostication of acute pancreatitis—A prospective observa-

tional study. Int. J. Surg. [Internet] 54, 76–81. https:// doi. org/ 10. 1016/j. ijsu. 2018. 04. 026 (2018).
 5. Banks, P. A. et al. Classification of acute pancreatitis—2012: Revision of the Atlanta classification and definitions by international 

consensus. Gut 62(1), 102–111 (2013).
 6. Vasudevan, S. et al. Comparison of various scoring systems and biochemical markers in predicting the outcome in acute pancrea-

titis. Pancreas 47(1), 65–71 (2018).
 7. Kumar, A. H. & Griwan, M. S. A comparison of APACHE II, BISAP, Ranson’s score and modified CTSI in predicting the severity 

of acute pancreatitis based on the 2012 revised Atlanta Classification. Gastroenterol. Rep. 6(2), 127–131 (2018).
 8. Gao, W., Yang, H. X. & Ma, C. E. The value of BISAP score for predicting mortality and severity in acute pancreatitis: A systematic 

review and meta-analysis. PLoS One 10(6), 1–15 (2015).
 9. Leppäniemi, A. et al. Directrices WSES 2019 para el tratamiento de la pancreatitis aguda grave. World J. Emerg. Surg. [Internet]. 

https:// doi. org/ 10. 1186/ s13017- 019- 0247-0 (2019).
 10. Lasso Apráez, J. I. Interpretación de los gases arteriales en Bogotá (2.640 msnm) basada en el nomograma de Siggaard-Andersen. 

Una propuesta para facilitar y unificar la lectura. Rev. Colomb. Neumol. 26(1), 25–36 (2014).
 11. Montes de Oca, M., Xochiltl Padua, M., Olvera, C. & Granillo, J. Ajuste de la relacion  PaO2/FIO2 a la presion barometrica: Presion 

barometrica-PaO2/FIO2. Rev la Asoc Mex Med Crit y Ter intensiva [Internet] XXVI(1), 8–12. http:// new. medig raphic. com/ cgi- bin/ 
resum enMain. cgi? IDART ICULO= 23915 (2010).

 12. Bossuyt, P. M. et al. STARD 2015: An updated list of essential items for reporting diagnostic accuracy studies1. Radiology 277(3), 
826–832 (2015).

 13. Bhatti, U. F. & Alam, H. B. A step-up approach or open necrosectomy for necrotizing pancreatitis. N. Engl. J. Med. 316(16), 
1491–1502 (2020).

 14. Greenberg, J. A. et al. Clinical practice guideline: Management of acute pancreatitis. Can. J. Surg. 59(2), 128–140 (2016).
 15. Delong, E. R. & Carolina, N. Comparing the areas under two or more correlated receiver operating characteristic curves: A non-

parametric approach. Biometrics 44(3), 837–845 (1988).
 16. Ocampo, C., Kohan, G., Leiro, F., Basso, S., Gutiérrez, S., Perna, L. et al. Diagnóstico y tratamiento de la pancreatitis aguda en la 

Argentina. Resultados de un estudio prospectivo en 23 centros. Acta Gastroenterol Latinoam [Internet] 45(4), 295–302. http:// 
www. actag astro. org (2015).

 17. Hammad, A. Y., Ditillo, M. & Castanon, L. Pancreatitis. Surg. Clin. North Am. 98(5), 895–913 (2018).
 18. Petrov, M. S., Shanbhag, S., Chakraborty, M., Phillips, A. R. J. & Windsor, J. A. Organ failure and infection of pancreatic necrosis 

as determinants of mortality in patients with acute pancreatitis. Gastroenterology [Internet] 139(3), 813–820. https:// doi. org/ 10. 
1053/j. gastro. 2010. 06. 010 (2010).

 19. Cho, Y. S. et al. Usefulness of the bedside index for severity in acute pancreatitis in the early prediction of severity and mortality 
in acute pancreatitis. Pancreas 42(3), 483–487 (2013).

 20. Abu Omar, Y. et al. Revised Marshall score: A new approach to stratifying the severity of acute pancreatitis. Dig. Dis. Sci. 64(12), 
3610–3615 (2019).

 21. Park, J. Y. et al. Bedside index for severity in acute pancreatitis: Comparison with other scoring systems in predicting severity and 
organ failure. Hepatobiliary Pancreat. Dis. Int. [Internet] 12(6), 645–650. https:// doi. org/ 10. 1016/ S1499- 3872(13) 60101-0 (2013).

 22. Yokoe, M. et al. Japanese guidelines for the management of acute pancreatitis: Japanese Guidelines 2015. J. Hepatobiliary Pancreat. 
Sci. 22(6), 405–432 (2015).

Author contributions
G.L.-R.: Study design, acquisition of data, analysis and interpretation of data, drafting of manuscript, critical 
revision of manuscript. A.V.R.: Study conception and design, acquisition of data, critical revision of manuscript. 
F.V.B.: Study conception and design, critical revision of manuscript. C.R.-G.: Analysis and interpretation of data, 
drafting of manuscript, critical revision of manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 21789-x.

Correspondence and requests for materials should be addressed to C.R.-G.

Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1016/S0140-6736(14)60649-8
https://doi.org/10.1016/S0140-6736(14)60649-8
https://doi.org/10.1038/ajg.2013.218
https://doi.org/10.1016/j.ijsu.2018.04.026
https://doi.org/10.1186/s13017-019-0247-0
http://new.medigraphic.com/cgi-bin/resumenMain.cgi?IDARTICULO=23915
http://new.medigraphic.com/cgi-bin/resumenMain.cgi?IDARTICULO=23915
http://www.actagastro.org
http://www.actagastro.org
https://doi.org/10.1053/j.gastro.2010.06.010
https://doi.org/10.1053/j.gastro.2010.06.010
https://doi.org/10.1016/S1499-3872(13)60101-0
https://doi.org/10.1038/s41598-022-21789-x
https://doi.org/10.1038/s41598-022-21789-x
www.nature.com/reprints


7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:19518  | https://doi.org/10.1038/s41598-022-21789-x

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Prediction of severe pancreatitis in a population with low atmospheric oxygen pressure
	Methods
	Statistical analysis. 
	Ethical standards. 

	Results
	Discussion
	Conclusions
	References


