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Abstract

AIM: To evaluate the effects of disease severity and
necrosis on organ dysfunctions in acute pancreatitis (AP).

METHODS: One hundred and nine patients treated as
AP between March 2003 and September 2007 with at
least 6 mo follow-up were included. Patients were clas-
sified according to severity of the disease, necrosis ratio
and localization. Subjective clinical evaluation and fecal
pancreatic elastase- I (FPE-1) were used for exocrine
dysfunction evaluation, and oral glucose tolerance test
was completed for endocrine dysfunction. The correla-
tion of disease severity, necrosis ratio and localization
with exocrine and endocrine dysfunction were investi-
gated.

RESULTS: There were 58 male and 51 female pa-
tients, and mean age was 56.5 + 15.7. Of the patients,
35.8% had severe AP (SAP) and 27.5% had pancreatic
necrosis. Exocrine dysfunction was identified in 13.7%
of the patients [17.9% were in SAP, 11.4% were in
mild AP (MAP)] and 34.7% of all of the patients had
endocrine dysfunction (56.4% in SAP and 23.2% in
MAP). In patients with SAP and necrotizing AP (NAP),
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FPE- I levels were lower than the others (P < 0.05 and
0.001 respectively) and in patients having pancreatic
head necrosis or near total necrosis, FPE-1 levels were
lower than 200 pg/g stool. Forty percent of the patients
who had undergone necrosectomy developed exocrine
dysfunction. Endocrine dysfunction was more signifi-
cant in patients with SAP and NAP (P < 0.001). All of
the patients in the necrosectomy group had endocrine
dysfunction.

CONCLUSION: Patients with SAP, NAP, pancreatic
head necrosis and necrosectomy should be followed for
pancreatic functions.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The aim of this study was to evaluate the ef-
fects of disease severity and necrosis on organ dysfunc-
tions in acute pancreatitis (AP). Exocrine and endocrne
dysfunctions were investigated according to disease
severity and necrosis ratio after acute pancreatitis.
Exocrine dysfunction was identified in 13.7% of the
patients [17.9% were in severe AP (SAP), 11.4% were
in mild AP (MAP) and 34.7% of all of the patients had
endocrine dysfunction (56.4% in SAP and 23.2% in
MAP)]. Forty percent of the patients who had under-
gone necrosectomy developed exocrine dysfunction.
Endocrine dysfunction was more significant in patients
with SAP and NAP. All of the patients in the necrosec-
tomy group had endocrine dysfunction. Patients with
SAP, NAP, pancreatic head necrosis and necrosectomy
should be followed for pancreatic functions.
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INTRODUCTION

Eighty percent of the pancreatic mass is devoted to exo-
crine function, and the remaining part is responsible for
endocrine function, which is crucial to the maintenance
of homeostasis of the bodym. Clinically, the severity of
acute pancreatitis (AP) varies significantly. Some patients
experience a mild form (mild AP, MAP) of the disease
(80%-90% of all cases), which is a self-limiting condition
with patients recovering within 3-4 d after onset of the
disease. Setious insult occurs in 20%-30% of the cases in
the first week after AP attack and mortality can be 30%
in the severe form. Pancreatic necrosis develops in 20%
of all cases™. Both the presence and extent of the ne-
crosis affects the clinical course of the disease. Necrosis
larger than 50% of the pancreatic mass significantly in-
creases the local and systemic complication rates'". There

are contradictory results from evaluations of exocrine
and endocrine dysfunction in mild and severe cases™.
In 1984 at the Marseille symposium, it was accepted that
pancreatic injury is temporary and endocrine and exo-
crine functions recover during the following month”,
But there are some contradictory reports claiming that
pancreatic injury is persistent” . Currently, it is accepted
that pancreatic function recovers in the absence of pan-
creatic necrosis and if necrosectomy is not performed' .

Previous studies have demonstrated that severity of
AP, extent of the pancreatic necrosis and the cause of
pancreatitis are closely related to the magnitude of pan-
creatic dysfunction'™"”, After severe acute pancreatitis
(SAP), Bozkurt ¢z ol and Boreham ef al™™ reported 85%
and 86% pancreatic exoctine dysfunction, respectively.
Boreham also reported 13% pancreatic exoctine dysfunc-
tion after mild cases. The etiologic factor is also corre-
lated with the level of pancreatic injury; acute pancreatitis
due to alcohol consumption may cause pancreatic dys-
function”. While it is mostly B cell injury that induces
endocrine dysfunction, insulin resistance may also con-
tribute to glucose intolerance!*'¥. Endocrine dysfunction
is reported in 15%-35% of the cases>"*'",

There is no consensus about the frequency and sever-
ity of endocrine and exocrine dysfunction due to acute
pancreatitis. Also, experts do not agree on the necessity
of enzyme supplementation following the discharge of
these patients' . Our study aimed to clarify the relation-
ship between pancreatic dysfunction, the severity of the
disease and the extent of the pancteatic necrosis.

MATERIALS AND METHODS

This study was undertaken in the Uludag University De-
partment of Surgery-Bursa, Turkey. From March 2003
to October 2007, 216 consecutive patients with AP were
evaluated in our center. This study was approved by the
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Institutional Review Board of Uludag University (Sep-
tember 11" 2007, No: 2007-14/64). Patients who died
(7 = 106) or with less than 6 mo of follow-up after onset
of the disease (# = 11) were excluded. All of the patients
were invited to the hospital to participate the study by
phone or mail. Fifty-five patients could not be contacted
due to change of address and 25 patients declined to
participate. The remaining 109 patients were included the
study, and written informed consent was obtained from
each subject.

The data of the patients who were treated for AP
were recorded prospectively in previously prepared
forms. Diagnosis of AP and determination of its etiol-
ogy were based on clinical evaluation, serum and urine
amylase (higher than three times the upper level of
normal was considered diagnostic), liver function tests,
serum triglycerides, calcium, alkaline phosphatase and
abdominal ultrasound (US) at the admission. Within 72 h
following admission, contrast enhanced abdominal com-
puted tomography (CECT) was performed. Patients with
gallstones on US were assumed to be cases of biliary
pancreatitis; patients consuming large amounts of alcohol
(but not having chronic pancreatitis) were considered as
having alcoholic pancreatitis. In patients with high levels
of serum fat (triglyceride level more than 1000 mg/dL),
hyperlipidemia was accepted as the etiological factor.
Patients with undetermined etiology wete considered to
be idiopathic cases. For prognostic evaluation and clas-
sification of the severity of the disease, the Acute and
Physiology and Chronic Health Evaluation I scoring
system (APACHE II) was used. Patients with APACHE
I = 8 were accepted as severe AP (SAP). While patients
who had < 8 score were accepted as mild AP (MAP) and
treated conservatively (fluid resuscitation only), patients
who had SAP were treated with aggressive fluid resus-
citation, nutritional support (enteral or parenteral) and
antibiotic prophylaxis. If the patient’s clinical status dete-
riorated and CECT findings revealed infected necrosis or
if fine needle aspiration cytology demonstrated infection,
they were treated surgically. The Beger procedure (open
necrosectomy and closed continuous lavage) plus feeding
jejunostomy was our treatment of choice. In some of the
cases, more conservative procedures (Ze., percutaneous
drainage) had to be undertaken due to the patient’s con-
dition.

Following designation of the participating patients
and receiving informed consent, specific questions were
asked of the patients to evaluate the clinical findings of
the pancreatic exocrine insufficiency. The findings were
recorded on the Subjective Clinical Evaluation (SCE)
form (Table 1). If a patient answered “yes” to even only
one of the questions on the SCE form, the test was ac-
cepted as positive. Exoctine pancreatic function was also
evaluated using the fecal pancreatic elastaz-1 (FPE-1)
test in a random stool sample. Patients who were having
pancreatic enzyme supplements were instructed to taper
their enzyme supplementation 1 mo before the FPE-1
test. Stool samples were collected from the patients and
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Table 1 Subjective clinical evaluation test

FPE-1 (ug/g stool)

Age/sex:
- Did DM develop after AP?

(a) yes (b) no
- Any abdominal pain, discomfort, steatorrhea, weakness, weight loss,
lack of appetite after AP?

(a) yes (b) no
- Did you use pancreatic enzyme supplementation? If so, how long time
did you use it?

(a) yes (b) no

AP: Acute pancreatitis; DM: Diabetes mellitus.

stored at -20 “C. FPE-1 level was measured by a commer-
cially available Enzyme-Linked Immunosorbent Assay kit
(Bioserv Diagnostics, BS-86-01, Rostock, Germany 2007)
according to manufacturer’s instructions. Stool elastase 1
concentration higher than 200 pg/g stool indicated not-
mal pancreatic function, whereas concentration of 100
to 200 pg/g stool indicated mild to moderate pancreatic
insufficiency, and concentrations below 100 pg/g stool
were qualified as pointing to severe pancreatic insuffi-
ciency"?.

In all of the patients without diagnosed insulin-
dependent diabetes mellitus (DM), endocrine pancreatic
function was assessed by oral glucose tolerance test
(OGTT). Measurement of glucose concentration was
made on patients who had fasted overnight and dis-
continued drugs and food that could have affected the
results. After taking blood samples for fasting blood glu-
cose measurement during the OGTT, the patients drank
75 g glucose dissolved in 300 mL, and their blood glucose
concentration was measured at 30, 60, 90 and 120 min.
Basal blood glucose levels < 120 mg/dL and between
126-200 mg/dL at 120 min were accepted as impaired
glucose tolerance. Basal glucose levels > 126 mg/dL and
> 200 mg/dL at 120 min were accepted as DM.

The association between pancreatic dysfunction (ei-
ther SCE or FPE-1 level) and disease severity and necro-
sis was investigated.

Statistical analysis

Statistical analysis was performed using SPSS 13.0 for
Windows (Chicago, IL). Non-parametric tests were
used to analyze the data. When comparing more than 3
groups, the Kruskal-Wallis test was used. Comparison
between 2 groups was made with Mann-Whitney U test.
The ;(2 test was used to compate categorical variables. A
P value of < 0.05 was considered significant.

RESULTS

Patient demographics

A total of 109 patients with a mean follow-up of 32 mo
(range: 6-48 mo) was included in this study. Fifty-cight
of the subjects were male (53.2%), and 51 were female
(46.8%). The mean age of the patients was 56.5 £ 15.7
(range: 19-89) years. The etiologies were biliary (66%),
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Figure 1 Disease severity and fecal pancreatic elastase- I level. Fecal
pancreatic elastase- I (FPE-1) level was lower in severe acute pancreatitis
(SAP) than mild acute pancreatitis (MAP) (°P < 0.05). FPE levels are 330.9
170.6 pg/g and 475.2 + 223 pug/g stool in SAP and MAP, respectively.

idiopathic (15.5%), alcohol (8.2%), hypetlipidemia (4.6%),
endoscopic retrograde cholangio-pancreatography re-
lated (2.7%) and drug-related (2.7%). According to the
APACHE 1I scoring system, 35.8% of the patients were
SAP, and the remaining were MAP. Necrosis was found
in 27.5% of the patients, and there was only pancreatic
edema in 49.6% of the patients on CECT examination.
Almost 23% of the CECT findings were noted to be
normal. While necrosis was found in 59% of the SAP
cases, it was found in 10% of MAP. On the other hand,
of the patients who had necrosis according to CECT
findings, 76.6% had SAP, and the remaining had MAP
according to APACHE 1I criteria. Twenty-six percent of
the patients who had pancreatic edema on CECT scan
had SAP.

Five patients were operated on due to infected pan-
creatic necrosis, and a Beger procedure plus feeding
jejunostomy was performed. Cystoenterostomy was
performed in 17 cases due to a pancreatic pseudocyst.
Percutaneous drainage was performed in 7 cases for
pancreatic and peripancreatic abscesses. The remaining
patients were treated medically. Before starting the study,
50.4% of the patients were taken pancreatic enzyme
supplementation.

Exocrine dysfunction after acute pancreatitis

Exocrine dysfunction was detected in 13.7% of the pa-
tients according to both subjective clinical evaluation and
the FPE-1 test. It was found in 17.9% with SAP and in
11.4% with MAP. Four patients in the SAP group had se-
vere exocrine dysfunction according to FPE-1 measure-
ment, and 11 patients had moderate exocrine dysfunction
(7 of them in the MAP and 4 in the SAP group). Disease
severity and necrosis were not associated with subjective
clinical evaluation (Table 2). FPE-1 was lower in the SAP
than MAP group and was lower in patients with necro-
tizing AP (NAP) than those without necrosis (Figures 1
and 2). FPE-1 was lower in cases with pancreatic head
or near total necrosis than patients with necrosis at other
localizations (Figure 3). This was under the critical level
of FPE-1 (200 mg/g stool). There was no significant
correlation between FPE- 1 level and subjective clinical
evaluation.
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Figure 2 Fecal pancreatic elastase- I levels and contrast enhanced
abdominal computed tomography findings. Fecal pancreatic elastase-
(FPE-1) level was significantly lower in necrotizing acute pancreatitis (NAP)
than the patients without pancreatic necrosis (°P < 0.001). FPE- I levels as fol-
lows; 292.43 + 178.78, 487 + 226.21, and 443.91 + 167.83 pg/g stool in NAP,
edematous acute pancreatitis (EAP) and normal contrast enhanced abdominal
computed tomography (CT) groups, respectively.

Table 2 The association between disease severity and contrast

enhanced computed tomography findings and exocrine
dysfunction 7 (%)

Disease severity and CT findings Exocrine dysfunction P value
SAP 7/39 (17.9) NS
MAP 8/70 (11.4) NS
NAP 8/30 (26.6)

EAP 5/54 (9.2) NS
Normal CT 2/25 (8.0)

CT: Computed tomography; SAP: Severe acute pancreatitis; MAP: Mild
acute pancreatitis; NAP: Necrotizing acute pancreatitis; EAP: Edematous
acute pancreatitis; NS: Not significant.

Endocrine dysfunction after acute pancreatitis

DM was detected in 11.9% of the cases before the AP
attack. DM and impaired glucose tolerance were detected
in 30.2% and 4.5% of the remaining cases, respectively,
according to the OGTT test. Therefore, endocrine dys-
function was noted to be present in 34.7% of the cases
(56.4% with SAP and 23.2% with MAP). According to
CECT findings, patients with necrosis had more severe
endocrine dysfunction than patients without necrosis
(endoctine dysfunction rate was 66.6% in NAP, 27.8% in
Edematous AP (EAP) and 12% in normal CECT) (Figure
4).

DISCUSSION

AP is a mediator disease caused by proinflammatory cy-
tokine release and has a clinical picture ranging from mild
disease to multiorgan failure and sepsis. The clinical pic-
ture is serious in 15%-20% of patients; complications can
develop and mortality can be seen in these patients. Pan-
creatic necrosis develops in 20%-30% of the patients®.
In this series, SAP was diagnosed in 35.8% and NAP was
determined in 27.5% of the AP cases. The fact that SAP

and NAP rates in our series are higher than those in the
literature might be due to our hospital being the tertiary
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Figure 3 Necrosis localization and fecal pancreatic elastase- I levels.
Fecal pancreatic elastase- I (FPE-1) level was lower in head and near total
necrosis of the pancreas than body or tail necrosis (*P < 0.05). FPE-1 levels as
follows; 189.18 + 82.7, 324.86 + 194, 258.06 + 134.63 and 181.12 + 134.25
ng/g stool in head, body, tail and near total necrosis groups, respectively.

cate referral center.

Currently, there is no consensus on whether or not
pancreatic functions recover and to what extent after an
AP attack. Full pancreatic functional recovery has been
reported in some studies™””, whereas others have re-
ported that both endocrine and exocrine insufficiency
might develop™'”. The research is not conclusive or suf-
ficient to answer the question. The results of previous
studies remain conflicting because of very small patient
numbers and non-homogenous etiologies that affect pan-
creatic functions. Using ineffective and non-standardized
tests can also lead to some mistakes and controversies'
In the current study, we used subjective clinical evaluation
and the FPE-1 test, which has a relatively high sensitivity
for exocrine function. Pancreatic elastase is a specific pro-
tease of humans and it undergoes minimal breakdown
during intestinal transit. Strong parallelism between stool
FPE-1 and amylase, lipase and trypsin in pancreatic juice
has been reported”? . The sensitivity of the FPE- I test
is 90% in SAP and 60%-70% in mild disease™. Although
the test is easy and used widely in many reference labo-
ratories, it is not an ideal test. But, FPE-1 test is more
reliable than the direct tests which are more expensive,
invasive and time-consuming,

Long term results after AP, in terms of pancreatic
functions are heterogeneous. The pancreatic dysfunc-
tion rate after AP ranges between 11%-85% in SAP and
13%-55% in MAP">"™'** Bozkurt ez al' reported the
results of their relatively small series. They observed mild-
moderate exoctine dysfunction rates of 74% and 81% at
1 and 18 mo follow-up, respectively. Severe exoctine dys-
function following AP was noted in 26% at 1 mo and 6%
at 18 mo. On the other hand, Ibats ¢ a/'"! observed not-
mal pancreatic exocrine function after AP in their study
of the same size. In our study, the exocrine dysfunction
rate was found to be 13.7% among the patients. This rate
was higher in the NAP group and lower in edematous
cases and among patients with normal CECT findings.
The duration between the AP attack and FPE-1 test of
patients having exocrine dysfunction was relatively long
(most of them longer than 24 mo). The relation between
pancreatic exoctine dysfunction and pancreatic necrosis
and its localization is not clear. Although no relation was
found between necrosis and subjective clinical evalua-
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Figure 4 Acute pancreatitis and endocrine dysfunction. Endocrine dysfunction was much higher in severe acute pancreatitis than mild acute pancreatitis (A) and
also much higher in necrotizing acute pancreatitis than without necrosis (B) (°P < 0.001). SAP: Severe acute pancreatitis; MAP: Mild acute pancreatitis; NAP: Necro-

tizing acute Pancreatitis; EAP: Edematous acute pancreatitis.

tion, the FPE-1 level was low in SAP, NAP and patients
with pancreatic head necrosis. FPE-1 was noted to be
under the critical threshold (< 200 pg/g stool) in patients
having head necrosis. Kemppainen ez a/” reported that
in patients with pancreatic head and body necrosis, the
complication rate was much higher than the others and
they attributed this to proximal obstruction.

As seen in some of our cases, the occurtrence of exo-
crine dysfunction or enzyme insufficiency after AP may
be independent of organ necrosis and severity of disease.
We can only speculate about the cause of this finding.
It is not ethical to biopsy the pancreas after AP. On the
other hand, measuring tissue microcirculation and organ
perfusion is not practical. We can speculate that fibrosis
and the loss of functional units might occur during the
healing period under cytokine cascade after AP attack. It
has been reported that pancreatic exoctine dysfunction is
relatively more common in the long term, especially after
NAP, and in patients with necrosectomy!**”. Exocrine
dysfunction was observed in 26.6% of NAP cases and
40% of patients who had necrosectomy in our study. We
did not analyze the FPE-1 level in different time petiods.
Therefore, from our data, we cannot draw conclusions
about the course of enzyme insufficiency over the long
term.

We have very limited data about pancreatic enzyme
supplementation and its dosage and duration after AP.
Approximately 50% of our cases were on enzyme sup-
plementation before starting the study. Interestingly, only
12.8% of these patients had exocrine dysfunction after
one month tapering of enzyme supplementation. On the
other hand, only 3 of 15 patients with exocrine dysfunc-
tion had been taking enzyme supplementation. Therefore
these results showed that enzyme supplementation re-
gimes should be questioned.

The reported rate of endocrine dysfunction after AP
is 15%-35%!"**. The rate in the present study was rela-
tively high (34.7%). In previous studies, endocrine dys-
function has been reported to occur in up to 50%-70%
of cases of necrosis or necrosectomy™ ", In our study,
endocrine dysfunction was related to disease severity and
presence of necrosis but was not related to the necrosis
ratio and localization. This finding can be also explained
with pancreatic fibrosis occurring as a result of inflam-
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mation, leading to exocrine dysfunction. In addition to
beta cell loss, increased insulin resistance is thought to
be another causal factor for endocrine dysfunction after
AP, This factor was demonstrated in an experimental
study™. In contrast to exoctine dysfunction, endocrine
dysfunction was not related to pancreatic head necrosis.
This also can be explained by the fact that islet cells are
disseminated homogenously through the organ. There-
fore islet cells localized in uninjured regions of the organ
can compensate. Endocrine dysfunction can occur with-
out necrosis if the whole pancreas is affected by fibrosis.

Necrosis is a risk factor for pancreatic dysfunction;
howevet, pancreatic dysfunction can occur without necro-
sis over the long term. It is not easy to detect pancreatic
dysfunction, especially exocrine dysfunction. Reasons for
this include: (1) There is no ideal test to detect exocrine
dysfunction; (2) Pancreatic dysfunction can be explained
by apoptosis in patients who did not have necrosis; (3)
Ultrastructural changes and fibrosis due to the healing
process in the ductal system can cause dysfunction; and
(4) Recurrent attacks might be a source of morphologic
changes and dysfunction.

In conclusion, long-term quality of life after AP
should be evaluated in SAP, NAP, patients having necro-

sectomy and patients with pancreatic head necrosis.
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