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Abstract

AIM: To evaluate the efficacy of continuous regional
arterial infusion therapy (CRAI) with gabexate mesilate
and antibiotics for severe acute pancreatitis (SAP).

METHODS: We conducted a prospective study on
patients who developed SAP with or without CRAL. Out
of 18 patients fulfilled clinical diagnostic criteria for SAP
in Japan, 9 patients underwent CRAI, while 9 patients
underwent conventional systemic protease inhibitor
and antibiotics therapy (non-CRAI). CRAI was initiated
within 72 h of the onset of pancreatitis. Gabexate
mesilate (2400 mg/d) was continuously administered
for 3 to 5 d. The clinical outcome including serum
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inflammation-related parameters were examined.
RESULTS: The duration of abdominal pain in the CRAI
group was 1.9 £ 0.26 d, whereas that in the non-CRAI
group was 4.3 = 0.50. The duration of SIRS in the
CRAI group was 2.2 = 0.22 d, whereas that in the non-
CRAI group was 3.2 £+ 0.28. Abdominal pain and SIRS
disappeared significantly in a short period of time after
the initiation of CRAI using gabexate mesilate. The
average length of hospitalization significantly differed
between the CRAI and non-CRAI groups, 53.3 £ 79 d
and 87.4 + 13.9 d, respectively. During the first two
weeks, levels of serum CRP and the IL6/IL10 ratio
in the CRAI group tended to have a rapid decrease
compared to those in the non-CRAI group.
CONCLUSION: The present results suggest that CRAI
using gabexate mesilate was effective against SAP.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Severe acute pancreatitis (SAP) remains a lethal disease.
It is defined as an inflammatory process of the pancreas
with possible peripancreatic tissue, and multi-organ
involvement inducing multi-organ dysfunction syndrome
(MODS) with an increased mortality rate. Continuous
regional arterial infusion (CRAI) with protease inhibitor
nafamostat mesilate and antibiotics has been proven to
be effective as an initial therapy in Japan®. However,
evidence supporting the benefit of CRAI in treating
acute pancreatitis is insufficient, and its advisability
according to the JPN guidelines for the management
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of acute pancreatitis is classed as “Recommendation
C”Bl, In the statement, it was described that CRAI
with protease inhibitors and antibiotics may possibly
reduce the mortality rate and incidence of infectious
complications in necrotizing pancreatitis. Actually, until
now, most cases have been treated with the protease
inhibitor nafamostat mesilate. Here, we performed CRAI
using gabexate mesilate to treat SAP, and investigated the
clinical benefits including serum inflammation-related
parameters such as cytokines and chemokines.

MATERIALS AND METHODS

Patients

The severity of acute pancreatitis was assessed within
48 h of admission according to the diagnostic criteria
for the diagnosis of acute pancreatitis by the Research
Committee for Intractable Diseases of the Pancreas in
Japan by Ministry of Health, Labour and Welfare Japan
(Tables 1 and 2)I*%. A total of 18 patients fulfilling
clinical diagnostic criteria for SAP at six participating
institutions were selected for the present study. Nine
patients underwent CRAI (CRAI group), while 9 patients
underwent conventional systemic protease inhibitor and
antibiotics therapy (non-CRAI group). Each institution
made the decision to perform CRAI or non-CRAI
therapy, so the present study was not a randomized
controlled trial. Clinical features of both groups were
shown in Table 3. All 9 patients in the CRAI group were
men, average age 48.0 * 13.4 years (mean * SD). The
cause of SAP was alcohol (# = 5), gallstone (» = 1),
hyperlipidemia (#» = 1), post-endoscopic retrograde
cholangiopancreatography (ERCP, #» = 1), or unknown
(n = 1). On the other hand, 4 of the 9 patients in
the non-CRAI group were male and 5 were female
(average age of group, 59.9 £ 15.1 years; mean = SD).
Regarding age at onset, no significant difference was
observed between CRAI group and non-CRAI group
(P = 0.0979). The causes of SAP patients in the non-
CRAI group were gallstones (# = 4), alcohol (# = 3),
post-ERCP (# = 1), or unknown (# = 1). All patients in
both groups were diagnosed as stage 2 SAP. CRAI was
initiated within 72 h of the onset of pancreatitis. A 5-Fr
shepherd’s catheter was placed in either the celiac artery
(including the splenic and gastro-duodenal arteries) or
in the supra-mesenteric artery, and gabexate mesilate
(2400 mg/d) was continuously administered for 3-5 d.
Antibiotics were administered every 12 h (panipenem
in 5 patients, meropenem in 2 patients, imipenem
in 1 patient, and piperacillin in 1 patient). Catheters
were placed in the superior mesenteric, celiac, splenic,
and gastroduodenal arteries of 3, 3, 2, and 1 patient,
respectively. Complications in one patient comprised
thrombosis of the superior mesenteric artery, and
warfarin was administered. Carbapenem antibiotics were
administered to all patients in the non-CRAI group.

Measured parameters
The duration of abdominal pain and of systemic
inflammatory response syndrome (SIRS) as well as the

Prognostic factors Clinical signs Laboratory data

Prognostic factor I~ Shock BE < -3 mmol/L

Ht < 30%

(after hydration)
BUN = 40 mg/dL or

Hemorrhagic diathesis ~ creatinine = 2.0

(2 points for each Respiratory failure

positive factor) Mental disturbance

Severe infection

mg/dL
Prognostic factor I PaO, < 60 mmHg
(1 points for each (room air)

positive factor) FBS = 200 mg/dL
Total protein < 60 g/L
LDH > 700 TU/L
Ca < 75mg/dL
Prothrombin time
=15s
Platelet count
<1x10°/mm’
CT grade IV or V

SIRS score = 3

(2 points)

Age = 70 yr (1 point)

Prognostic factor II

BE: Base excess; Ht: Hematocrit; BUN: Blood urea nitrogen; FBS: Fasting
blood sugar; LDH: Lactate dehydrogenase; SIRS: Systemic inflammatory
response syndrome. CT grade IV or V: Presence of diffuse and uneven
density in the pancreatic parenchyma or the presence of inflammatory
changes extending beyond the border of the pancreas. Severity score: Sum
of the points for the positive prognostic factors is defined as the severity
score. Standardized criteria: Severe, presence of more than one prognostic
factor I, and/or the presence of more than two prognostic factor II
(severity score = 2 points); Moderate, presence of one prognostic factor
I (severity score = 1 point); Mild, acute pancreatitis without prognostic
factor I or I (severity = 0 point).

Stage  Severity Severity No. of patients Died Mortality
score (%) rate (%)
Stage 0 0 point Mild 943 (53.3) 1 0.1
Stage1 1 point Moderate 280 (15.8) 2 0.7
Stage 2 2-8 points  Severe I 455 (25.7) 17 3.7
Stage3 9-14 points Severe II 63 (3.6) 16 25.4
Stage4 = 15 points Most severe 27 (1.5) 16 59.3
Total 1786 (100) 52 2.9

In 2004, nationwide survey of patients with acute pancreatitis in Japan who
visited the hospitals in the year 2003 (from January 1 to December 31) was
performed by stratified random sampling method. From the first survey,
the total number of patients treated for acute pancreatitis in Japan in the
year 2003 was estimated as 35300 (95% confidence interval, 30500-40000).
Clinical records of 1768 patients with acute pancreatitis were obtained
in the second survey for analysis of etiology and outcome. Number of
patients who died of acute pancreatitis or related complications.

length of hospitalization were recorded. As biochemical
markers of pancreatitis, the levels of serum pancreatic
amylase (P-amylase), the white blood counts (WBC), and
C-reactive protein (CRP) were examined on day 0 (onset
of pancreatitis), day 1, day 3, day 7, and day 14. ELISAs
were performed to determine serum IL-6, 1L-8, IL-10,
TNF-o, and MCP-1 concentrations on day 0 (onset of
pancreatitis), day 1, day 3, day 7, and 14. Samples were
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Figure 1 Changes in clinical parameters. The duration of abdominal pain (A) and of systemic inflammatory response syndrome (SIRS) (B) as well as the length of
hospitalization (C) were investigated. Grey columns represent data for continuous regional arterial infusion using gabexate mesilate with antibiotics (CRAI-group) and

white columns for non-CRAI group. Values are expressed as mean + SE.

CRAI group Non-CRAI
n=29) group (7 = 9)

Mean age 48.0+13.4 59.8 £15.1
Gender (male/female) 9/0 4/5
Cause of pancreatitis

Alcoholic 5 3

Biliary 1 4

Hyperlipidemia 1 0

post-ERCP 1 1

Idiopathic 1 1
Severity score

Mean score (range) 4.0 (2-7) 3.6 (2-7)

determined with commercially available kits according to
the manufacturer’s instructions for human IL.-6, human
11.-8, human II.-10, human TNF-o,, and human MCP-1
(Biosource, Camarillo, CA, USA).

Statistical analysis

Results are expressed as mean = SE. We analyzed the
duration of abdominal pain, SIRS as well as the length
of hospitalization using the proportional hazard model.
Serum pancreatic enzymes, inflammation-related
parameters, cytokines and chemokines were analyzed
using the non-parametric Mann-Whitney U test. P values
< 0.05 wete considered significant. Pearson’s correlation
analysis was used to calculate correlations between the
data.

RESULTS

Duration of abdominal pain, SIRS, and hospitalization

The duration of abdominal pain in the CRAI group was
1.9 £ 0.26 d (range, 1-3), whereas the duration in the
non-CRAI group was 4.3 + 0.50 (range, 3-8). Abdominal
pain disappeated significantly in a short period of time
after the initiation of CRAI with the protease inhibitor
(P = 0.0005, Figure 1A). Similarly, SIRS disappeared
significantly and shortly after the initiation of CRAI
(P = 0.0125, Figure 1B). The duration of SIRS in the
CRAI group was 2.2 £ 0.22 d (range, 1-3), whereas the
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duration in the non-CRAI group was 3.2 £ 0.28 (range,
2-4). The average length of hospitalization significantly
differed between both groups, 53.3 * 7.9 and 87.4
T 13.9 d for the CRAI and non-CRAI, respectively.
Patients in the CRAI group discharged significantly in a
short period of time after the initiation of CRAI with
gabexate mesilate (P = 0.048, Figure 1C).

Changes in serum inflammation-related parameters
P-amylase and WBC quickly decreased, with no
significant differences between the groups (Figure 2A
and B). During the first two weeks of therapy, levels
of serum CRP in the CRAI group rapidly decreased
(Figure 2C). IL-6 and IL-10 in the CRAI group rapidly
decreased in the same manner as the I11.-6/IL.-10 ratio
(Figure 2D). On the other hand, both CRP and IL-6/
IL-10 in the non-CRAI group tended to decrease slowly
with a 2-d delay in peak values compared to those in the
CRAI group, with no significant differences between the
groups. Levels of serum IL-8, TNF-a, and MCP-1 over
time did not significantly differ between the two groups
(data not shown).

DISCUSSION

Protease inhibitors are widely applied to treat acute
pancreatitis in Japan; but since randomized controlled
trials (RCTs) are difficult to conduct on patients with
acute pancreatitis, only five RCTs have been examined
gabexate mesilateU !, The results of a meta-analysis of 4
among 5 trials were negative, and indicated that gabexate
mesilate does not lower rates of surgical intervention or
mortality. One of the reason was considered as follows;
the protease inhibitors used to treat acute necrotizing
pancreatitis cannot easily reach the pancreas when
administered intravenously, and, because of ischemia
or impaired microcirculation, they hardly penetrate into
pancreatic tissuel'>". However, Chen ef a/'! conducted
an RCT and reported that continuous intravenous
administration of high doses of gabexate mesilate
(2400 mg/d) decreased the incidence of complications
and mortality. On the other hand, since Takeda e# a/
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Figure 2 Changes in serum inflammation-related parameters. The levels of serum pancreatic amylase (P-amylase) (A), the white blood counts (WBC) (B),
C-reactive protein (CRP) (C, and IL-6/IL-10 ratio D) were examined on days 0 (onset of pancreatitis), 1, 3, 7, and 14. Straight lines give data for continuous regional
arterial infusion using gabexate mesilate with antibiotics (CRAI-group) and dotted lines for non-CRAI group. Values are expressed as mean + SE. No significant

differences between the groups were observed.

described arterial infusion with a protease inhibitor
together with an antibiotic in Japan, severe acute
pancreatitis has been treated by CRAI with nafamostat
mesilate, and whereas an RCT has not been conducted,
the usefulness of CRAI has been documented!*!7],
This strategy suppresses early inflammation and
infection in pancreatic tissue, which controls subsequent
systemic inflaimmation. The level of protease inhibitor
in pancreatic tissues after CRAI using nafamostat
was 5-fold higher than that delivered by intravenous
injection, and trypsin activities in pancreatic tissues
are significantly suppressed by CRAI'. On the other
hand, the level of protease inhibitor in pancreatic
tissues after CRAI using gabexate mesilate was 32-fold
higher than that delivered by intravenous injection!*”.
However, until now, CRAI using gabexate mesilate has
not been examined sufficiently. In the present study,
therefore, we investigated the usefulness of CRAI
using gabexate mesilate for patients with SAP. The
reasons for using gabexate mesilate were as follows:
(1) Gabexate mesilate is the only intravenous protease
inhibitor that has been proven effective in an RCT!?,
(2) Gabexate mesilate has a higher anticoagulant capacity
than nafamostat mesilate®?'l. (3) Gabexate mesilate
induces less hyperkalemia even at high doses compared
to nafamostat mesilate®. (4) In Japan, most studies on
CRALI have used nafamostat mesilate, and more needs to
be understood about gabexate mesilate.

All patients in this study had stage 2 pancreatitis,

and since the severity was relatively mild, the patients
were discharged in good health without requiring
surgical intervention. The duration of pain, SIRS, and
hospitalization was shorter for the CRAI group than the
non-CRAI group. Previous studies of CRAI evaluated
the mortality rates and surgical intervention in lethal
SAP; but the present study suggested that CRAI is also
effective against relatively milder forms of non-lethal
SAP.

Blood cytokines and chemokines play important
roles in the progression of severe acute pancreatitis.
Local release of the proinflammatory cytokines, I1L-18,
TNF-a, and IL-1 upregulates IL-6. Levels of anti-
inflammatory cytokines such as IL-10 also increase
to maintain homeostasis. Excessive proinflammatory
responses advance SIRS, and activated neutrophils and
endothelial cells damage multiple organs. Ohmoto ¢ af*!
reported that, during the healing process of acute
pancreatitis, the IL.-10/11.-6 ratio initially decreased, but
increased as the pancreatitis improved. Put another way,
11.-6/11.-10 ratio reveals an increase in a more severe
stage of acute pancreatitis. We found here that IL-6 and
IL-10 levels quickly increased and then decreased with
therapy. The changes in the IL-6/IL-10 ratio were the
same as those in CRP, but the ratio tended to decrease 2
d earlier in the CRAI group than in the non-CRAI group.
These findings suggested that CRAI using gabexate
mesilate effectively treats acute pancreatitis regarding
biochemical features. On the other hand, changes in other
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proinflammatory cytokines such as IL-8 and TNF-o were
not significant. However, among patients with relatively
mild stage 2 SAP in the present study, the release of these
cytokines in tissues was insufficient to increase and reflect
in their blood concentrations.

Essentially, a large-scale RCT should be necessary to
verify the effects of CRAI; but to conduct such a study
on patients with highly lethal SAP seems to be unethical
in Japan. A future RCT might consider enrolling patients
with stage 2 pancreatitis that is relatively mild and less
fatal than in the present study. In conclusion, the present
results suggest that CRAI using gabexate mesilate
was effective against SAP in terms of yielding clinical
benefits for patients with SAP.
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Background

Severe acute pancreatitis (SAP) remains a lethal disease. Protease inhibitors
are widely applied to treat acute pancreatitis in Japan; but the protease
inhibitors used to treat acute necrotizing pancreatitis cannot easily reach
the pancreas when administered intravenously, and, because of ischemia
or impaired microcirculation, they hardly penetrate into pancreatic tissue.
Recently, continuous regional arterial infusion (CRAI) with the protease inhibitor
nafamostat mesilate and antibiotics has proven effective as an initial therapy.
CRAI has been applied to treat SAP, but the evidence of its value is still scarce.

Research frontiers
The article focuses on the efficacy of CRAI using gabexate mesilate and
antibodies for SAP.

Innovations and breakthroughs

The present study shows the efficacy of CRAI using gabexate mesilate for
SAP, and the clinical benefits and sequential changes in serum inflammation-
related parameters such as cytokines and chemokines. Abdominal pain and
SIRS disappeared significantly in a short period of time after the initiation of
CRAI with a protease inhibitor compared to non-CRAI. The average length
of hospitalization significantly decreased with CRAI and patients discharged
significantly in a shorter period of time after the initiation of CRAI with gabexate
mesilate compared to non-CRAI.

Applications

CRAI using gabexate mesilate was shown to be effective against SAP in terms
of clinical benefits for patients with SAP, and thus may provide a new strategy
of treatment for SAP.

Peer review

Effect of continuous regional arterial infusion therapy with gabexate and
antibiotics for SAP is very interesting clinical research. Known that SAP may
have high mortality, some new modalities of therapy which improve prognosis
of patients are welcome.
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