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ABSTRACT

المرضى  البنكرياس في  السوائل حول  الأهداف: حساب مدى حدوث تجمع 
الذين يعانون من التهاب البنكرياس الحاد. الهدف الثانوي هو تحديد أسباب 

حدوث مرض التهاب البنكرياس الحاد.

المستوى  من  مستشفى  في  رجعي  بأثر  حشدية  دراسة  أجريت  المنهجية: 
الثالث في الرياض. تم تحليل البيانات من المرضى الذين تم تشخيصهم بالتهاب 
البنكرياس الحاد بين يناير 2008م ويناير 2021م. استوفى 327 مريضاً معايير 
الاشتمال والاستبعاد وتم تضمينهم في الدراسة. تمت مراجعة سجلاتهم الطبية 
لاحقًا لوجود أو عدم وجود تجمع سوائل حول البنكرياس في دراسات الأشعة 
بالمنظار  الصفراوية  القناة  تصوير  إجراء  الصفراوية،  الحصوات  وجود  المتابعة، 

سابقًا، وتعاطي الكحول، والمتغيرات الديموغرافية.

النتائج: من بين 327 مريضاً مصاباً بالتهاب البنكرياس الحاد، أصيب 158 
)%48.3( منهم بتجمع السوائل حول البنكرياس. كان لدى غالبية المرضى 
المرتبطة  المسببات  تليها  الحاد،  البنكرياس  المصدر لالتهاب  مسببات مجهولة 
القناة  تصوير  بعد  ما  كمضاعفة  بنكرياس  التهاب  ثم  المرارة،  بحصوات 

الصفراوية بالمنظار، ومسببات أخرى.

المرضى  في  البنكرياس  حول  السوائل  تجمع  حدوث  نسبة  كانت  الخلاصة: 
2021م  ويناير  2008م  يناير  بين  الحاد  البنكرياس  التهاب  من  يعانون  الذين 
هي  الحاد  البنكرياس  لالتهاب  شيوعًا  الأكثر  السبب  كان   .48.3% تساوي 
حالات مجهولة المصدر، تليها حالات متعلقة بحصوات المرارة، يليها التهاب 
بنكرياس كمضاعفات ما بعد تصوير القناة الصفراوية بالمنظار. من الضروري 
إجراء مزيد من الدراسات التي تبحث في المضاعفات المحلية لالتهاب البنكرياس 

للوصول إلى استنتاجات أكثر تحديدًا.

Objectives: To calculate the incidence of acute 
peripancreatic fluid collection (APFC) in patients 
with acute pancreatitis. The secondary objective 
is to determine the underlying etiologies of acute 
pancreatitis in the Saudi population.

Methods: A retrospective cohort study was carried 
out at King Khalid University Hospital, King Saud 
University, Riyadh, Saudi Arabia. The study analyzed 
data from patients who were diagnosed with acute 
pancreatitis between January 2008 and January 
202. A total of 327 were included in the study after 
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applying the inclusion and exclusion criteria. Their 
medical records were subsequently reviewed for the 
presence or absence of APFC on follow-up imaging 
studies, evidence of biliary stones, prior endoscopic 
retrograde cholangiopancreatography (ERCP), a 
history of alcohol use, and demographic variables.

Results: Of the 327 patients with acute pancreatitis, 
158 (48.3%) developed APFC, while 169 (51.7%) 
did not. The majority of patients had an idiopathic 
etiology of acute pancreatitis (n=251; 76.8%); 
followed by a biliary etiology (n=51; 15.6%); post-
ERCP complications (n=14; 4.3%), and other causes 
(n=11; 3.3%).

Conclusion: The incidence of APFC in patients 
presenting with acute pancreatitis between January 
2008 and January 2021 was 48.3%. The most 
common etiology of acute pancreatitis in this tertiary 
care hospital was idiopathic, followed by biliary 
etiologies and post-ERCP complications. More studies 
targeting the local complications of pancreatitis are 
needed to reach more definitive findings.

Keywords: acute pancreatitis, peripancreatic fluid 
collections, incidence, CT scan, retrospective cohort
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Acute pancreatitis (AP) is characterized by the 
autodigestion of the pancreas by pancreatic enzymes, 

which are activated following the obstruction of the 
pancreatic ducts.1 Acute pancreatitis is associated with 
a high level of morbidity and mortality, with mortality 
rates reaching up to 10% of patients.2 The diagnosis of 
AP requires 2 of the following 3 features: abdominal 
pain consistent with AP, serum lipase or amylase 
activity (at least 3 times greater than the upper limit 
of normal), and characteristic findings of AP through 
contrast-enhanced computed tomography (CT), 
magnetic resonance imaging (MRI), or transabdominal 
ultrasonography (US).3 Alcohol consumption and 
biliary stone obstruction are the most common causes 
of AP internationally. However, there are a variety of less 
common structural, metabolic, and iatrogenic causes.4,5

The roles of early computed tomography (CT) scans 
in patients with AP include supporting the clinical 
diagnosis in equivocal cases, providing a prognostic 
indicator, and assessing complications. Therefore, they 
are usually conducted soon after admission.6 Local 
complications of AP include acute peripancreatic fluid 
collection (APFC), pseudocyst formation, acute necrotic 
collection, and walled-off necrosis. Acute peripancreatic 
fluid collection is a fluid collection that usually develops 
in the first 4 weeks of AP. Computed tomography scans 
show fluid collection around the pancreas in the absence 
of a fibrotic outer wall. Al though CT scans are the most 
common modality used for the detection of APFC’s, 
MRI’s and endoscopic US has been shown to be more 
accurate.7,8

Although APFC is mostly treated conservatively 
and resolves spontaneously, intervention is indicated 
when infection occurs. These interventions include 
percutaneous, endoscopic, and surgical drainage.9 A 
study by Kim et al11 found that among patients with 
alcoholic pancreatitis, those who developed APFC 
tend to have to have a severe course of AP with higher 
morbidity and mortality rates.10 Additionally,  Kim et 
al11 found that patients with APFC had longer hospital 
stay compared to those with no fluid collection. 

A study by Al-Lehibi et al12 found that admissions 
due to AP in a Saudi hospital were 35.7 admissions/
year and biliary was the most common etiology. Earlier 
studies in Saudi Arabia at other tertiary care centers 

demonstrated an incidence of 5.2 admissions/year and 
18.2 per year with similar etiological conclusions.13,14 

Though inconclusive, these findings could indicate that 
the incidence of AP maybe trending upwards. As such 
more studies on AP are needed.

This study aims to identify the incidence of APFC 
in patients presenting with AP. Its hypothesis is that the 
incidence of APFC is going to be in most AP cases and 
that biliary pancreatitis is the most common etiology 
of AP

Methods. This retrospective cohort study was 
carried out at King Khalid University Hospital, Riyadh, 
Saudi Arabia. The required data was gathered using an 
Electronic System for Integrated Health Information,  
Picture Archiving and Communication System, and 
a Radiology Information System (RIS). The inclusion 
criteria of this study are i) age above 18 years old, 
ii) patients diagnosed with AP, and iii) the availability 
of follow-up imaging within 4 weeks of admission. The 
exclusion criterion was that neither CTs nor MRIs were 
not carried out within 4 weeks of admission.

After obtaining ethical approval from the hospital’s 
Institutional Review Board, the keyword pancreatitis 
was used to search the RIS between January 2008 and 
January 2021, and 615 studies were collected. Patients 
without a confirmed AP diagnosis were excluded, 
resulting in 351 patients. Relevant inclusion and 
exclusion criteria were applied, which resulted in a 
sample of 327 patients. The process of sample selection 
is shown in Figure 1. Demographic data from the time 
of presentation included age, gender, and nationality 
is shown on Table 1. Details regarding AP included 
the presence or absence of a biliary stone, suspected 
etiology, and subsequent diagnostic and follow-up 
imaging studies for the presence or absence of APFC 
is shown in Table 2. An example of a patient with 
APFC is provided in Figure 2. Cases classified as biliary 
pancreatitis included patients with choledocholithiasis 
and patients with a dilated common bile duct (CBD), 
as indicated in Figure 3, and patients with gallstones 
in the gallbladder, as shown in Figure 4. Cases of 
pancreatitis caused by alcohol or endoscopic retrograde 
cholangiopancreatography (ERCP) were classified based 
on the patient’s medical history. Cases with an idiopathic 
etiology showed no evidence of these etiologies. 

Statistical analysis. Our data was analyzed using the 
Statistical Package for the Social Sciences, version 24.0 
(IBMCorp, Armonk, NY, USA). The histogram and the 
statistical Kolmogorov–Smirnov test were used to assess 
the normality assumption of continuous variables.

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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Results. The demographic data of the patient 
population is presented in Table 1. The median age of 
the patients was found to be 45 years, 56.4% of whom 
were males. A total of 46.8% of patients were below 45 
years old, while 34.8% and 18.4% were between 45-65 
years old and above 65 years old. The sample of analyzed 
patients mainly consisted of Saudis (92.7%). Table 2 
shows descriptive statistics on AP. CT scans comprised 
71.6% of the modalities used, while MRIs comprised 
28.4%. Of the 327 patients in the sample, 158 (48.3%) 
developed APFC, while 169 (51.7%) did not. The 
majority of AP cases (n=251; 76.8%) had idiopathic 
etiologies, followed by biliary etiologies (n=51; 15.6%), 
and (n=14; 4.3%) were post-ERCP complications.

Discussion. The objectives of this study were to 
determine the incidence of APFC in patients presenting 
with AP and to determine the underlying etiologies of 
AP in the Saudi population. Patients under 45 years old 
comprised 46.8% of the total sample. A total of 34.8% 
of patients were 45-65 years old, and 18.4% were over 
65 years old.

A total of 48.3% of patients developed APFC. This 
finding is consistent with international literature, in 
which multiple studies have shown an incidence of 
30%–60%. Although this study’s incidence rate is at the 
higher level of this range, studies among Korean, German, 
and American populations had lower incidence rates of 
42%, 37%, and 34%, respectively.8,15,16 However, the 
calculated incidence is not aligned with previous local 

Table 1 - Demographic data of patients presenting with acute 
pancreatitis.

Characteristics n %
Gender

Female 142 43.4
Male 185 56.4

Age (years), median (quartiles 1 & 3) 45  (34, 59)
Age group

<45 153 46.8
45-65 114 34.8
>65 60 18.4

Nationality
Saudi 303 92.7
Non-Saudi 24 7.3

Table 2 - Descriptive statistics of radiological data of patients 
presenting with acute pancreatitis.

Statustics n %
Etiology of pancreatitis

Idiopathic 251 76.8
Biliary etiology 51 15.6
ERCP 14 4.3
Tumor 5 1.5
Other 6 1.8

Imagine modalities
CT 234 71.6
MRI 93 28.4

Peripancreatic fluid 
No 169 51.7
Yes 158 48.3

ERCP: endoscopic retrograde cholangiopancreatography, CT: 
computed tomography, MRI: magnetic resonance imaging

Figure 1 - Flowchart demonstrating sample selection process.
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Figure 3 - Computed tomography scan of a patient with common bile 
duct dilation (arrow).

Figure 4 - Computed tomography scan of a patient with gallstones 
(arrow).

Figure 2 - Computed tomography scan of a patient with peripancreatic fluid 
collection (arrow). 
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studies, in which the incidence was 9% and 24%.11,17 
This study’s higher incidence of APFC is likely because 
it only included patients with a severe enough disease 
course to undergo follow-up imaging therefor excluding 
patients with milder disease courses who did not have 
follow up imaging. Due to the varied incidence rates of 
peripancreatic fluid collection, many studies have been 
carried out to determine its predictors. Diculescu et al18 
investigated many of these supposed predictors. Among 
them, only the presence of ascites was significantly 
associated with fluid collection. A study by Maringhini 
et al5 indicated that fluid collection occurred less 
frequently in patients with biliary pancreatitis than in 
those with other etiologies of pancreatitis. They also 
found that biliary pancreatitis was associated with a 
higher likelihood of a spontaneous resolution of fluid 
collection.5 This finding is similar to findings found 
on a study by Cui et al,8 which showed that alcoholic 
etiologies were more significantly associated with fluid 
collection than biliary etiologies. Older age and higher 
C-reactive protein levels 48 hours after admission were 
also found to be significant risk factors.

The study cohort’s most common etiology of AP was 
idiopathic, followed by biliary etiologies. These findings 
contradict most of the literature, in which biliary and 
alcoholic pancreatitis are the most common etiologies. 
The reason for this contradiction is that our main 
inclusion criteria was undergoing follow-up imaging 
within four weeks of presentation even if they have had 
ultrasounds. Many patients only received ultrasounds at 
presentation to determine the type of etiology without 
undergoing follow-up imaging, possibly limiting the 
inclusion of a significant number of AP cases with 
underlying biliary stone etiology. Therefore, this study 
was vulnerable to selection bias, as CT scans only detect 
a radio-opaque subtype of biliary stones and miss 
radiolucent stone subtypes. Interestingly, no cases of 
alcoholic pancreatitis were found among the collected 
data. A possible explanation for this is that alcohol 
is prohibited in Saudi Arabia, which, as other Saudi 
studies have found,reduces occurrences of alcoholic 
pancreatitis.12-14,19 Another is that patients did not 
disclose alcohol usage due to the sensitivity of this topic 
in Saud Arabia.

This study is significant for providing a baseline for 
how often clinicians can expect to find peripancreatic 
fluid collection, one of the prognostic indicators of the 
severity of pancreatitis, through follow-up imaging. 
That knowledge, in turn, may help predict the level 
of care a patient might require because AP cases with 
peripancreatic fluid collection have been associated 
with a more severe disease course than those without it.8

Study limitations. Despite this study’s potential 
significance, it has limitations, such as a selection 
bias caused by limiting the inclusion of patients to 
those who had follow-up scans. This limitation led 
to more AP cases with idiopathic causes rather than 
biliary etiologies. The lack of ultrasound studies also 
contributed to this limitation. However, this was 
addressed by listing patients with a high likelihood of 
biliary etiology under biliary etiology. These patients 
included those with CBD dilation and gallstones 
who did not necessarily have choledocholithiasis. 
Another limitation was the poor documentation of 
alcohol use among patients, resulting in no cases being 
listed as alcoholic pancreatitis. Therefore, this study’s 
generalizability may have been limited.

In conclusion, APFC is one of many local 
complications contributing to the disease’s burden. 
This study found that peripancreatic fluid collection 
occurred in 48.7% of patients who presented with AP. 
It also found that the most common etiology of AP 
is idiopathic, followed by biliary etiology and ERCP-
complicated pancreatitis. Studies investigating the risk 
factors for the development of APFC are necessary 
to explain the discrepancy in incidence rates found 
across multiple studies. More studies investigating 
peripancreatic fluid collections are needed to reach 
more solid conclusions. Accordingly, a follow-up study 
investigating the different risk factors associated with 
APFC will be performed on the same patient population 
and at the same hospital.

Acknowledgment. The authors would like to acknowledge 
Scribber (www.Scribber.com) for the English language editing.

References
  
  1. Glasbrenner B, Adler G. Pathophysiology of acute pancreatitis. 

Hepatogastroenterology 1993; 40: 517-521.
  2.  Lankisch PG, Schirren CA, Kunze E. Undetected fatal acute 

pancreatitis: why is the disease so frequently overlooked? Am J 
Gastroenterol 1991; 86: 322-326.

  3.  Peery AF, Crockett SD, Murphy CC, Lund JL, Dellon ES, 
Williams JL, et al. Burden and cost of gastrointestinal, liver, 
and pancreatic diseases in the United States: Update 2018. 
Gastroenterology 2019; 156: 254-272.e11.

  4.  Banks PA, Conwell DL, Toskes PP. The management of acute 
and chronic pancreatitis. Gastroenterol Hepatol (N Y) 2010; 6: 
1-16.

  5.  Maringhini A, Uomo G, Patti R, Rabitti P, Termini A, Cavallera 
A, et al. Pseudocysts in acute nonalcoholic pancreatitis (incidence 
and natural history). Dig Dis Sci 1999; 44: 1669-1673.

  6.  Greenberg JA, Hsu J, Bawazeer M, Marshall J, Friedrich JO, 
Nathens A, et al. Clinical practice guideline: management of 
acute pancreatitis. Can J Surg 2016; 59: 128-140.

http://www.smj.org.sa/index.php/smj/index
https://pubmed.ncbi.nlm.nih.gov/8119636/
https://pubmed.ncbi.nlm.nih.gov/8119636/
https://pubmed.ncbi.nlm.nih.gov/1705388/
https://pubmed.ncbi.nlm.nih.gov/1705388/
https://pubmed.ncbi.nlm.nih.gov/1705388/
https://pubmed.ncbi.nlm.nih.gov/30315778/
https://pubmed.ncbi.nlm.nih.gov/30315778/
https://pubmed.ncbi.nlm.nih.gov/30315778/
https://pubmed.ncbi.nlm.nih.gov/30315778/
https://pubmed.ncbi.nlm.nih.gov/20567557/
https://pubmed.ncbi.nlm.nih.gov/20567557/
https://pubmed.ncbi.nlm.nih.gov/20567557/
https://pubmed.ncbi.nlm.nih.gov/10492151/
https://pubmed.ncbi.nlm.nih.gov/10492151/
https://pubmed.ncbi.nlm.nih.gov/10492151/
https://pubmed.ncbi.nlm.nih.gov/27007094/
https://pubmed.ncbi.nlm.nih.gov/27007094/
https://pubmed.ncbi.nlm.nih.gov/27007094/


1346

Incidence of fluid collections ... Molla et al

Saudi Med J 2022; Vol. 43 (12)     https://smj.org.sa      

  7. Dhaka N, Samanta J, Kochhar S, Kalra N, Appasani S, Manrai 
M, Kochhar R. Pancreatic fluid collections: What is the ideal 
imaging technique? World J Gastroenterol 2015; 21: 13403-
13410.

  8.  Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson 
CD, Sarr MG, et al. Classification of acute pancreatitis--2012: 
revision of the Atlanta classification and definitions by 
international consensus. Gut 2013; 62: 102-111.

  9.  Cui ML, Kim KH, Kim HG, Han J, Kim H, Cho KB, et 
al. Incidence, risk factors and clinical course of pancreatic 
fluid collections in acute pancreatitis. Dig Dis Sci 2014; 59: 
1055–1062.

10. Bezmarević M, van Dijk SM, Voermans RP, van Santvoort HC, 
Besselink MG. Management of (Peri) pancreatic collections in 
acute pancreatitis. Visc Med 2019; 35: 91-96.

11.  Kim DB, Chung WC, Lee JM, Lee KM, Oh JH, Jeon EJ. 
Analysis of factors associated with the severity of acute 
pancreatitis according to etiology. Gastroenterol Res Pract 
2017; 2017: e1219464.

12.  Al Lehibi A, Wani MA, Al Mtawa A, Ahmad S, Azhar T, Al 
Sayari K, et al. Acute pancreatitis: an exploratory, cross-sectional, 
single-center study of the epidemiological features of the disease 
in a sample of Saudi patients. J Epidemiol Glob Health 2019; 9: 
158-162.

13.  Singal AK, Elamin AHK, Ayoola AE. Profile of acute pancreatitis 
in Jizan, Saudi Arabia. Saudi Med J 2003; 24: 72-75.

14.  Al-Karawi MA, Mohamed AE, Dafala MM, Yasawi MI, 
Ghadour ZM. Acute pancreatitis in Saudi patients. Saudi J 
Gastroenterol 2001; 7: 30-33.

15.  Kourtesis G, Wilson SE, Williams RA. The clinical significance 
of fluid collections in acute pancreatitis. Am Surg 1990; 56: 
796-799.

16.  Lankisch PG, Weber-Dany B, Maisonneuve P, Lowenfels 
AB. Pancreatic pseudocysts: prognostic factors for their 
development and their spontaneous resolution in the setting of 
acute pancreatitis. Pancreatology 2012; 12: 85-90.

17. Alkhiari RE, Alhujaili HN, Alkhalifah KM, Alturayri 
AS, Almijmaj MA, Juaidan R, et al. Acute pancreatitis: a 
retrospective cohort study of the epidemiological features of 
the disease in King Fahad specialist hospital, Buraydah, Qassim 
Region. IJMDC 2021; 5: 823-828.

18.  Diculescu M, Ciocîrlan M, Ciocîrlan M, Stanescu D, 
Ciprut T, Marinescu T. Predictive factors for pseudocysts 
and peripancreatic collections in acute pancreatitis. Rom J 
Gastroenterol 2005; 14: 129-134.

19. Alabdulkareem A, Almahmoud T, Al-Tahan H, Javad S, Al 
Hatlani M. Etiology and clinical characteristics of pediatric 
acute pancreatitis in Saudi Arabia: a 20-year experience from a 
single tertiary center. Int J Pediatr Adolesc Med 2018; 5: 13-17.

http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690168/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690168/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690168/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690168/
https://pubmed.ncbi.nlm.nih.gov/23100216/
https://pubmed.ncbi.nlm.nih.gov/23100216/
https://pubmed.ncbi.nlm.nih.gov/23100216/
https://pubmed.ncbi.nlm.nih.gov/23100216/
https://pubmed.ncbi.nlm.nih.gov/24326631/
https://pubmed.ncbi.nlm.nih.gov/24326631/
https://pubmed.ncbi.nlm.nih.gov/24326631/
https://pubmed.ncbi.nlm.nih.gov/24326631/
https://pubmed.ncbi.nlm.nih.gov/31192242/
https://pubmed.ncbi.nlm.nih.gov/31192242/
https://pubmed.ncbi.nlm.nih.gov/31192242/
https://pubmed.ncbi.nlm.nih.gov/29362560/
https://pubmed.ncbi.nlm.nih.gov/29362560/
https://pubmed.ncbi.nlm.nih.gov/29362560/
https://pubmed.ncbi.nlm.nih.gov/29362560/
https://pubmed.ncbi.nlm.nih.gov/31529932/
https://pubmed.ncbi.nlm.nih.gov/31529932/
https://pubmed.ncbi.nlm.nih.gov/31529932/
https://pubmed.ncbi.nlm.nih.gov/31529932/
https://pubmed.ncbi.nlm.nih.gov/31529932/
https://pubmed.ncbi.nlm.nih.gov/12590280/
https://pubmed.ncbi.nlm.nih.gov/12590280/
https://pubmed.ncbi.nlm.nih.gov/19861763/
https://pubmed.ncbi.nlm.nih.gov/19861763/
https://pubmed.ncbi.nlm.nih.gov/19861763/
https://pubmed.ncbi.nlm.nih.gov/2268109/
https://pubmed.ncbi.nlm.nih.gov/2268109/
https://pubmed.ncbi.nlm.nih.gov/2268109/
https://pubmed.ncbi.nlm.nih.gov/22487516/
https://pubmed.ncbi.nlm.nih.gov/22487516/
https://pubmed.ncbi.nlm.nih.gov/22487516/
https://pubmed.ncbi.nlm.nih.gov/22487516/
https://www.researchgate.net/publication/349136547_Acute_Pancreatitis_a_retrospective_cohort_study_of_the_epidemiological_features_of_the_disease_in_King_Fahad_Specialist_Hospital_Buraydah_Qassim_Region
https://www.researchgate.net/publication/349136547_Acute_Pancreatitis_a_retrospective_cohort_study_of_the_epidemiological_features_of_the_disease_in_King_Fahad_Specialist_Hospital_Buraydah_Qassim_Region
https://www.researchgate.net/publication/349136547_Acute_Pancreatitis_a_retrospective_cohort_study_of_the_epidemiological_features_of_the_disease_in_King_Fahad_Specialist_Hospital_Buraydah_Qassim_Region
https://www.researchgate.net/publication/349136547_Acute_Pancreatitis_a_retrospective_cohort_study_of_the_epidemiological_features_of_the_disease_in_King_Fahad_Specialist_Hospital_Buraydah_Qassim_Region
https://www.researchgate.net/publication/349136547_Acute_Pancreatitis_a_retrospective_cohort_study_of_the_epidemiological_features_of_the_disease_in_King_Fahad_Specialist_Hospital_Buraydah_Qassim_Region
https://pubmed.ncbi.nlm.nih.gov/15990931/
https://pubmed.ncbi.nlm.nih.gov/15990931/
https://pubmed.ncbi.nlm.nih.gov/15990931/
https://pubmed.ncbi.nlm.nih.gov/15990931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6363251/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6363251/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6363251/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6363251/

	Authors
	Affiliation
	ABSTRACT
	Introduction
	Methods
	References
	Acknowledgment

