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Abstract

AIM: To evaluate the therapeutic effects of abdominal
decompression plus continuous regional arterial infusion
(CRAI) via a drug delivery system (DDS) in severe acute
pancreatitis (SAP) patients with abdominal compart-
ment syndrome (ACS).

METHODS: We presented our recent experience in 8
patients with SAP. The patients developed clinical ACS,
which required abdominal decompression. During the
operation, a DDS was inserted into the peripancreatic
artery (the catheter was inserted from the right gas-
troepiploic artery until it reached the junction between
the pancreaticoduodenal and gastroduodenal artery).
Through this DDS, a protease inhibitor, antibiotics and
octreotide were infused continuously. The duration of
the regional artery infusion ranged from 8 to 41 d. The
outcomes and the changes in the APACHE 1 score,
computed tomography (CT) severity index and intra-
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abdominal pressure (IAP) of the patients were retro-
spectively evaluated.

RESULTS: Eight patients with an initial APACHE II
score of 18.9 (range, 13-27) and a Balthazar CT sever-
ity index of 9.1 (range, 7-10) developed severe local
and systemic complications. These patients underwent
subsequent surgical decompression and CRAI therapy
because of intra-abdominal hypertension (IAH). After a
mean interval of 131.9 + 72.3 d hospitalization, 7 pa-
tients recovered with decreased APACHE 1T scores, CT
severity indexes and IAP. The mean APACHE 1I score
was 5.4 (range, 4-8), the CT severity index was 2.3
(range, 1-3), and IAP decreased to 7.7 mmHg (range,
6-11 mmHg) 60 d after operation. One patient died of
multiple organ failure 1 wk after surgery.

CONCLUSION: CRAI and laparotomic decompression
might be a therapeutic option for SAP patients with ACS.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis is an inflammatory disease that is self-

November 28, 2011 | Volume 17 | Issue 44 |



Deng ZG et al. CRAI and laparotomy for SAP with ACS

limited in the majority of patients and resolves within
48-72 h. However, approximately 20% of the patients
develop a more severe form of the disease with evidence
of organ dysfunction and complications such as pancre-
atic necrosis, abscess or pseudocyst. This acute form is
classified as severe acute pancreatitis (SAP) according to
the Atlanta classification and has a mortality approach-
ing 30%!". Previous studies have shown that 60% of the
patients developed organ failure on admission, and those
with persistent organ failure had the worst outcomes"”.

The current treatment paradigm calls for non-opera-
tive management of SAP as long as there is no evidence
of infection. However, there is a subset of patients with
acute pancreatitis who may need an urgent laparotomy
in the absence of an infection to decompress the clinically
significant abdominal compartment syndrome (ACS)”".

SAP with ACS, which is defined as a sustained intra-
abdominal pressure (IAP) greater than 20 mmHg that is
associated with the development of organ dysfunction or
failure® is the most severe form of acute pancreatitis and
has a high morbidity and mortality. SAP with ACS injures
not only the pancreas itself but also the surrounding organs.
Despite various treatment protocols, including intensive care
therapy and blood filtration, the mortality rate of SAP with
ACS is still reported to be 30%-60%".

In a number of recent studies, continuous regional
arterial infusion therapy (CRAI) for SAP using protease
inhibitors and antibiotics has been shown to control the
inflammation of the pancreas and to prevent the exten-
sion of the inflammatory process, which would decrease
the rate of infection and mortalityl&m.

Accordingly, in this study, we used a new system dut-
ing our decompressing surgical procedure in 8 patients
suffering from SAP with ACS, and the therapeutic effects
of continuous regional intra-arterial infusion were retro-
spectively evaluated.

MATERIALS AND METHODS

Eight patients, 6 men and 2 women, with a mean age of
51.5 year (35-66 year) were diagnosed with SAP at Xiamen
University Zhongshan Hospital from April 2009 to July
2010. SAP was diagnosed based on clinical manifestation,
biological findings and contrast-enhanced abdominal com-
puted tomography (CT) within 3 d after admission. These
patients presented with multiple organ dysfunction (MOD)
or multiple organ failure (MOF) within 3 d of admission,

and they continued to deteriorate under intensive medical
support (Table 1).

Laparotomy was performed 3-9 d after the onset of
SAP in these patients because of clinical deterioration de-
spite intensive medical care and persistent abdominal hy-
pertension. The abdominal pressure was measured by the
bladder technique'™. In contrast to the traditional surgical
procedure for SAP, necronectomy (debridement) was not
performed. For abdominal decompression and placement
of wide-bore drains for continuous postoperative irrigation,
the catheter of a drug delivery system (DDS) was inserted
into the peripancreatic artery. Because the pancreas has a
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Table 1 Multiple organ dysfunction or multiple organ failure

within 3 d after admission

Dysfunction (failure) n (%)
Pulmonary insufficiency 8 (100.0)
Requiring mechanical ventilation 8 (100.0)
Renal insufficiency 7 (87.5)
Requiring dialysis 6 (75.0)
Shock 7 (87.5)
Requiring catecholamines 8 (100.0)
Sepsis (or SIRS) 8 (100.0)
Coagulopathy 7 (87.5)
Hepatic dysfunction (failure) 7 (87.5)
Cardiovascular disable 7 (87.5)
Gastrointestinal bleeding 7 (87.5)
Center nerve system problem 5 (62.5)

multiple-sourced blood supply, an appropriate drug distribu-
tion in the pancreas can not be achieved unless the catheter
is propetly placed. The proper position of the catheter tip
was decided based on the methylthionine chloride injection.
By injecting methylthionine chloride from the head of DDS,
we could find the dyeing area, and adjust the position of
catheter tip. In cases which it was difficult to find the right
gastroepiploic artery, an intraoperative ultrasound was used
for guiding. The injection head of the DDS was subcutane-
ously placed for postoperative drug delivery (Figure 1), and
the patients subsequently received an arterial infusion with
protease inhibitor, antibiotics and octreotide. In addition,
patients with biliary stones had emergency surgery such as
endoscopic sphincterotomy, endoscopic nasobiliary drain-
age, cholecystectomy or common bile duct lithotomy. If we
had difficulties with the closure after laparotomy, we left the
abdomen open and applied a temporary closure device until
suturing again.

Ulinastatin (100 000 U), antibiotics (imipenem/cilas-
tatin 0.5 g) and octreotide (0.3 mg) were dissolved into the
saline (48 mL) and continually infused through the DDS
twice a day. To ensure the therapeutic effects, the infusion
was continued even after the patients’ conditions had im-
proved and until the Balthazar CT severity index had de-
creased to 3 or less.

All patients were treated in the intensive care unit (ICU).
Fluid, electrolytes, albumin, and insulin were replaced
dependent on central venous pressure (6-10 mm H20),
hematocrit (30%-35%), urinary excretion, and blood glu-
cose measurement. Assisted ventilation was begun if the
partial pressure of oxygen could not be maintained at a
level of > 60 mmHg with an oxygen mask. In patients
with progtessive renal failure (serum creatinine > 3.0 mg/
dLL), hemodialysis or continuous venovenous hemodialysis
(CVVHD) was performed.

The clinical data of patients, transvesical measurement
of IAP, CT severity index"”, APACHE 1 score', pres-
ence of MOD, local-regional complications and outcome
wete examined and reported.

RESULTS

The severity of the pancreatitis was judged according to
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Figure 1 Procedure of placing drug delivery system and
imaging after drug delivery system was inserted. A: Drug
delivery system; B: Anatomy and how it is inserted; 1: Gas-
troduodenal artery; 2: Right gastroepiploic artery; 3: Superior
pancreatico-duodenal artery; and 4: Inferior pancreatico-duo-
denal artery (arrows indicate the direction of drug delivery and
blood flow); a: The inserting point; and b: The end in which the
catheter should be inserted; C: Abdominal X-ray film showed
the subcutaneous drug delivery system (DDS) head (arrow); D:
Computed tomography (CT) scan showed the subcutaneous
DDS and the drug delivery needle inside the DDS (arrow); E:
DDS catheter around the pancreas (arrow) in the CT scan.

Patients Sex/age (yr) Area of Operation Al (d) Apache I CT-SI (d) ICU (d) Hosp. (d) Outcome
pancreatitis
Pre Post Pre Post Pre Post

1 M/35 Entire 3 31 85 11 27 6 10 3 45 259 Recovered
2 F/42 Entire 4 8 38 18 24 18 10 8 11 11 Dead

8] M/ 64 Entire 5 25 26 8 13 4 7 1 34 68 Recovered
4 M/53 Entire 8 18 30 7 16 5 9 3 64 101 Recovered
5 M/49 Entire 6 41 31 9 21 8 10 3 58 159 Recovered
6 F/66 Entire 3 35 24 6 19 4 10 3 44 186 Recovered
7 M/57 Entire 4 19 26 6 16 5 9 1 33 74 Recovered
8 M/46 Entire 5 33 23 7 15 6 8 2 40 76 Recovered

AI: Artery infusion; AP: Abdominal pressure (mmHg); CT-SI: CT severity index by Balthazar et al; ICU: Intensive care unit; Pre: Preoperation; Post: 60 d

after operation or before the patient died (No. 2 patient).
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Figure 2 Imaging comparison between
preoperation and postoperation. A: Ab-
dominal computed tomography (CT) scan
before the operation; B: Abdominal CT scan
after the operation with the drug delivery
system (DDS) inserted; C: Abdominal X-ray
film showing the subcutaneous DDS head
(white); D: CT scan showing the recovered
pancreas. No more fluid could be seen
around the pancreas (CT scan before dis-
charge).

November 28, 2011 | Volume 17 | Issue 44 |



Deng ZG et al. CRAI and laparotomy for SAP with ACS

the APACHE 1II score™"™" | with a score of > 8 points
considered indicative of severe disease!”. In our patients,
the APACHE 1I score ranged from 13 to 27 points, with a
mean of 18.9 points. The Balthazar CT severity index was
evaluated at each CT study"”. The CT severity index of the
8 patients ranged from 7 to 10 (average 9.1) before arterial
infusion. The abdominal pressure of the patients was mea-
sured before operation, and the results suggested that every
patient had high abdominal pressure and was diagnosed
as having ACS. The average abdominal pressure was 29.1
mmHg (range, 23-38 mmHg). The cause of the pancre-
atitis was cholelithiasis in 4 cases, alcoholism in 1, hyper-
lipidemia in 2, and unknown in 1. The arterial infusion was
started 3-9 d after the onset of SAP in these patients, and
lasted 8-41 d (mean, 26.3 d).

The clinical conditions of the patients improved within
3 d after decompression and the initiation of the arterial in-
fusion. The APACHE 1I score was decreased from 13-27
(mean, 18.1) to 4-8 (mean, 5.4), and the CT severity index
from 7-10 (mean, 9.0) to 1-3 (mean, 2.3), respectively, 60
d after the operation. IAP decreased to 7.7 mmHg (range,
6-11 mmHg). One patient died of MOF, and all other pa-
tients were discharged from the hospital within 68-259 d
(mean, 131.9 d). The patients are all in good health now.
The catheter was removed percutaneously 1 year after dis-
charge, and there were no complications related to the pro-
cedure or drug delivery after long-term catheter placement.
The clinical data are shown in Table 2 and Figure 2.

DISCUSSION

SAP injures not only the pancreas itself but also the sur-
rounding organs, culminating in ACS and MOF in many
cases. Despite the vatious treatment protocols, including
intensive care therapy and blood filtration, SAP is still has
a high mortality. The basic principles of the initial man-
agement of acute pancreatitis are adequate monitoring of
vital signs, fluid replacement, correction of any electrolyte
imbalance, nutritional support, and prevention of local
and systemic complications.

Infected necrosis is generally accepted as an indica-
tion for surgery, but there is a subset of acute pancreatitis
which may need an urgent laparotomy in the absence of
infection to decompress abdominal pressure, which is
unique as a compartment syndrome and virtually affects
all organ systems within the body. Pathophysiologically, it
deranges cardiovascular hemodynamics, respiratory and
renal functions and may eventually lead to multi-organ
failure. In addition, the gold standatd for the treatment of
established ACS is surgical decompression of the abdo-
men'"".

Our main purpose was to decompress the intra-ab-
dominal hypertension (IAH). A double drainage tube was

placed in peritoneal cavity around the region of pancreas,

through which the patient’s cavity was persistently douched
using a large amount of saline solution. This can help drain
the intra-abdominal hemorrhagic ascites, alleviate IAH, di-
lute the inflammatory mediators and activated amylase, and
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reduce toxin absorption through the petitoneum. In addi-
tion, we placed a DDS for postoperative treatment based
on the positive results of regional infusion reported by
other authors” "' In contrast to their methods of vascu-
lar intervention using an angiocatheter, we inserted the
DDS catheter into the pancreaticoduodenal artery from
the right gastroepiploic artery to the gastroduodenal ar-
tery during the procedure. The DDS was subcutaneously
fixed and did not result in any discomfort after drug de-
livery. In the ICU, the DDS could be easily used for the
continuous injection of protease inhibitors, antibiotics
and octreotide. This device was simple, safe and did not
hinder the patient’s movement. No complications related
to the procedure or the device setting were observed, even
after long-term placement.

Regarding the drug infusion, because acute pancreatitis
is an autodigestive disease, protease inhibition has been
the focus of experimental and clinical research. However,
in clinical settings, the effect of protease inhibitors in
the treatment of acute pancreatitis is still controversial.
Some randomized, controlled trials failed to demonstrate
any significant benefits"*'”. For this reason, in Europe
and the United States, protease inhibitors are not usually
applied in the treatment of acute pancreatitis. In Japan,
however, protease inhibitors are often applied, and in pat-
ticular, it has been demonstrated that the CRAI of pro-
tease inhibitors and antibiotics are beneficial for severe
acute necrotizing pancreatitis[&m. They believed that there
were many reasons why the protease inhibitors were not
as effective as expected in the experimental studies, such
as the timing of administration, the concentration of the
protease inhibitor in the pancreatic tissue, the diminution
of the vasculature of the pancreas and so on. With in-
travenous administration, the concentration of the agent
reaching the pancreas eventually becomes insufficient for
controlling the inflammation. As a result of drug dilution
as well as serum and hepatic metabolism, most of the
aprotinin administered intravenously tended to go into
the liver and thereafter accumulate in the kidneys, with
only a small amount of aprotinin distributed in the pan-
creas. In contrast, with intra-arterial administration in ex-
perimental studies, the local concentration in the pancreas
was high enough to improve the biochemical indices of
inflammation and survival™?'.

Because pancreatic and extrapancreatic infections ate
determining factors leading to death in patients with SAP,
much attention has been paid to the potential role for
antibacterial prophylaxis, especially in those patients with
pancreatic necrosis. Many studies on the prophylactic
effect of antibiotics have demonstrated that broad-spec-
trum antibiotics with good pancreatic tissue penetration
decreased the incidence of infectious complications and
mortality™?!. The antibacterial agent of first choice is
likely to be imipenem because it reaches a higher distribu-
tion in the pancreatic tissue and provides higher bacteri-
cidal activity against most of the bacteria present in pan-
creatic infection compared with other types of antibiotics.
An alternative antibiotic regimen is either ciprofloxacin
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ot ofloxacin in combination with metronidazole”. It also
has been suggested that the effect was induced markedly
by intra-arterial administration.

Octreotide reduces exocrine pancreatic secretion in
acute pancreatitis, which would decrease pancreatic auto-
digestion, and it may also significantly prevent the bacte-
rial translocation by preventing mucosal damagelzs]. As a
treatment guideline for acute pancreatitis, octreotide has
been widely used in clinical practice, although the results
of clinical investigations using somatostatin or its ana-
logue are controversial. In a multicenter randomized con-
trolled study with a large number of patients (# = 302)
with an adequate level of disease severity, no benefit of
octreotide on progression or outcome was found™, but
other research suggests that octreotide may have a ben-
eficial effect in the treatment of SAP”". One study sug-
gested that octreotide seemed to have a dose- and time-
dependent effect on histopathology and lipid peroxida-
tion: an eatly bolus application of octreotide reduced the
severity of histopathological changes in acute pancreatitis
and decreased lipid peroxidation in the pancreatic tissue
samples. However, a late bolus application and continu-
ous intravenous infusion did not influence pancreatitis or
lipid peroxidation128J

According to the above-mentioned clinical and experi-
mental results, in this study, we used a combination of
these three kinds of drugs »iz DDS as regional therapy in
the 8 patients. Their clinical conditions improved after the
treatment and the overall mortality was 12.5%, which is
much lower than that reported in the literature. These re-
sults suggest that CRAI plus laparotomic decompression
might be a therapeutic choice for SAP with ACS.

COMMENTS

Background

Severe acute pancreatitis (SAP), characterized by intricate mechanism, variant
symptoms, poor prognosis and multiple complications, seriously threatens the
life of patients. About 11% of SAP patients suffer from abdominal compart-
ment syndrome (ACS). SAP complicated by ACS has a mortality rate of that is
30%-60%.

Research frontiers

ACS has been recognized as a contributing factor for the multiple organ failure
commonly seen in SAP. Surgical decompression is the preferred method of
treatment for ACS. Although decompression has a significant effect in lower-
ing IAP, the mortality still remains high in SAP patients with ACS. Some recent
studies showed that continuous regional arterial infusion of protease inhibitors
and antibiotics may reduce the mortality rate and incidence of infectious compli-
cations in SAP.

Innovations and breakthroughs

SAP with ACS is the most severe form of acute pancreatitis and has a high
morbidity and mortality which need an urgent laparotomy. In this study, a new
system was applied during the decompressing surgical procedure in 8 patients.
In addition to abdominal decompression and the placement of wide-bore drains
for continuous postoperative irrigation, the catheter of a drug delivery system
(DDS) was inserted into the peripancreatic artery for postoperative continuous
regional arterial infusion, which increased the tissue concentration of the drugs
in the inflamed pancreas and improved the biochemical indices of inflammation
and survival.

Applications

The DDS applied for continuous regional arterial infusion (CRAI) in this study is
simple, safe and easy to implement. These positive results suggest that CRAI
plus laparotomic decompression might be a therapeutic choice for SAP with ACS.
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Peer review

Even if it is not accepted by all, the presence of an ACS in severe pancreatitis
is a very difficult complication to deal with. The paper reports a small group of
patients with such a complication treated with a multidisciplinary approach (sur-
gery, antibiotics, anti protease, etc.). It is difficult to understand the real value of
each therapy, but the utility of the paper lies in reporting the complexity of such
a disease.
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