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ABSTRACT:

Background & Purpose: The prevalence of acute pancreatitis(AP) hasincreased over timeand is
one of the most important gastrointestinal causes of frequent admissions to hospital in the United
States. The cost burden of AP has been steadily increasing. The primary objective of our study
was to analyze patient demographics, cost burden, mortality and length of stay associated with

AP hospital admissions.

Methods. Nationwide inpatient sample (NI1S) database was used to identify AP admissionsin all
patients from >18 years of age from 2001 to 2014 using ICD-9-CM code 577.0 as the principal

discharge diagnosis

Results: The number of hospitalizations increased from 215,238 in 2001 to 279,145 in 2014. In-
hospital mortality decreased from 1.74% in 2001 to 0.66% in 2014. Mean length of hospital stay
has decreased from 6.1 days to 4.6 days during the same period, but the mean hospital charges
increased from $19,303 in 2001 to $35,728 in 2014. The proportion of males to females with

acute pancreatitis is slowly trending up from 2001 to 2014.

Conclusion: The number of hospitalizations due to acute pancrestitis has been steadily
increasing, and further research needs to be done on finding out the reasons for increased causes

of hospitalization and ways to decrease the cost burden on patients and hospitals.
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INTRODUCTION:

Acute pancrestitis (AP) is an inflammatory condition of the pancreas which is characterized by
abdominal pain and elevated pancreatic enzymes in the blood.(1) AP may range from a mild self-
limiting form to a more severe form (acute necrotizing pancredtitis). Gallstones and chronic
alcoholism are the two most common etiological factors associated with AP. Other causes
include drugs, infections, hyperlipidemia, trauma, hypercalcemia, HIV, neoplasms

and idiopathic.(2)

The prevalence of acute pancreatitiS(AP) has increased over time and is one of the most
important gastrointestinal causes of frequent admissionsto hospital in the United States. The cost
burden of AP has been steadily increasing. The primary objective of our study was to analyze
patient demographics, cost burden, mortality and length of stay associated with AP hospital

admissions.

METHODS:
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Nationwide inpatient sample (NIS) database was used to identify AP admissionsin all patients
from >18 years of age from 2001 to 2014 using ICD-9-CM code 577.0 as the principal discharge
diagnosis. NISisthe largest all-payer inpatient care database in the United States, containing
data on more than 7 million hospital stays. It has alarge sample size which isideal for

developing national and regional estimates.

We acarried aliterature search for etiology of acute pancrestitis using the online databases of
PubMed, Embase, Scopus, Google Scholar. We reviewed the pertinent articles about acute
pancreatitis and its etiology. The review is an attempt to provide a better understanding of the

possible various etiologic causes of acute pancredtitis.

RESULTS:

A total of 481,231,240 discharges with a diagnosis of AP were analyzed from 2001 to 2014 from
the NIS database. Table 1 summarizes the data analyzed. The number of hospitalizations
increased from 215,238 in 2001 to 279,145 in 2014. In-hospital mortality decreased from 1.74%
in 2001 to 0.66% in 2014 (Figure 1). Mean length of hospital stay has decreased from 6.1 daysto
4.6 days during the same period, but the mean hospital charges increased from $19,303 in 2001
to $35,728 in 2014. The proportion of males to females with acute pancreatitisis slowly trending
up from 2001 to 2014. Aggregate charges increased from 4.15 billion dollars to 9.98 billion

dollars.

DISCUSSION:

Gallstones are the most common cause of AP accounting for about 40 to 70 percent of cases.(3,

4). Therisk of developing AP in patients with gallstones is more significant in men. However,
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women have a higher prevalence of gallstones, and the incidence of gallstone pancrestitisis
higher in women. Patients with gallstones of size less than 5 mm are thought to be at higher risk

of gallstone pancreatitis.(5)

Alcohoal intakeis responsible for approximately 25 to 35 percent of cases of AP in the United
States.(6) Cigarette smoking might have an additive effect along with alcohol in inducing
pancreatitis. Alcohol may increase the secretion of lysosomal enzymes by acting on the
pancreatic acinar cells.(7) Although the exact pathogenesis of alcohol-induced AP is still

unclear.(8)

Serum triglyceride levels above 1000 mg/dL can cause AP.(9-11) Hypertriglyceridemia accounts
for about 1 to 14 percent of cases of AP.(12) Pancretitis secondary to hypertriglyceridemiais
usually seen in the presence of one or more factors such as diabetes, alcoholism in the presence
of an underlying common genetic abnormality like familial hypertriglyceridemia.(12, 13) Insulin
and heparin along with other measures used for AP have been proposed as the treatment for AP

dueto hypertriglyceridemia.(11)

Post-endoscopic retrograde cholangiopancreatography (ERCP) is associated with 3-5% of cases
with AP.(14) Therisk of Post ERCP AP is also related to the type of ERCP procedure being
performed.(15) Studies have shown that patients undergoing ERCP for sphincter of Oddi

dysfunction are more to develop AP when compared to other ERCP related procedures.(16)

Pancredtitis has been associated with multiple infections like Viruses (Mumps, hepatitis B,
cytomegalovirus, herpes simplex, human immunodeficiency virus), Bacteria (Mycoplasma,

Legionella, Salmonella), Fungi (Aspergillus) and Parasites (Toxoplasma, Ascaris).(17, 18)
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Mutationsin CTRC gene, CFTR gene, PRSS1 gene, SPINK1 have been implicated in
pancreatitis etiology.(19) Patients with pancreatitis due to genetic mutations usually present as
recurrent bouts of AP or childhood pancreatitis before it progresses to chronic pancretitis and

complications related to pancredtitis.

Drug-induced pancreatitisis rare and accounts for less than 5% of the cases.(20) Prognosis of
drug-induced AP is good, and mortality islow. The diagnosis of drug-induced pancreatitisis
difficult to establish asit isadiagnosis of exclusion.(21) Common drugs implicated in causing
AP include aminosalicylates, sulfonamides, diuretics, valproic acid, didanosine, pentamidine,
tetracycline, azathioprine, steroids.(22-24) Recently Glucagonlike peptide 1-based therapies have

been increasingly implicated in etiology of drug-induced AP.(25)

Idiopathic causes can account up to 25% of the causes of AP. No etiology could be found on
history, diagnogtic tests or imaging. Research has shown recently that patient with idiopathic

pancrestitis usually has complex genetic profiles.(26)

Other rare causes of pancreatitis include Pancreatic duct injury, Biliary obstruction,
Hypercalcemia, Vascular disease, Biliary sludge and microlithias's, Anatomic pancreatic

anomalies.(27-33)

CONCLUSION:

Etiology of AP can be established in most cases of AP. Although some cases can be challenging
and in some patients, we may not find any etiology (idiopathic). Understanding the etiologic and
risk factors of AP helpsin formulating an appropriate management plan and helps to decrease

the length of stay and cost associated with hospitalizations due to AP and might also lead to
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decrease in mortality dueto AP. Overall in-hospital mortality decreased but the number of
hospitalizations and mean cost has increased over the years. This represents a significant cost
burden on the healthcare system and patients. The decrease in mortality can be attributed to early
diagnosis and early institution of aggressive treatments. The number of hospitalizations due to
acute pancreatitis has been steadily increasing, and further research needs to be done on finding
out the reasons for increased causes of hospitalization and ways to decrease the cost burden on

patients and hospitals.

FUNDING:

This research received no specific grant from any funding agency.

CONFLICTSOF INTEREST:

The authors do not have any conflicts of interest to disclose.

REFERENCES:

1. Peery AF, Déllon ES, Lund J, Crockett SD, McGowan CE, Bulsiewicz WJ, et al. Burden
of gastrointestinal disease in the United States: 2012 update. Gastroenterology.

2012;143(5):1179-87 €3.

2. Zilio MB, Eyff TF, Azeredo-Da-Silva ALF, Bersch VP, Osvaldt AB. A systematic

review and meta-analysis of the aetiology of acute pancreatitis. HPB (Oxford). 2018.

3. Cucher D, Kulvatunyou N, Green DJ, Jie T, Ong ES. Gallstone pancredtitis: areview.

Surg Clin North Am. 2014;94(2):257-80.


https://doi.org/10.1101/547273
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547273; this version posted February 15, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

10.

11.

under aCC-BY-NC-ND 4.0 International license.

Forsmark CE, Baillie J, Practice AGAIC, Economics C, Board AGAIG. AGA Institute

technical review on acute pancreatitis. Gastroenterology. 2007;132(5):2022-44.

Shah AP, Mourad MM, Bramhall SR. Acute pancreatitis: current perspectives on

diagnosis and management. J Inflamm Res. 2018;11:77-85.

Yang AL, Vadhavkar S, Singh G, Omary MB. Epidemiology of alcohol-related liver and

pancreatic disease in the United States. Arch Intern Med. 2008;168(6):649-56.

Apte MV, Wilson JS, McCaughan GW, Korsten MA, Haber PS, Norton ID, €t al.
Ethanol-induced alterationsin messenger RNA levels correlate with glandular content of

pancreatic enzymes. J Lab Clin Med. 1995;125(5):634-40.

Chowdhury P, Gupta P. Pathophysiology of alcoholic pancrestitis: an overview. World J

Gastroenterol. 2006;12(46):7421-7.

Wan J, HeW, Zhu Y, Zhu Y, Zeng H, Liu P, et a. Stratified analysis and clinical
significance of elevated serum triglyceride levelsin early acute pancrestitis. a

retrospective study. Lipids Health Dis. 2017;16(1):124.

Nawaz H, Koutroumpakis E, Eadler J, Slivka A, Whitcomb DC, Singh VP, et al. Elevated
serum triglycerides are independently associated with persistent organ failure in acute

pancreatitis. Am J Gastroenterol. 2015;110(10):1497-503.

Rawla P, Sunkara T, Thandra KC, Gaduputi V. Hypertriglyceridemia-induced
pancreatitis: updated review of current treatment and preventive strategies. Clin J

Gastroenterol. 2018.


https://doi.org/10.1101/547273
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547273; this version posted February 15, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

12.

13.

14.

15.

16.

17.

18.

19.

under aCC-BY-NC-ND 4.0 International license.

Scherer J, Singh VP, Pitchumoni CS, Yadav D. Issuesin hypertriglyceridemic

pancreatitis: an update. J Clin Gastroenterol. 2014;48(3):195-203.

Fortson MR, Freedman SN, Webster PD, 3rd. Clinical assessment of hyperlipidemic

pancreatitis. Am J Gastroenterol. 1995;90(12):2134-9.

Kahaleh M, Freeman M. Prevention and management of post-endoscopic retrograde

cholangiopancreatography complications. Clin Endosc. 2012;45(3):305-12.

Baillie J. Management of Post-ERCP Pancredtitis. Gastroenterol Hepatol (N Y).

2011;7(6):390-2.

Y aghoobi M, Pauls Q, Durkalski V, Romagnuolo J, Fogel EL, Tarnasky PR, et al.
Incidence and predictors of post-ERCP pancreatitis in patients with suspected sphincter
of Oddi dysfunction undergoing biliary or dual sphincterotomy: results from the EPISOD
prospective multicenter randomized sham-controlled study. Endoscopy.

2015;47(10):884-90,

Parenti DM, Steinberg W, Kang P. Infectious causes of acute pancreatitis. Pancreas.

1996:13(4):356-71.

Rawla P, Bandaru SS, Vélipuram AR. Review of Infectious Etiology of Acute

Pancrestitis. Gastroenterology Res. 2017;10(3):153-8.

Whitcomb DC. Genetic risk factors for pancrestic disorders. Gastroenterology.

2013;144(6):1292-302.


https://doi.org/10.1101/547273
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547273; this version posted February 15, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC-ND 4.0 International license.

20.  Spanier BW, Tuynman HA, van der Hulst RW, Dijkgraaf MG, Bruno MJ. Acute
pancreatitis and concomitant use of pancreatitis-associated drugs. Am J Gastroenterol.

2011;106(12):2183-8.

21. Badalov N, Baradarian R, Iswara K, Li J, Steinberg W, Tenner S. Drug-induced acute
pancrestitis: an evidence-based review. Clin Gastroenterol Hepatol. 2007;5(6):648-61,;

quiz 4.

22.  Sadr-Azodi O, Mattsson F, Bexlius TS, Lindblad M, Lagergren J, Ljung R. Association
of oral glucocorticoid use with an increased risk of acute pancreatitis. a population-based

nested case-control study. JAMA Intern Med. 2013;173(6):444-9.

23. RawlaP, Rg JP. Doxycycline-Induced Acute Pancreatitis: A Rare Adverse Event.

Gastroenterology Res. 2017;10(4):244-6.

24.  Jones MR, Hall OM, Kaye AM, Kaye AD. Drug-induced acute pancrestitis. a review.

Ochsner J. 2015;15(1):45-51.

25. Singh S, Chang HY, Richards TM, Weiner JP, Clark JM, Segal JB. Glucagonlike peptide
1-based therapies and risk of hospitalization for acute pancreatitis in type 2 diabetes
mellitus: a population-based matched case-control study. JAMA Intern Med.

2013;173(7):534-9.

26. Jalaly NY, Moran RA, Fargahi F, Khashab MA, Kamal A, Lennon AM, et al. An

Evaluation of Factors Associated With Pathogenic PRSS1, SPINK1, CTFR, and/or


https://doi.org/10.1101/547273
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547273; this version posted February 15, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC-ND 4.0 International license.

CTRC Genetic Variantsin Patients With Idiopathic Pancreatitis. Am J Gastroenterol.

2017;112(8):1320-9.

27. Debi U, Kaur R, Prasad KK, Sinha SK, Sinha A, Singh K. Pancreatic trauma: a concise

review. World J Gastroenterol. 2013;19(47):9003-11.

28.  Abdalah AA, Krige JE, Bornman PC. Biliary tract obstruction in chronic pancrestitis.

HPB (Oxford). 2007:9(6):421-8.

29.  Kumar A, Kumar PG, Pujahari AK, Sampath S. Hypercalcemia Related Pancreatitis. Med

J Armed Forces India. 2010;66(4):385-6.

30. SunkaraT, Caughey ME, RawlaP, Yarlagadda KS, Gaduputi V. Severe Acute
Pancrestitis as an Index Clinical Manifestation of Parathyroid Adenoma. Cureus.

2018:10(4):€2445.

31.  Prinz RA. Mechanisms of acute pancrestitis. Vascular etiology. Int J Pancreatol.

1991;9:31-8.

32.  Turkvatan A, Erden A, Turkoglu MA, Yener O. Congenital variants and anomalies of the
pancreas and pancrestic duct: imaging by magnetic resonance
cholangiopancreati cography and multidetector computed tomography. Korean J Radiol.

2013;14(6):905-13.

33.  LeeSP, Nichalls JF, Park HZ. Biliary sludge as a cause of acute pancrestitis. N Engl J

Med. 1992;326(9):589-93.


https://doi.org/10.1101/547273
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547273; this version posted February 15, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC-ND 4.0 International license.


https://doi.org/10.1101/547273
http://creativecommons.org/licenses/by-nc-nd/4.0/

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Mortality(%)


https://doi.org/10.1101/547273
http://creativecommons.org/licenses/by-nc-nd/4.0/

Year [~]2014 [+]2013 [-]2012 [-]2011 [-|2010 [-]2009 [~|2008 [-|2007 [-]2006 [-]2005 [-]|2008 [-|2003 [-]2002 [~]2001 |[-]

|Sample Size, n 35,358,818 35,597,792 36,484,846 36,962,415 37,352,013 37,734,584 ( 38,210,889 38,155,908 38,076,556 37,843,039 37,496,978 37,074,605 36,523,831 36,093,550
|Acute pancreatitis 279,145 274,775 275,170 276,954 277,050 262,605 260,856 246,536 249,361 243,092 246,227 238,306 235,589 215,238

|Males(%) 50.4 50.52 50.3 50.54 50.11 50.32 50.67 50.72 50.82 50.81 50.96 50.79 50.6 50.61
|Females(%) 52.12 52.19 9221 52.64 52.14 52.6 52.86 53.1 53.55 53.72 53.98 54.21 54.16 55.02
| Mortality(%) 0.66 0.76 0.78 0.81 0.9 0.96 0.99 0.99 1.02 119 1.36 1.43 1.6 1.74
|Mean LOS(d) 4.6 4.7 4.7 4.9 5 5:1 5.3 5.3 535 5.5 5.7 5.8 5.9 6.1

|Mean hospital Ch: 35,728 34,897 33,744 34,116 32,413 31,231 30,454 28,808 26,544 25,183 23,525 23,471 20,870 19,303
Aggregate Charge: 9.98 9.58 9.27 9.43 8.98 8.21 7.94 7.09 6.64 6.13 5.8 5.6 4.92 4.15
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