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Published online: March 27, 2013 The systematic review and meta-analysis on arterial re-

section during pancreatectomy by Mollberg ez al" is a
very timely and current paper. They report perioperative
and survival outcomes associated with arterial resection
Abstract during pancreatectomy for pancreatic cancer, compared

Surgery remains the only potentially curative treatment ~ t© pancreatectomy alone. .

for patients with pancreatic cancer. Locally advanced Worldwide, pancreatic cancer is the 13" most com-
pancreatic cancer with vascular involvement remains a ~ mon cancer, but the eight most common cause of can-
surgical challenge because high perioperative risk and cer death with little improvement in survival over the
the uncertainty of a survival benefit. Whilst portal vein last few decades”. Surgical resection remains the only
resection has started to gather momentum because hope for cure in these patients. However, many of these
the perioperative morbidity and long term survival is patients are diagnosed at a late stage because of the na-
comparable to standard pancreatectomy, there isn't yet ture of the disease and surgical resection with a curative
a consensus on arterial resections. There have been  intent is rarely possible. Fortner”, first described a “re-
various reports and case series of arterial resections gional pancreatectomy” involving total pancreatectomy,
in pancreatic cancer, with mixed survival results. Moll-
berg et a/ have appraised the heterogeneous published
literature available on arterial resection in pancreatic
cancer in an attempt to compare this to standard pan-
createctomy. In this article, we discuss the results of
this systematic review and meta-analysis, and the limi- . ) . .
tations associated with analysing results from heterog- with portal vein resection and.reconstrucuon has began
enous data. We have outlined the important features ~ t© gather momentum as studies demonstrated accept-
in surgery for pancreatic cancer and specifically to able morbidity and long term survival rates4§omparable
arterial resections, and compared arterial resections to ~ to standard pancreaticoduodenectomy (PD)™“. In recent

radical lymph node clearance, combined portal vein
resection (Type 1) and/or combined arterial resection
and reconstruction (Type 2). This was found to be as-
sociated with unacceptably high morbidity and mortality
rates, and was abandoned. More lately, pancreatectomy

the published literature on venous resections. years, the morbidity and mortality rates between standard
PD and pancreatico-duedenectomy with vascular resec-
© 2013 Baishideng. All rights reserved. tion have been similar'™>"". Isolated venous involvement
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is no longer a contraindication to PD when performed
by experienced surgeons at high volume centers as part
of a multidisciplinary approach to localized pancreatic

[
cancer

arterial resection, however, has remained highly
controversial. Current oncological guidelines suggest
that pancreatic tumours invading arterial structures ren-
der these cancers inoperable[m]. Nevertheless, attempts at
resection involving reconstruction of the main arteries
such as the coeliac axis, hepatic artery and superior mes-
enteric artery (SMA) have been reported, albeit in small
case series™ .

The study population for the meta-analysis is the larg-
est in the published literature despite the unsurprising
heterogeneity of the 26 studies that met inclusion criteria;
a limitation acknowledged by the authors. In total, 366
patients underwent pancreatectomy with concomitant
aprtic regurgitation (AR) out of a total of 2609 patients
that were included in the study. All data were non-con-
trolled, collected retrospectively, over a prolonged study
period (1973-2010), with a high proportion of proce-
dures performed pre-2000, and with a high risk of bias in
22/26 studies. In addition, as the authors point out, the
median number of patients per study is 12.5, suggesting
a pooled analysis may be a more suitable method of data
evaluation.

There was considerable heterogeneity in the types
of surgical procedures performed across the studies in-
cluded in Mollberg’s systematic review, including cases
where arterial resection was performed in combination
with venous resection and/or extended lymphadenec-
tomy. Mollberg et al" found that perioperative morbidity
was significantly increased in patients undergoing con-
comitant AR compared to those undergoing pancreate-
ctomy alone (OR = 2.17, 95%CI: 1.26-3.75, P = 0.0006;
I’ = 35%), with a significantly higher re-operation rate
(OR = 3.28, 95%CI: 1.68-6.41, P < 0.001; I ? = 33%,)
and with a 5 times greater perioperative mortality risk in
the AR group (OR = 5.04, 95%CI: 2.69-9.4, P < 0.0001;
I = 24%). This can be explained by the complexity and
technical challenge associated with an arterial resection
including the risk of bowel ischaemia. They also found
a greater perioperative mortality rate amongst patients
undergoing arterial resection in comparison to venous
resection in their subgroup analyses (OR = 8.87, 95%CI:
3.4-23.13, P < 0.0001; I ° = 5%).

There was no significant difference in the incidence
of lymph node metastases between patients undergo-
ing pancreatectomy with and without AR (OR = 1.39,
95%CI: 0.85-2.27, P = 0.19; I’ = 0%). There was also
no difference found in RO resection rates between the
2 groups when analysing 209 patients in 15 studies who
provided this data. However, the exclusion of a study by
Boggi et al™ by sensitivity analysis indicated a lower RO
resection rate in the AR group with low heterogeneity.
However, the role of resection margin status as a prog-
nostic indicator remains controversial due to the lack of
uniformity of pathology reporting for pancreatic can-
cer81
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Median survival at 1, 3 and 5 years for patients un-
dergoing AR during pancreatectomy was 49.1%, 8.3%
and 0%, respectively. Meta-analysis of survival data dem-
onstrated that there was a significantly lower chance of
long term survival for patients undergoing pancreatecto-
my with concomitant AR compared to pancreatectomy.
This is in contrast to survival outcomes for patients with
pancreatic cancer involving the portal vein where the
overall survival is similar in the resection groups (with
and without vein resection) and significantly greater than
patients having a palliative bypassM’S’m’zm. The median 1-,
3- and 5-year survival rates for patients with AR were
significantly reduced. This persisted even after excluding
the study by Boggi ez al™ for heterogeneity following a
sensitivity analysis. The authors therefore compared AR
to palliative non-surgical therapy, which was reported in
6 studies. This showed a significantly higher 1- and 2-year
survival for patients undergoing AR after excluding a
study by Wang for heterogeneity. However, as explained
by the authors, the non-controlled nature of these stud-
ies could have meant that the patients who did not
undergo resection could have had an inherently worse
prognosis, with more advanced tumours, compared to
those undergoing AR.

This study is a very comprehensive analysis of the
data that are currently available concerning arterial re-
section during pancreatectomy. It demonstrates signifi-
cantly increased peri-operative morbidity and mortality,
combined with significantly poorer survival outcomes
at 1, 3 and 5 years. The authors conclude that the need
for arterial resection in itself is the actual risk factor for
increased perioperative death. However, they also sug-
gest that in the absence of other treatment for tumours
involving the SMA, with careful patient selection, arte-
rial resection may be justified in a small cohort of pa-
tients. In addition, the authors also suggest a prospective
registry to allow accurate analysis of outcome data for
patients undergoing an arterial resection. We would aug-
ment this idea by suggesting a protocol detailing patient
eligibility for arterial resection as a first step towards
determining the suitability of this highly complex proce-
dure, which may only be relevant to a specific subset of
patients.
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Abstract

AIM: To assess the effects of preoperative treatment
on the hepatic histology of non-tumoral liver and the
postoperative outcome.

METHODS: One hundred and six patients underwent
hepatic resection for colorectal metastases between
1999 and 2009. The surgical specimens were reviewed
with established criteria for diagnosis and grading of
pathological hepatic injury. The impact of preoperative
therapy on liver injury and postoperative outcome was
analyzed.

RESULTS: Fifty-three patients (50%) received surgery
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alone, whereas 42 patients (39.6%) received neoadju-
vant chemotherapy and 11 (10.4%) patients received
preoperative hepatic artery infusion (HAI). Chemother-
apy included oxaliplatin-based regimens (31.1%) and
irinotecan-based regimens (8.5%). On histopathological
analysis, 16 patients (15.1%) had steatosis, 31 (29.2%)
had sinusoidal dilation and 20 patients (18.9%) had
steatohepatitis. Preoperative oxaliplatin was associated
with sinusoidal dilation compared with surgery alone
(42.4% vs 20.8%, P = 0.03); however, the periopera-
tive complication rate was not significantly different be-
tween the oxaliplatin group and surgery group (27.3%
vs 13.2%, P = 0.1). HAI was associated with more
steatosis, sinusoidal dilation and steatohepatitis than
the surgery group, with higher perioperative morbidity
(36.4% vs 13.2%, P = 0.06) and mortality (9.1% vs 0%
P =0.02).

CONCLUSION: Preoperative oxaliplatin was associated
with sinusoidal dilation compared with surgery alone.
However, the preoperative oxaliplatin had no significant
impact on perioperative outcomes. HAI can cause path-
ological changes and tends to increase perioperative
morbidity and mortality.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
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causes of cancer death in the Western world, ranking
second in Europe and third in the United States'. The
incidence of CRC in China is lower than that in the
West, but has increased in recent years™ and has be-
come a substantial burden in China. Some studies have
reported changes in the characteristics of colorectal
cancers in China™. Approximately 50% of patients with
colorectal cancer develop liver metastases at some point
during the course of their disease!®”. Surgical resection
remains the first choice of treatment, with a 25%-40%
long-term survival rate™. However, only 15%-20% of
patients with colorectal liver metastases are suitable for
surgical resection”. Chemotherapy is the first choice of
treatment for unresectable patients but it is very rare for
patients treated with chemotherapy alone to survive lon-
ger than 5 years.

Neoadjuvant chemotherapy has been evaluated in
patients with initially resectable liver metastases. The ra-
tionale for using preoperative chemotherapy in patients
with initially resectable disease includes an opportunity
to demonstrate regimen-specific efficacy, as well as al-
lowing time to identify those patients who will progress
and who therefore may not benefit from liver resection.
In addition, preoperative chemotherapy may decrease
the magnitude of resection needed'"”.

Although the use of new chemotherapeutic agents
has a number of theoretical benefits, concern about
liver injury after surgery led investigators to examine the
impact of chemotherapy*". In the current study, we
analyze the histopathological changes associated with
preoperative chemotherapy and report the postoperative
outcome.

In addition, hepatic artery infusion (HAI) has been
increasingly used in China as a palliative treatment of
unresectable colorectal metastases (CRM) or the edge
of the liver function in an effort to reduce lesion size
and thus make surgery feasible when the remnant liver
is insufficient in size, based on cross-sectional imaging
volumetrics. Therefore, we also collected data to evaluate
whether HAI before surgery can have an impact on he-
patic histopathology.

MATERIALS AND METHODS

A retrospective review was undertaken on patients who
underwent hepatic surgery for CRM with a curative in-
tent at Peking University Cancer Hospital between Janu-
ary 1999 and April 2009. Hepatic resections were defined
according to the Brisbane terminology" "', Patients were
divided into the following four groups based on their
preoperative therapy: (1) no preoperative therapy; (2)
Oxaliplatin-based chemotherapy with fluorouracil (FU)
or Xeloda; (3) Irinotecan-based chemotherapy plus FU;
and (4) preoperative HAIL Only patients who received re-
gional therapy with HAI were included in the HAI group.

Standard demographic data were collected on all pa-
tients, including type and duration of preoperative treat-
ment, details of the resection, estimated blood loss (EBL),
characteristics of the resected tumor, postoperative mot-
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Figure 1 Histopathological findings. A: Severe steatosis. Large drop of fat
(arrow) in the majority of hepatocytes, HE, 100 x; B: Example of steatohepatitis
showing the foci (arrow) of inflammation among the hepatocytes, HE, 100 x; C:
Grade 3 sinusoidal dilation involved the complete lobule, HE, 40 x.

bidity and 90 d mortality.

The archival slides (original formalin-fixed, paraffin-
embedded and HE staining) from those resected hepatic
specimens were blindly reviewed by a pathologist (Zhao
AL). The histopathological findings in the non-tumoral
liver tissue were evaluated semi-quantitatively as follows:
(1) degree of steatosis was graded as none, mild (< 30%),
moderate (= 30% to 50%) or severe (= 50%; Figure
1A); (2) steatohepatitis was graded as defined by Kleiner
et al™ based on steatosis (score 0: < 5%; 1: 5% to 33%;
2: > 33% to 66%; and 3: > 66%), lobular inflammation
(score 0: no foci; 1: one foci; 2: two to four foci; and 3: >
four foci per 200 X field) and ballooning (scote 0: none;
1: few balloon cells; and 2: many cells/prominent bal-
looning, Figure 1B); and (3) sinusoidal injury was graded
according to an established grading system of sinusoidal
dilation (grade 0: absent; grade 1: centrilobular involve-
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Table 1 Clinical and pathological features of patients (7 =
106) n (%)

Variable Patients
Sex

Female 56 (52.8)

Male 50 (47.2)
Site of primary tumor

Colon 55 (51.9)

Rectum 51 (48.1)
Hepatic metastases

Median 3

Solitary 61 (57.5)

Multiple 45 (42.5)
Metastases type

Synchronous 44 (41.5)

Metachronous 62 (58.5)
Extent of hepatic resection

Minor (1-2 segment) 81 (76.4)

Major (= 3 segment or hemihepatectomy) 25 (23.6)

Median age of patients is 60 yr.

ment limited to one-third of the lobular surface; grade 2:
centrilobular involvement extending in two-thirds of the
lobular surface; grade 3: complete lobular involvement) 1
(Figure 1C). Hepatic injury was defined as steatosis more
than 30%, steatohepatitis Kleiner score = 4 and/or gra-
de 2-3 sinusoidal dilation.

Statistical analysis

Summary statistics were performed using the Zz test and
Fisher’s exact test for comparing categorical variables;
the Kruskal-Wallis test was used to compare continuous
variables among the treatment groups. The odds ratios
(OR) and the 95%CI were estimated and P value << 0.05
was considered to be statistically significant. All statistical
analyses were performed using SAS software, version 9.0.

RESULTS

Table 1 presents the clinicopathological features of the
106 patients in the study. A total of 106 patients were in-
cluded in the analysis. There were 50 (47.2%) men and 56
(52.8%) women and the median patient age was 60 years
(range 32-79 years). The presentation of hepatic metasta-
ses was metachronous in most patients (7 = 62; 58.5%),
while synchronous metastases accounted for 41.5%. The
median number of hepatic metastases was 3 (range 1-5)
and the median size of the largest lesion was 4 cm (range
0.7-22 cm).

At the time of the operation, the extent of hepatic
resection was less than 3 segments or hemihepatectomy in
81 patients (76.4%) and a hemihepatectomy or more than
3 segments removal in 25 patients (23.6%). The median
EBL was 200 mL (range 50-3000 mL). The median EBL
in the preoperative chemotherapy arm was 575 mL, which
was obviously higher than those without preoperative
treatment (200 mL).

A total of 42 patients received neoadjuvant chemo-
therapy therapy, consisting of oxaliplatin plus FU regi-
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men (33, 31.1%) and irinotecan plus FU regimen (9, 8.5%).
While 11 (10.4%) patients received preoperative HATI be-
fore surgical treatment of the hepatic metastases, in which
8 patients received Cisplatin plus Epirubicin, three pa-
tients received oxaliplatin plus FU/CE Of the 42 patients
who received preoperative chemotherapy, the median
duration was 5 cycles with 2-3 wk per cycle (range 2-10
cycles). The median duration of the HAI group was 3
cycles with 1 mo per cycle (range 1-3 mo). In general,
the tumor characteristics and surgery details were simi-
lar among all preoperative treatment groups (Table 2).
There was also no significant difference between groups
with regard to age, gender, site of primary tumor, num-
ber of hepatic CRM, EBL or hepatic CRM tumor size
(all P> 0.05). Patients who received HAI before surgery
tended to have less EBL than other groups.

The overall perioperative complication rate was 18.9%.
Thirteen patients (12.3%) suffered from hepatic complica-
tions, including liver failure (# = 3), hepatic insufficiency (»
= 2), bile leaks (#» = 9) and hepatic abscess (# = 1). Non-
hepatic complications occurred in 11 patients (10.3%);
there were 6 pulmonary complications (5.7%; pleural effu-
sion, # = 0), 1 cardiovascular complications (0.94%; rapid
atrial fibrillation, # = 1), 1 stress ulcer (0.94%) and 1 pan-
creatic fistula (0.94%), 2 peritoneal effusion (1.8%) and 1
with abdominal infectious complications (0.94%). Overall,
the perioperative complication rate was similar between
the no-chemotherapy group (13.2%) and the chemo-
therapy group (21.4%) (P = 0.29). In addition, patients
who received HAI tended to have more postoperative
morbidity (36.4% »s 13.2%, P = 0.06) and mortality (9.1%
vs 0% P = 0.02) than those who received no preoperative
chemotherapy. The complication rate did not differ with a
different type of preoperative therapy (HAI 36.4%; irino-
tecan 0%; oxaliplatin 27.3%) (P = 0.07).

During the final pathological analysis of the resected
specimen, hepatic injury was shown in 51 patients (48.1%).
Steatosis more than 30% was identified in 16 patients
(15.1%), grade 2 to 3 sinusoidal dilation in 31 patients
(29.2%) and steatohepatitis Kleiner score = 4 in 20 pa-
tients (18.9%). Preoperative chemotherapy is associated
with pathological liver injury compared with non treat-
ment before surgery (57.1% »s 35.8%, P = 0.038; OR:
2.39; 95%CI: 1.0-5.4). When patients were stratified ac-
cording to the duration of chemotherapy (1 to 5, 6 to 10
cycles), the rate of hepatic injury increased over time in
patients who received preoperative chemotherapy (76.2%
vs 38.1%, P = 0.01). In Table 3, specifics on hepatic in-
jury stratified by preoperative therapy are listed. Neither
oxaliplatin nor irinotecan as neo-adjuvant chemotherapy
before liver resection was associated with an increased
rate of steatosis. The type of chemotherapy regimen used
was associated with distinct patterns of liver injury: oxali-
platin was associated with grade 2 to 3 sinusoidal dilation
compared with no chemotherapy (42.4% vs 20.8%, re-
spectively, P = 0.03; OR = 2.8; 95%CI: 0.97-8.2). Patients
receiving irinotecan also tended to have a higher likeli-
hood of steatohepatitis compared with non treatment

before surgery (33.3% »s 11.3%, P = 0.08), although the P
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Table 2 Patient clinicopathological characteristics stratified by whether they received chemotherapy n (%)

Variable Patients Chemotherapy Oxaliplatin Irinotecan HAI P
(n = 106) (n = 53) (n = 33) n=29) n=11) value
Mean age, yr 60 59.8 56.9 56.9 54.2 0.26
Gender
Female 56 (52.8) 29 (54.7) 16 (48.5) 5 (55.6) (54.5) 0.95
Male 50 (47.2) 24 (45.3) 17 (51.5) 4 (44.4) (45.5)
Site of primary tumor
Colon 55 (51.9) 28 (52.8) 16 (48.5) 5 (55.6) (54.5) 0.97
Rectum 51 (48.1) 25 (47.2) 17 (51.5) 4(44.1) (45.5)
Timing of hepatic metastases
Synchronous (41.5) 19 (35.8) 20 (60.6) 2(22.2) 3 (27.3) 0.05
Metachronous 62 (58.5) 34 (64.2) 13 (39.4) 7 (77.8) 8(72.7)
Surgery type
Minor (1-2 segment) 81 (76.4) 42 (79.2) 24(72.7) 9 (100) 6 (54.5) 0.10
Major (= 3 segment or hemihepatectomy) 25 (23.6) 11 (20.8) 9(27.3) 0(0) 5 (45.5)
No. of hepatic CRM
Single 61 (57.5) 34 (64.2) 17 (51.5) 6 (66.7) 4 (36.4) 0.29
Multiple 45 (42.5) 19 (35.8) 16 (48.5) 3(33.3) 7 (63.6)
Largest hepatic CRM tumor size, cm 10.4 4.87 4.55 473 4.05 0.87
Median estimated blood loss, mL 200 400 350 600 300 0.90
Duration of chemotherapy, wk (median) 4 0 48 41 0 <0.0001
Postoperative complication
Yes 20 (18.9) 7 (13.2) 9 (27.3) 0(0) 4 (36.4) 0.07
No 86 (81.1) 46 (86.8) 24 (72.7) 9 (100) 7 (63.6)

CRM: Colorectal metastases; HAI: Hepatic artery infusion.

Table 3 Liver injury characteristics stratified by preoperative therapy n (%)

Regimen Liver toxicity (n = 51) Steatosis > 30% (n = 16) Sinusoidal dilation (7 =31) Steatohepatitis (7 = 20)
Yes No 'P value Yes No 'P value Yes No 'P value Yes No 'P value
NoCTx  19(358) 34 (64.2) 5094) 48 (90.6) 11(208) 42 (79.2) 6(113) 47 (88.7)
Oxaliplatin 19 (57.6) 14 (424)  0.04 5(152) 28(848) NS  14(424) 19(576) 003  7(12) 26(788) NS
Irinotecan  5(55.6) 4(444) NS 2(222) 7(778) NS 1(111) 8(889 NS  3(333) 6(667) 008
HAI 8(727) 3(Q273) 002 4(364) 7(636)  0.02 5455 6(545) 008  4(364)  7(636) 003

'Presence of liver injury characteristic; each chemotherapy group vs no chemotherapy. CTx: Chemotherapy; NS: Not significant; HAL: Hepatic artery in-

fusion.

value was not statistically significant. Specifically, HAI was
also associated with more steatosis, sinusoidal dilation and
steatohepatitis than no preoperative treatment. HAI was
associated with steatosis and steatohepatitis compared
with non treatment before surgery (36.4% vs 9.4%, P =
0.02; 36.4% vs 11.3%, P = 0.03, respectively) and patients
receiving HAI tended to have a higher likelihood of sinu-
soidal dilation compared with no chemotherapy (45.5% vs
20.8%, P = 0.08), although the P value was not statistically
significant.

There were three patients who died within 90 d of
surgery, with a perioperative mortality rate of 2.8%. Of
those three deaths, one was due to renal failure, one was
associated with an abdominal infection and a bile leak
and another from acute respiratory distress syndrome
(ARDS). There were two deaths among the preoperative
chemotherapy (1.8%), all from oxaliplatin preoperative
treatment, while another death occurred in the HAI arm
(0.9%). There is no association between preoperative
chemotherapy and the risk of petioperative mortality (P
= 0.1). Patients with oxaliplatin (7 = 33) tended to have a
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higher risk of death (6.1%) #s no preoperative treatment
(0%), although the P value was not statistically significant
(P = 0.07). There were 2 deaths (3.9%) in 51 patients
with hepatic injury (one death was associated with an
abdominal infection and a bile leak, another from ARDS)
compared with one death (1.8%) in 55 patients without
hepatic injury (one from renal failure).

In our study, there were seven patients with concomi-
tant hepatitis before surgery, six with hepatitis B virus in-
fection and one with hepatitis C virus infection. Two of
these received neoadjuvant chemotherapy. However no
further liver injury or complication was observed in those
two patients.

DISCUSSION

Currently, chemotherapy has been commonly used as a
part of an integrated multimodality approach to CRM
and sometimes as the first treatment choice. Recently, an
increasing number of reports have shown that the ad-
ministration of preoperative chemotherapy can be associ-
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ated with pathological changes in liver parenchymamm.

However, the question remains whether these hepatic
injuries have any clinical significance.

In the current study, we performed a retrospective
analysis on the result of the use of preoperative treat-
ment, including chemotherapy and HAI, for any impact
on pathological liver injury and on clinical outcome, in-
cluding postoperative complication and mortality.

Our study results show that preoperative treatment
with oxaliplatin was significantly associated with a greater
likelihood of sinusoidal dilation compared with no che-
motherapy (42.4% vs 20.8%, P = 0.03), which is consis-
tent with other recently published studies!"*"*.

Interestingly, we observed that the incidence of si-
nusoidal dilation with oxaliplatin was 42.4%, relatively
higher than Vauthey ez al' (18.9%) and Pawlik ez al™”
reported (9.6%). The reason for the different preva-
lence of sinusoidal dilation is probably multifactorial.
Although progress has been made in this area, cohesive
guidelines have yet to be proposed and consensus is la-
cking on a uniform set of pathological terminology to
define chemotherapy-associated liver injury. The subjec-
tive variability between expert pathologists can lead to a
different incidence rate of pathological changes in liver
parenchyma. That is why we decided to have only one
pathologist with hepatobiliary expertise assess the degree
of liver injury and follow Vauthey’sm strict definition.

Until now, only a few studies have been able to con-
nect a given chemotherapeutic agent with a specific
histopathological injury and a meaningful adverse out-

[16
come

. In our study, preoperative oxaliplatin was not
significantly associated with an increase risk of postop-
erative complication (27.3% »s 13.2%, P = 0.1). Similar

. . 22-24
results were observed in other studies™ >

, indicating
that preoperative oxaliplatin had no impact on postop-
erative morbidity or mortality.

Among previous reports, only Vauthey ¢/ a/ linked
irinotecan-based chemotherapy with steatohepatitis and
increased 90 d postoperative mortality!*'%; 34 (8.4%) pa-
tients had steatohepatitis as defined by the nonalcoholic
steatohepatitis score. Irinotecan was associated with ste-
atohepatitis (20.2% incidence in the irinotecan group s
4.4% in the non-chemotherapy group, P = 0.0001) and
patients with steatohepatitis had an increased 90 d mor-
tality rate compared with patients who did have steato-
hepatitis. In our study, steatohepatitis (Kleiner score = 4)
was observed in 20 patients (18.8%), a higher rate than
that Vauthey reported (20.2%). However, no postopera-
tive complication or mortality was observed in patients
with irinotecan treatment. We need to closely monitor
the patient’s status when we use irinotecan before sur-
gery due to a relatively high steatohepatitis incidence
rate, although data is not sufficient at present.

HAI has been used extensively in the palliative treat-
ment of unresectable hepatocellular carcinoma. It was
observed in several studies that it could improve quality
of life, symptomatic control and survival time as a local
therapy for CRM™?, HAT is increasingly used in China
as a palliative treatment of unresectable CRM as it may
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increase the possibility of surgery and can be used when
surgery is not possible or not successful. However, less
attention has been paid to the hepatic histological injures
and perioperative complications after HAI, since it is
commonly excluded from preoperative studies which ob-
serve the impact on hepatic histology and its outcomes
for CRM. Until now, limited studies have explored whe-
ther HAI can affect the remaining liver for CRM and
determine whether it can be used before surgery to im-
prove postoperative recovery. Pulitano ez al™ reported
that postoperative morbidity rate were comparable
between the HAI group and surgery alone group (14%
vs 14%). He concluded that HAI of fluorodeoxyuridine
does not negatively affect the outcome of subsequent
liver resection. However, his article did not evaluate the
hepatic pathological changes. In our study, we observed
that HAI was associated with a higher risk of steatosis,
sinusoidal dilation and steatohepatitis compared with
non treatment before surgery. In addition, patients who
received HAI tended to have more postoperative mor-
bidity and mortality; those data alerted us to be more
careful about its adverse impact on hepatic histology,
despite a limited small sample size.

Discussion about the optimum interval between che-
motherapy and hepatectomy has been based on the as-
sumption that hepatic side effects of chemotherapy are
time-related and reversible. Kopetz ez al™ reviewed the
data and stated that a limited course of chemotherapy,
with an interval of at least 5 wk, might minimize the in-
cidence of surgical complications. Although the optimal
timing of hepatic resection after completion of chemo-
therapy varies among institutions, a consensus is evolv-
ing for a minimum interval of 4 wk to allow the liver to
recover, in the hope of reducing morbidity and mortal-
ity. In our study, almost all recruited patients received
hepatic resection after completion of chemotherapy
with an interval of 4-6 wk. Based on the clinical practice
in our cancer center, the preoperative complication rate
is observed at 13.2%, comparable with other reported
papers[zg].

Given this, the use of preoperative chemotherapy and
HAI may need to be more carefully monitored and the
choice of regimen and duration of treatment tailored to
the particular individual’s situation. Future investigations
will be needed to clarify the pathogenesis and molecular
pathways underlying the cause of chemotherapy-associ-
ated liver injury and its relationship to other known path-
ways. In addition, only through a thorough understand-
ing of the patient’s status and the patient’s liver condition
prior to administration of systemic chemotherapy can
potentially confounding vatiables be accounted for and
the true impact of systemic chemotherapy on the liver
be determined™”.

Preoperative oxaliplatin was associated with sinu-
soidal dilation compared with surgery alone. However,
the preoperative oxaliplatin had no significant impact
on perioperative outcomes. HAI can cause pathological
changes and tends to increase perioperative morbidity
and mortality.

March 27,2013 | Volume 5 | Issue 3 |



Lu QY et a/. Hepatic histopathology and postoperative outcome

COMMENTS

Background

Colorectal cancer (CRC) is one of the most common causes of cancer death
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reported changes in the characteristics of colorectal cancers in China.
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Preoperative chemotherapy before resection of hepatic colorectal metastases
may cause hepatic injury and affect the postoperative outcome. The objective
of this study was to assess the effects of preoperative treatment on the hepatic
histology of non-tumoral liver and the postoperative outcome.

Terminology

Preoperative oxaliplatin was associated with sinusoidal dilation compared with
surgery alone. However, preoperative oxaliplatin had no significant impact on
perioperative outcomes. Hepatic artery infusion can cause pathological chang-
es and tends to increase perioperative morbidity and mortality.
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Abstract

Clostridium difficile (C. difficile) is the most common
cause of healthcare associated infectious diarrhea. In
the last decade, the incidence of C. difficile infection
has increased dramatically. The virulence of C. difficile
has also increased recently with toxigenic strains de-
veloping. C. difficile is generally a disease of the colon
and presents with abdominal pain and diarrhea due to
colitis. However, C. difficile enteritis has been reported
rarely. The initial reports suggested mortality rates
as high as 66%. The incidence of C. difficile enteritis
appears to be increasing in parallel to the increase in
colonic infections. We present two cases of patients
who had otherwise uneventful abdominal surgery but
subsequently developed C. difficile enteritis. Our litera-
ture review demonstrates 81 prior cases of C. difficile
enteritis described in case reports. The mortality of the
disease remains high at approximately 25%. Early rec-
ognition and intervention may reduce the high mortal-
ity associated with this disease process.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Clostridinm difficile (C. difficile) is a common nosocomial in-
fection caused by a gram-negative spore forming organ-
ism that most commonly leads to pseudomembranous
colitis™. The incidence of C. difficile infection has been
increasing rapidly since the early 2000s™”. The rate of C.
difficile infection nearly tripled between 1996 and 2005",
The number of severe cases of C. difficile infection is also
rising; the number of fatal cases in England rose from
approximately 500 in 1999 to nearly 3400 in 2006, The
increasing severity of disease may be due to a rise in an
epidemic strain, NAP1/BI/027, which produces toxin A
and B in significantly greater quantity compared to the
normally occurring strain. C. difficile resides in the colon
and risk factors for infection, such as antibiotic use, are
generally those that alter normal colonic flora. However,
we present two cases of patients diagnosed and treated
with C. difficile enteritis. Due to the rare nature of this
disease we reviewed the literature on the subject and
present data to suggest increasing recognition of this
manifestation of C. difficile.

CASE REPORT

Case 1

The first patient is a 54-year-old Caucasian male with
ulcerative colitis who underwent a total proctocolectomy
with end ileostomy in 1997. He developed a parastomal
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hernia that was becoming increasingly symptomatic. Fol-
lowing a discussion with the patient regarding the risks
and benefits of parastomal hernia repair, he underwent
an exploratory laparotomy with enterolysis, parastomal
hernia repair and re-siting of the ileostomy. The her-
nia defect was repaired primarily with a biologic mesh
underlay (Alloderm, Lifecell®). He received one preop-
erative dose of cefoxitin; consistent with preoperative
antibiotic guidelines. The operation was uneventful. His
postoperative course was uncomplicated; on postopera-
tive day 4 he was tolerating a regular diet and had nor-
mal ileostomy output. He was subsequently discharged
home.

Twenty-four hours later, he returned to the hospital
emergency department with complaints of abdominal
pain and feculent vomiting, Vital signs on arrival were
notable for a temperature of 38.5 °C, heart rate of 130
beats pet minute and blood pressure of 150/90 mmHg.
On physical exam his abdomen was diffusely tender to
palpation without peritoneal signs. The ileostomy was
viable and there was gas and a small amount of fluid
noted in the ostomy bag. A nasogastric tube was placed
and returned 1600 mL of feculent effluent.

Laboratory examination revealed a white blood cell
count of 5400 cells/mm’, hemoglobin of 16 g/dL,
and 192 000 platelets/mm3 and a serum lactate of 2.1
mg/dL. An abdominal and pelvic computed tomogra-
phy (CT) scan obtained in the emergency department
revealed mildly dilated, fluid filled small bowel without a
transition point. There was a small amount of free fluid
and air which was consistent with the history of recent
laparotomy. Blood cultures were obtained in the emer-
gency department.

He was transferred to the intensive care unit for fluid
resuscitation and started on broad-spectrum antibiotics.
Serial abdominal exams were performed over the course
of the next several hours, and he began to stabilize clini-
cally. Notably, his tachycardia began to resolve and his
urine output increased. Additionally, during this time, his
ileostomy began to produce copious amounts of fluid
and gas requiring frequent ostomy bag changes. The
following day, his blood cultures returned positive for
Enterococcus and his stool studies from his stoma output
were positive for C. difficile.

Treatment for C. difficile was initiated with oral metro-
nidazole but was subsequently changed to a combination
of intravenous metronidazole and vancomycin enemas
as the patient was not tolerating oral intake well. On
hospital day 2, the antibiotic regimen used to treat the
bacteremia was tailored to intravenous vancomycin alone
based on sensitivity information. The patient improved
with his antibiotic treatment and was transitioned to oral
vancomycin for treatment of C. difficile. He was treated
for a total of 14 d and he had complete resolution of his
symptoms.

Case 2
The second case is a 48-year-old male patient with a
history of diverticulitis who presented with left lower
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quadrant abdominal pain. His vital signs were normal
on admission. A CT scan revealed inflammation of the
sigmoid colon without evidence of a discrete fluid col-
lection. The patient was initially started on intravenous
antibiotics. However, approximately 24 h following
admission, the patient developed worsening abdominal
pain. His abdominal examination demonstrated worsen-
ing tenderness, with diffuse rebound and guarding. After
discussion of operative risks he was taken to the operat-
ing room for exploration.

The sigmoid colon demonstrated only a focal area
of perforation with moderate inflammation. A sigmoid-
ectomy was performed with healthy proximal tissue and
normal rectum. A primary anastomosis was performed
using an EEA stapling device. A diverting ileostomy
was performed to protect the anastomosis. The patient
received 24 h of antibiotic treatment prior to operation
which included three doses each of ciprofloxacin and
metronidazole. Postoperatively, the patient developed an
ileus which resolved on postoperative day 6. He was tol-
erating a diet following this. On postoperative day 8, the
patient experienced significantly increased output from
his ileostomy (greater than 2 L). A C. Difficile toxin sent
from the ileostomy returned positive. The patient was
started on intravenous metronidazole and improved. He
was transitioned to oral medications upon discharge to
complete a 14 d course.

Literature review
A systematic literature review was conducted by search-
ing PubMed for the terms “enteritis” and “Clostridinm
difficile’. One hundred and ninety-two citations were
screened. One-hundred and fifty-eight were excluded
based on review of title or abstract. Thirty-four citations
were reviewed and the references of individual reports
were hand searched to identify any missed reports. Data
was extracted from individual case reports. All patients
were symptomatic and tested positive for C. difficile.
There were 34 reports identified from this search (Figure
1). We did not perform a meta-analysis due to the het-
erogeneity of the data and lack of randomized trials.
There were 81 cases of C. difficile enteritis found in
the literature™", with the addition of our cases, the total
number of cases is now 83. Figure 2 illustrates that the
number of cases has increased considerably in the last
decade. There were 9 cases reported between the years
1980 and 2000. Since then there have been 73 cases re-
ported. The mortality from the first 9 cases reported was
67% (6/9). The overall mortality of the 83 cases pub-
lished is 23%. The average age of patients is 54 * 2.44
years. Male patients constituted 53% of the cohort. An-
tibiotic use in the prior 4 wk was 71% and the incidence
of inflammatory bowel disease was 41%. Twenty-one of
83 patients died resulting in a mortality rate of 23%.

DISCUSSION

C. difficile is the most common cause of health care-asso-

ciated infectious diarrhea™. As first described, C. difficile
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‘ 192 citations screened for eligibility ‘

/\

‘ 158 excluded (in vitro work, animal studies, etc.) ‘

W

‘ 34 citations reviewed ‘

\

25 single
case reports

4 reports of 2 cases
(including current experience)

2 reports
of 3 cases

1 reports
of 4 cases

1 reports 1 reports
of 12 cases of 22 cases

Figure 1 CONSORT diagram indicating the results of the systematic literature review. The results of the systematic review demonstrated 34 citations that met
criteria for inclusion. There were a total of 83 patient-cases of Clostridium difficile enteritis identified.
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Figure 2 Number of cases has increased considerably in the last decade. A:

1980-2012; B: The cumulative number of cases over the same time period.

colitis was thought to be associated with the exclusive use
of clindamycin administration”. Ironically, the bacteria
that was difficult to grow (thus the difficile) is now increas-
ing with dramatic incidence™. The increase in incidence
is due, in patt, to the highly virulent NAP1/BI/027 strain
of C. difficife. In the United States, the frequency of C.
difficile infection has doubled in the past 10 years™. The
understanding of C. difficile and its pathophysiology has
increased substantially over the past few decades. Severe
C. difficile infection is being reported more frequently in
patients not previously thought to be at high risk, includ-
ing children”™\. Tt is possible that C. difficile enteritis is
less dependent on alterations in colonic flora to develop.
C difficile enteritis has previously been considered a rare
disease. However, as highlighted in our review, the inci-
dence of this also appears to be increasing.

Predisposing factors to C. difficile infection include
prior antibiotic use; which is thought to alter the colonic
flora, allowing C. difficile to proliferate. Many case re-
ports, including ours, would suggest that previous antibi-
otic use is also associated with C. difficile enteritis. Laval-
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lée et al™ report that ten of twelve patients with ileal C.
difficile had recent antibiotic administration (one did not
have recent antibiotic use and one was not documented).
Similarly, Lundeen ez a/*" present 6 cases of C. difficile
enteritis in which all 6 cases had recent antibiotic expo-
sure. However, Tsiouris ¢z a/™ report 22 cases in which
the association with prior antibiotic use is less strong, Of
the 22 patients in this series, only 22.7% demonstrated
recent use of antibiotics. Based on our review, the as-
sociation is still high, as 71% of patients had received
antibiotics within 4 wk of presentation with C. difficile
enteritis.

It is believed that gastric acid is a key mechanism of
defense against ingested pathogensm. C. difficile has been
identified as a pathogen in animals and has been identi-
fied in some food productsm]. Therefore, it is possible
that transmission from ingested meats may occur™. Pro-
ton pump inhibitor (PPI) and H2-blockers are frequently
used for gastric acid suppression. Acid suppressive the-
rapy has been demonstrated to significantly increase the
risk for C. difficile infection™*". The patient in Case 1 was
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treated preoperatively with a PPI for gastroesophageal
reflux disease. Case 2 was not on outpatient therapy, but
did receive a PPI postoperatively. This association is not
entirely clear, however, as Lundeen e# al™” reported six
cases, in which only one patient was on acid reducing
therapy.

The pathophysiology of C. difficile enteritis is not well
understood. Patients with an ileostomy may develop a
metaplasia of the terminal end, creating an environment
more similar to the colonic environment™. Addition-
ally, changes in the intestinal flora have been noted after
ileostomy™. Testore ez a/* isolated C. difficile from jeju-
num in asymptomatic human autopsy specimens. This
supports the theory that small bowel may act as a reset-
voir. Kralovich e /"™ demonstrated 7z vivo that a patient
with a jejunal-ileal bypass developed C. difficile infection
in the defunctionalized limb. In addition to alterations
in the host, changes in the pathogen may also be re-
sponsible for the development of C. difficile enteritis.
Small bowel mucosa requires a higher concentrations of
toxin for infection to occur™. In this case, the toxigenic
NAP1/BI/027 strain may be more capable of causing
small bowel infection. This is hypothetical at this point,
but the increased recognition of C. difficile enteritis is
compatible with the timing of the rise in NAP1/BI/027.
This strain has been confirmed as the causative agent in
one case of C. difficile enteritis'”. We did not specifically
test for NAP1/BI/027 strain and, therefore, cannot de-
termine if this was a predisposing factor in our patients.

The diagnosis of C. difficile enteritis requires a high
index of suspicion. As many patients may not initially be
suspected of C. difficile infection, CT scan evidence may
be useful. Wee ¢ al”” reviewed CT scan findings in four
patients with C. difficile enteritis. They suggest that ascites
and fluid-filled small bowel in the presence of mild mes-
enteric stranding could be considered consistent with C.
difficile enteritis. Our patient in Case 1 demonstrated fluid
filled loops of small bowel and a moderate amount of
ascites. This was initially thought to be due to his recent
surgery. However, these findings are consistent with the
reported CT findings of small bowel C. difficile.

Treatment for C. difficile enteritis is generally similar
to that for colonic infections. Oral metronidazole is
considered standard first line therapy. However, Follmar
et al” report the use of vancomycin for metronidazole
resistant C. djfficile. Severe C. djfficile infection may be bet-
ter treated with vancomycin*". In our patient, due to
his ileus and his severe clinical status, we elected to use
intravenous metronidazole and vancomycin enemas for
his initial treatment.

It should be noted that our review is focused on case
reports. There is no prospective data on the incidence of
C. difficile enteritis. Therefore, it is not possible to know
whether the apparent increase in cases is a true increase
in incidence or if there is simply more reporting of the
disease. However, even in the context of simply more
reporting, the mortality remains high and increased rec-
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ognition will still remain a priority.

The mortality of C. difficile enteritis has historically
been considered very high as the initial 9 reports demon-
strated a mortality of 66%. However, as the experience
has steadily accumulated, the mortality rate appears to
be decreasing. Our report of a mortality rate of 25.3% is
lower than earlier reports, but remains substantial. This
clinical entity is still rare and requires a high index of
suspicion to initiate treatment early. As the use of anti-
biotics, immunosuppressive agents, and the age of the
patient population will all continue to increase it is likely
that C. difficile infections, including C. difficile enteritis will
only continue to increase. Awareness of this process and
efforts to determine the optimal treatment will continue
to be necessary.
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Abstract

Intestinal malrotation occurs when there is a disrup-
tion in the normal embryological development of the
bowel. The majority of patients present with clinical
features in childhood, though rarely a first presentation
can take place in adulthood. Recurrent bowel obstruc-
tion in patients with previous abdominal operation for
midgut malrotation is mostly due to adhesions but
very few reported cases have been due to recurrent
volvulus. We present the case of a 22-year-old gentle-
man who had laparotomy in childhood for small bowel
volvulus and then presented with acute bowel obstruc-
tion. Preoperative computerised tomography scan
showed small bowel obstruction and features in keep-
ing with midgut malrotation. Emergency laparotomy
findings confirmed midgut malrotation with absent ap-
pendix, abnormal location of caecum, ascending colon
and small bowel. In addition, there were small bowel
volvulus and a segment of terminal ileal stricture. Lim-
ited right hemicolectomy was performed with excellent
postoperative recovery. This case is presented to illus-
trate a rare occurrence and raise an awareness of the
possibility of dreadful recurrent volvulus even several
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years following an initial Ladd’s procedure for midgut
malrotation. Therefore, one will need to exercise a
high index of suspicion and this becomes very crucial
in order to ensure prompt surgical intervention and
thereby preventing an attendant bowel ischaemia with
its associated high fatality.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Intestinal malrotation occurs when there is a distuption
in the normal embryological development of the bowel
rotation, elongation and fixation. Normal developmental
gut rotation takes place around the superior mesenteric
artery (SMA) which supplies the midgut. Disturbance of
this process will lead to incomplete or non-rotation of
the foetal midgut. This condition affects approximately 1
in 500 live births with the vast majority of the associated
complications presenting in the first month of life when
its diagnosis is made'". Tt has been reported that well
over 90% of the affected individuals manifest by the
time of their first birthday" .

The diagnosis of midgut malrotation is rarely re-
ported in adults®”. A small proportion of the cases go
undetected until adulthood when they are incidentally
diagnosed in the course of radiological investigations
or operative interventions for acute bowel obstruction
or other unrelated conditions” . There is even a lesser
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group of patients presenting later in life with intermit-
tent non-specific acute or chronic symptoms where the
diagnosis is particulatly difficult to make and the condi-
tion can go on for life undetected™”.

This is a report of a young adult who previously
underwent a laparotomy three weeks of age for bowel
volvulus and represented later with acute small bowel
obstruction due to recurrent volvulus in the setting of
midgut malrotation. This unique case is reported to il-
lustrate a rare occurrence of recurrent volvulus follow-
ing Ladd’s procedure for midgut malrotation. Therefore,
a high index of suspicion is required for early diagnosis
and prompt surgical intervention in order to prevent the
risk of bowel gangrene and its associated high fatality.

CASE REPORT

A 22-year-old gentleman presented with three days histo-
ry of an acute onset central abdominal pain, progtressive
distension and vomiting, Patient has been experiencing
intermittent abdominal pain for weeks and erratic bowel
habit with scanty pellet-like stool prior to presentation.
He had presented 2 wk ecatlier and underwent an emer-
gency left inguinal hernia repair which was misdiagnosed
as the cause of the intermittent abdominal pain. There
was a background history of laparotomy for “twisted”
bowel when he was 3-wk-old.

Physical examination at this presentation showed de-
hydration, distended abdomen with tenderness around
the umbilicus. There was no peritonitis and bowel sounds
were high pitched and hyperactive. Rectum was empty.

Blood tests were unremarkable with normal param-
eters for full blood count, urea and electrolytes, liver
function tests, arterial blood gases, C-reactive protein
and lactate. The abdominal radiograph showed features
of a small bowel obstruction. This was subsequently
confirmed on the abdominal computerised tomography
(CT) scan. The caccum was located to the upper left
quadrant with the large bowel on the left of the abdo-
men and most of the small bowel loops were on the
right side (Figure 1A). There was failure of progress of
the duodenum to the left side of the spines and aorta
(Figure 1B). There was also a reversal of the relationship
between the mesenteric artery and vein (Figure 1C). A
diagnosis of adhesions causing bowel obstruction in the
setting of midgut malrotation was made.

The patient was adequately resuscitated and under-
went an emergency laparotomy and limited right hemi-
colectomy with ileocolic anastomosis. The findings at
operation were consistent with midgut malrotation, with
small bowel on the right side and pelvis, caecum and
ascending colon on the left upper abdomen and the du-
odenal-jejunal flexure on the right side of the ascending
colon. The appendix was absent presumably removed at
the previous laparotomy. There were minimal intra-ab-
dominal adhesions. The cause of obstruction was small
bowel volvulus with dilated, congested but viable bowel
and a segment of chronically thickened and strictured
terminal ileum presumably the site of previous ileoileal
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Figure 1 Computerised tomography scan. A: Abnormal location of the
caecum and terminal ileum and most of the small bowel to the right side of the
abdomen; B: Non-progression of the duodenum across the spines and aorta; C:
Reversal of the relationship between mesenteric artery and vein.

anastomosis in childhood (Figure 2). The patient made
a good recovery postoperatively and was discharged
home a week after the operation. Follow up in the clinic
showed no recurrence of symptoms up until 6 mo after
surgery.

DISCUSSION

Midgut malrotation is a rare cause of intestinal obstruc-
tion in adult life and only few of such cases have been
reported in the literature™ """, Recurrent intestinal ob-
struction is even rarer in adults who have been previ-
ously operated for gut malrotation and few of such cases
have been reported. Features of intestinal obstruction in
patients who have had previous laparotomy always raise
the suspicion of adhesions as the aetiological factor. The
other possible causes to consider are either postoperative
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Figure 2 Intraoperative findings showing high riding left upper quadrant
caecum, dilated congested but viable small bowel on the right of the ab-
domen. Terminal ileum entering the caecum on the right side.

midgut volvulus or internal herniation and few of the
latter have been reported following laparoscopic appen-
dicectomy, cholecystectomy and gastric banding opera-
tions'>"". The reason(s) for this rare phenomenon fol-
lowing laparoscopic operations is not well understood.
Biko et @/ in their retrospective review of obstructive
symptoms in patients post Ladd’s procedure showed that
adhesive small bowel obstruction was more common
than the most dreaded recurrent gut volvulus.

Midgut malrotation is rarely considered as an under-
lying diagnosis in adults and may present in various ways.
Our patient had a history of abdominal surgery as a
child for volvulus but there was no knowledge of the ae-
tiological factor at the time of this presentation. He pre-
sented initially two weeks eatlier with features of suba-
cute obstruction and finding of a left inguinal hernia. He
had a presumed diagnosis of an obstructed left inguinal
hernia and underwent an emergency hernia operation.
However, this treatment did not resolve his symptoms
hence necessitating a representation with an acute bowel
obstruction. The initial diagnosis of acute adhesive
bowel obstruction was made on the background history
of previous laparotomy he had as a 3-wk-old child. The
clinical diagnosis of midgut malrotation in adolescents
and adults is difficult because it is rarely considered on
clinical grounds. Beside, many of these patients remain
asymptomatic and majority of them are only discovered
incidentally during investigations or laparotomy. Dietz
et al” in a series of 10 adults with intestinal malrotation
showed that 4 and 5 of them presented with acute and
chronic bowel obstructive symptoms respectively and
one patient had an acute abdomen due to appendicitis.

Recurrent volvulus as a cause of bowel obstruction
following Ladd’s operation for midgut malrotation is
very rare both in children and adult life and very few of
such cases have been reported in literature!” " (Table
1). Recurrent symptoms in such cases are usually con-
sidered to be due to adhesions and one may be inclined
to adopt a non-operative approach. Fu ¢ a/'” reported
only two recurrences in a series of 12 adults treated for
symptomatic malrotation with one of them requiring a
reoperation and the other managed conservatively. It is
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Table 1 Reported cases of recurrent intestinal volvulus

following previous Ladd’s procedure for midgut malrotation

Ref. Year No of Diagnosis Management
cases of volvulus

Fu 2007 3  2-recurrent volvulus 1-surgery

et al™ 1-adhesive bowel obstruction 1-conservative
treatment

Mazeh 2007 1 Recurrent volvulus Surgery

et al™”

Alkan 2007 1 Recurrent volvulus Surgery

et al™

Tashjian 2007 3  1-recurrent volvulus All had

et al™ 1-adhesive bowel obstruction surgery

1-closed loop obstruction

Panghaal 2008 1 Recurrent volvulus Surgery

et al®™

El-Gohary 2010 10 1-recurrent volvulus Surgery

et al®! 9-adhesive bowel obstruction

Biko 2011 9  1-recurrent volvulus Surgery

et al™ 8-adhesive bowel obstruction

Thiscase 2012 1 Recurrent volvulus Surgery

believed that the increasing use of CT scan will enable
one to make such diagnosis with certainty preoperatively
as this has the overall advantage of detecting the abnor-
mal location of the midgut as well as any other intra-
abdominal anomalies. The finding of midgut malrota-
tion should make one to suspect a possible diagnosis of
intestinal volvulus which may require an early surgical
intervention so as to prevent the most dreadful and life
threatening bowel ischaemia and infarction.

The standard surgical intervention in patients with
obstructive symptoms and gut malrotation is Ladd pro-
cedure which was originally described in paediatric popu-
lation by Ladd™. This procedure consists of 4 elements
including the division of Ladd’s bands ovetlying the
duodenum; widening of the narrowed root of the small
bowel mesentery by mobilising the duodenum and divi-
sion of the adhesions around the SMA to prevent further
volvulus; counterclockwise detorsioning of the midgut
volvulus if present and appendicectomy to prevent future
diagnostic dilemma of an abnormally located inflamed
appendix[zz]. Most authors are of the opinion that Ladd’s
procedure is an adequate treatment for intestinal malro-
tation but various modifications of this operation have
been reported. The full components of this procedure
may not be required in the adult group to deal with the
bowel obstruction™ . One of the clear objectives of
surgical management of midgut malrotation is to prevent
recurrent volvulus and there are various techniques used
to prevent such complication. This includes re-establish-
ment of the normal gut anatomy by duodenopexy, cae-
copexy and suture fixation of the ascending colon to the
right abdominal wall, in the retroperitoneal positionlg’gj.
There are reports of increasing use of laparoscopic ap-
proach to Ladd’s operation in the literature™” with ex-
cellent outcome.

It was difficult to ascertain the full details of the
procedure(s) performed in our patient in childhood as
the operation took place in a different hospital with una-
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vailable medical records. Our best guess is that he may
have had the standard Ladd’s procedure at that age as the
appendix and the classical Ladd’s bands were absent at
laparotomy. We presumed he may have also had a bowel
resection for ischaemic bowel resulting from volvulus as
evident by strictured distal ileum. There was no evidence
that a caecopexy and/or fixation of the ascending colon
to the right abdominal wall were performed. This patient
had a recurrent small bowel volvulus and chronic stric-
ture of the distal ileum causing acute bowel obstruction.
Recurrent small bowel volvulus also may have been en-
couraged by the minimal adhesion formation following
the laparotomy he had in childhood. He then underwent
a limited right hemicolectomy and ileocolic anastomosis
with an uneventful postoperative recovery.

In conclusion, midgut malrotation is rare in adult
population but an important factor contributing to bowel
obstruction in that group. The most dreadful and life
threatening complication of intestinal malrotation both
in children and adults is gut volvulus with possible is-
chaemic changes and associated high mortality. However,
recurrent volvulus resulting from intestinal malrotation
is uncommon after treatment with Ladd’s procedure and
only very few of such cases have been reported in the
literature. Majority of recurrent bowel obstructive symp-
toms are due to adhesions from previous laparotomy.
Therefore, one will need to exercise a high index of sus-
picion and an awareness of the possibility of recurrent
volvulus even several years following an initial Ladd’s
procedure. This is crucial to ensure prompt surgical in-
tervention in order to prevent attendant bowel ischaemia
and a high fatality rate.
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Abstract

Duodenal diverticula (DD) are frequently encountered
and are usually asymptomatic, with an incidence at au- INTRODUCTION
topsy of 22%. Perforation of DD is a rare complication . i i
(around 160 cases reported) with potentially dramatic ~ Duodenal dlvertlculuom (DD is common, with a report-
consequences. However, little evidence regarding its ~ € prevalence of 22% at autopsy . A similar incidence
treatment is available in the literature. The aim of this ~ Das been reported during Cl[lgloscoplcmtfogfade cholan-
study was to review our experience of perforated DD, ~ giopancreatography (ERCP)™". The most frequent loca-

with a focus on surgical management. Between Janu- tion is thlg second and third portions of the duodenum
ary 2001 and June 2011, all perforated DD were retro- ~ (D2-D3)".

spectively reviewed at a single centre. Seven cases (5 Although, DD is rarely symptomatic and only 5%
women and 2 men; median age: 72.4 years old, rang: of patients present with symptoms due to the compres-
48-91 years) were found. The median American Soci-  sion of ncighbouring organs, cholestasis (in cases of
ety of Anesthesiologists’ score in this population was 3 periampullary diverticulum), haemorrhage, inflammation
(range: 3-4). The perforation was located in the sec- or perforation’. One hundred and sixty-two cases of
ond portion of duodenum (D2) in six patients and in  petforated DD have been reported in the literature” .
the third portion (D3) in one patient. Six of these pa- The supposed cause of perforation in 57% of cases is

tients were treated surgically: five patients underwent ischaemic processes due to distension related to food
DD resection with direct closure and one was treated retention in the diverticula”. Other reported causes are
by surgical drainage and laparostomy. One patient was ulcerations, enterocolitihs, blunt abdominal trauma and
treated conservatively. One patient died and one pa-  perforation due to the ERCP procedure™ ',
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However, diagnosis remains a challenge, with many
potential differential diagnoses, including perforated
duodenal ulcer. Helical computed tomography (CT) has
emerged as a useful diagnostic tool and most centers
now use CT routinely to confirm the diagnosis. Yet sur-
gical exploration in unstable and septic patients is still
considered mandatory, especially if the diagnosis is not
clear™",

The appropriate surgical management remains under
debate. A surgical approach is usually advocated. How-
ever, some groups[5’14’15] have reported using a more con-
servative approach, and demonstrated that non-operative
management is a safe and practical alternative to surgery
in selected patients. The aim of this study was to review
our 11-year experience with perforated DD at a single
centre with a special focus on surgical management.

CASE REPORT

Between January 2001 and June 2011, all perforated DD
were retrospectively reviewed at a single center. Only

non-traumatic cases were included. latrogenic perfora-
tions (e.g. during endoscopy) were excluded from the
study. For all the analyzed patients a CT-scan was pet-
formed at the admission. Seven cases (five women and
two men; median age: 72.4 years old, range: 48-91 years)
wete found. The median American Society of Anesthesi-
ologists’ (ASA) score in this population was 3 (range: 3-4).
Six cases were treated surgically and one with a naso-
gastric tube and antibiotics (Taylot’s approach for upper
digestive perforation).

We report herein a series of seven cases of spontane-
ous DD perforation (Table 1). The clinical presentation
was abdominal pain in six cases and bilateral basithoracic
pain in one case. Of note, only one patient was admit-
ted with severe septic shock. All the patients presented
elevated leucocyte count and C-reactive protein. Diag-
nosis was performed by CT scans in 42.8% (3 out of 7)
of the cases (Figure 1). Diagnosis of the other cases was
made intra-operatively. Six patients underwent surgery
(85.7%). Of these, five cases had an ASA score of 3 and
one an ASA score of 4. The perforated DD was located
at the D2 level in six cases (85.7%) (Figure 2A and B)
and at the D3 level in one case. All the patients received
endovenous antibiotics therapy for 10 d (ceftriaxone and
metronidazole). In five cases surgical treatment (Table 2)
involved resection of the DD and direct duodenal suture.
A nutritional jejunostomy was also performed in three
cases.

A transpapillary bilio-duodenal drain was used in the
patient with a D3 perforation due to the proximity of
Vater’s papilla. Only one patient presented with septic
shock, and at laparotomy, a damage control approach
was chosen (drainage and laparostomy) given the insta-
bility of the patient, and the important bowel edema that
did not allowed to close the abdominal wall.

The non-surgically treated case was treated with an-
tibiotics and a naso-gastric tube because presented with
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Figure 1 Computed tomography scan of case 5 showing a perforated
duodenal diverticula.

Figure 2 Intraoperative image of case 6 (A) and 7 (B) after a Kocher ma-
noeuvre. A: A perforated duodenal diverticulum was found after performing a
Kocher manoeuvre.

only bilateral basithoracic pain, and a diagnosis of a cover
DD perforation was performed on CT scan. An image
control (Upper passage opacification Rx with gastrogra-
phine®) was performed after 7 d after the oral intake. In
terms of outcome, a suture leak occurred in one patient
at post-operative day-5; this leak did not require surgery
and was conservatively treated with success (nasogastric
tube and endovenous antibiotics). One patient died (moz-
tality: 14.3%) after a cardiac complication-cardiac failure.
This patient was admitted in a critical condition with
severe septic shock and the preferred surgical treatment
was damage control surgery. Oral intake was restored for
all the patients on average seven days after the operation.
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Table 1 Results of population characteristics and clinical presentation

Case Age (yr) ASA Symptoms

Shock Diagnosis Perforation localization Follow-up

1 91 3 RUQ acute pain, nausea and vomiting

2 68 4  Epigastria acute pain, septic shock

3 83 3  RUQ acute pain, nausea and vomiting

4 78 3  Epigastria acute pain, nausea and vomiting

5 76 3 Bilateral basithoracic pain

6 65 3  Epigastria and RUQ acute pain, nausea and vomiting
7 48 3 RUQ pain irradiating to the back

No  Surgery D2 Alive at present after 12 yr
Yes  Surgery D2 Died

No  CTscan D2 Lost after 5 yr of follow-up
No  Surgery D2 Lost after 5 yr of follow-up
No  CTscan D2 Lost after 9 yr of follow-up
No  Surgery D2 Alive after 1 yr of follow-up
No  CTscan D3 Alive after 2 yr of follow-up

ASA: American Society of Anesthesiologists’ score; CT: Computed tomography; RUQ: Right upperquadrant.

Table 2 Results of treatment

Case Localization Treatment

Morbidity-mortality Hospital stay (d)

bilio-duodenal drain

1 D2 Excision, direct duodenal suture and nutritional jejunostomy 26
2 D2 Drain and laparostomy Died (cardiac comorbidity) 1
3 D2 Excision, direct duodenal suture and nutritional jejunostomy 18
4 D2 Excision and direct duodenal suture Conservatively treated suture leak on POD day 5 30
5 D2 Gastric tube and antibiotics therapy 16
6 D2 Excision and direct duodenal suture 15
7 D3 Excision, direct duodenal suture, nutritional jejunostomy and 22

POD: Post-operative day.

The median hospital stay was 21.1 d (range: 15-30 d). No
long-term complications were detected (median follow-
up of 63 mo).

DISCUSSION

Perforation is an uncommon complication of DD and
also one of the most serious''’. In this papet, we present
one of the largest series (seven patients) published to
date. The overall outcomes are encouraging, with a low
mortality rate and acceptable morbidity. In fact, the most
recent review reported rates of morbidity and mortality
of 33% and 8%-34% respectively”. Our results compare
favorably with these data.

Although well known as a possible complication of
DD, few reports of perforation can be found in the lite-
rature. In fact, Thorson ¢ a/” recently reviewed the avail-
able literature and found only 162 cases. The leitmotif
remains a difficult preoperative diagnosis. Indeed, the
symptoms atre often non specific and vague. Yet, one of
the most frequent patterns of presentation seems to be
right upper abdominal pain associated with nausea and
vomiting, as found in our series. Moreover, the differen-
tial diagnosis is wide and can be confusing. The most dif-
ficult differential diagnosis is a perforated duodenal ulcer,
which can show the same pattern in the clinic and on CT
scan. Since the wide diffusion of CT, the preoperative
diagnosis of perforated DD has increased, and this is
currently the best imaging modality available. Although
the final diagnosis is often made in the operating room,
CT is undeniably helpful and can sometimes differenti-
ate perforated DD from a perforated duodenal ulcer.
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In addition, perforation may cause retroperitoneal ab-
scesses'*'". However, we did not find extended abscesses
of the retroperitoneal area in our case series, probably
thanks to the early performance of CT scans (maximum
delay of 6 h). Therefore, CT is usually the first diagnostic
procedure to be performed even though its specificity is
below 100%.

In terms of the location of the perforation, the sec-
ond and third duodenal portions are involved in most
cases™ ", as observed in our series. As a corollary to its rar-
ity, the management of perforated DD remains subject
to debate. No surgical guidelines have been published for
perforated DD, as only case reports and small series (up
to 8 patients) have been reported in the literature™' ",
In general, the surgical approach was considered the
treatment of choice. However, several recent cases were
treated with bowel rest, a naso-gastric tube and antibiot-
ics, with encouraging results in selected patientsls’lsl. If a
surgical intervention is highly indicated for unstable pa-
tients, the conservative approach deserves consideration
since its use appears to be attractive in more stable pa-
tients. This option may be particularly useful in a patient
of advanced age or in a patient with multiple medical co-
morbidities who is a prohibitive operative risk! . On the
other hand, in a patient with mild abdominal symptoms
and no evidence of impending sepsis, non-operative
management may suffice™. Taylor’s approach is widely
and successfully used for upper digestive perforation
and perforated DD could be treated using the same
technique. In the present series, the only patient who
underwent conservative treatment was selected for such
treatment because he presented with mild symptoms and
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a clear diagnosis was possible preoperatively. Therefore,
in selected patients with a precise CT-scan diagnosis and
good clinical condition, conservative treatment can be
considered.

In terms of surgical approach, several technical op-
tions are available, ranging from local excision to the
Whipple procedure, depending on the location of the
DD and the inflammatory status'"”. Morcover, laparo-
scopic diverticulectomy has also been reported to give
good results!”. In their recent review, Thorson ef al”
found diverticulectomy to be the most common treat-
ment (49%). In our series, five patients were surgically
treated with an almost identical procedure: excision of
the DD and direct suture, with a drain placed in the re-
section area.

Nutritional jejunostomy was performed in three of
the five cases and a naso-gastric tube was left in place
for at least 7 d. Of note, in one case, a transcystic biliary
drain was necessary due to the location of the perfo-
rated periampullary DD. This was introduced in order
to prevent biliary stenosis in relation to the duodenal
suture. Perforation of a DD is a very serious complica-
tion and may be fatal. Early CT scan is recommended
for diagnosis in suspected cases. Our therapeutic strategy
for a perforated DD is resection of the diverticula and
direct suture when possible, associated with drainage and
placement of a nutritional jejunostomy. A conservative
approach is attractive in selected patients.
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Liver blood supply after a modified Appleby procedure in
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tomy for ductal adenocarcinoma'”. However, in certain

Abstract instances, excision of the CA together with its branches
Reported here are two cases of a modified Appleby op- allows a curative procedure to be performed and obviates
eration for borderline resectable ductal adenocarcino-  arterial reconstruction, incurting a high risk of serious

ma of the pancreatic body, in one of which a RO distal complications. In 1953, while carrying out a distal pancre-
resection was attended to by excision, not only of the atectomy along with a gastrectomy for locally advanced
celiac axis, but also of the common and left hepatic gastric carcinoma, Appleby pioneered taking advantage
arteries in the presence of arterial anatomic variation of the chance of the re-establishment of the blood sup-
Michels, type Viib. The possibility and avenues of the ply to the liver after CA and CHA resection by way of
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the constantly existent pancreaticoduodenal arcade from
the SMA basin®. In 1976, Nimura applied Appleby’s
technique to treat locally advanced pancreatic body-tail
carcinoma' and in 1991, Nagino et 4/’ and Hishinuma
et al® succeeded in preserving the stomach in the ab-
sence of its invasion from pancreatic tumor by means
of sparing the gastroduodenal and right gastroepiploic
arteries (GDA and RGEA), thereby modifying Appleby’s
operation. By the year 2003, two dozen such operative
>0 at most, but
refinements in diagnosis and surgical technique have pro-

interventions had been accomplished[

gressively promoted their growing in number™ ", The
modified Appleby procedure case reviews in the litera-
ture tend to say nothing about the pattern of the celiac-
mesenteric arterial vasculature encountered, in as much
as, when dealing with variant arteries and the classical
arterial architecture, this sort of surgery can be success-
fully performed without vascular reconstruction. We give
an account of two cases of the modified Appleby opera-
tion for pancreatic body borderline resectable cancer, in
one of which (as yet not desctibed) a RO distal resection
was accompanied by excision, not only of the CA and
the CHA, but left gastric arteries as well in the context of
aberrant arteries Michels, type VIIb.

CASE REPORT

Case 1

On the 12" October, 2011, a 64-year-old woman pre-
sented with complaints of constant severe upper ab-
dominal pain relievable with Tramadol administration
(four times daily), fatigue and a weight loss of 4 kg in
a month. According to the past history, back pain had
started 5 mo earlier and had been extending into the
lower abdomen. The patient had endured the pain for
quite a long time and it was not until October that she
sought medical attention and was examined. Computed
tomography (CT) and magnetic resonance imaging (MRI)
revealed cancer of the pancreatic body and tail with af-
fected CA branches. No evidence of dissemination was
observed. Performance status was Eastern Cooperative
Oncology Group score of 2, Karnofsky index 70%. On
admission, the patient was in a moderately grave condi-
tion due to the pain experienced and was asthenic with
skin pallor. Pulse was 72/min, regular and good volume.
Blood pressure was 110/70 mmHg. Breath sounds were
vesicular. The abdomen was soft with tenderness in the
epigastrium through the thinned anterior wall of which
a solid mass was palpable.

Instrumentally derived findings: Abdominal ultra-
sound (US) showed evidence of pancreatic body tumor
extending to the CA, CHA, splenic artery (SA), superior
mesenteric vein (SMV) and confluence of the portal vein
(PV). The GDA showed close tumor contact over 1 cm,
suspicious for ingrowth. Extrinsic compression of the
SMV, PV confluence and CHA was documented.

The CT showed that the liver structure appeared un-
changed with no focal lesions. A space occupying mass
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25 mm in diameter was visualized in the neck and body
of the pancreas. Pancreatic hypertension and atrophy
of the pancreas’ tail were noted. The duct of Wirsung
was shown to be dilated up to 7 mm in the tail portion
with a blunt cutoff (interrupted duct sign) at the level
of the body of the gland, where tiny 2-3 mm cystic enti-
ties were discernable. The SMA was apparently traveling
just along the left contour of the growth. The GDA was
found to be circumferentially encased by the tumor over
a length of 1 cm. An accessory renal artery was visible
on the right. The lymph nodes in the pancreatic head
and paraaortic regions and along the course of the SMA
measured up to 17, 10 and 7-9 mm respectively. The
conclusion was adenocarcinoma of the pancreatic neck
and body with involvement of the CA, CHA and, prob-
ably, GDA and confluence of the PV (Figure 1).

A perivaterian diverticulum, simple left kidney cysts,
a splenic cyst, lung emphysema and aortal, coronary and
iliac atherosclerosis were identified, classical celiaco-
mesenterial arterial anatomy (Michels, type 1) (Figure 2).

Esophagogastroduodenoscopy (EGDS) showed fo-
cal gastritis and Paquet’s stage 1 upper third esophageal
varices.

Endoscopic ultrasound (EUS) showed a tumor of the
pancreatic body, presumably adenocarcinoma, with neo-
plastic process spreading to the CHA, distal third of the
CA and confluence of the PV. The new growth was seen
to be intimately in contact with the left wall of the GDA
over a run of 1 cm. Regional lymph node enlargement,
most likely related to their being metastatic, was defined
(Figure 3).

Abdominal MRI showed a tumor of the neck-body
of the pancreas, atrophy of the parenchyma of the pan-
creas’ tail and pancreatic hypertension in the tail portion
of the gland. Infiltration of the retroperitoneal fat with
extension encircling the CA, SMA and PV confluence
was depicted.

Preoperative concept was of a 64-year-old female
diagnosed with a T4NxMO ductal adenocarcinoma of
the pancreatic body with invasion of the CA branches
and PV and no evidence for distant metastases. She was
deemed to have borderline resectable disease because
of suspected tumor encroachment on the GDA. Distal
pancreatectomy with resection of the CA and PV was
planned. The final extent of the procedure was intended
to be decided after intraoperative exploration.

The operation was carried out on the 5" Decembet,
2012. At surgery, no distant metastases were found. A
whitish solid tumor taking up the whole of the pancre-
atic body and growing into the CA trifurcation and CHA
with adherence to the left 180° of the uninvolved GDA
was discovered. On duplex ultrasound with a clamp
across the CHA there was a sufficient arterial blood flow
in the liver and the hepatic arterial pulsation was present
as before. The lesion was judged resectable. A corpo-
caudal pancreatectomy with resection of the CA and its
branches was completed (Figure 4). At that, the RGEA
was not sacrificed, which provided the gastric blood sup-
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Figure 1 Preoperative computed tomography. Arterial phase. A: Axial image. The common hepatic (CHA) and splenic (SA) arteries present circumferential adja-
cency to pancreatic body ductal adenocarcinoma. The gastroduodenal artery (GDA) appears to be completely encircled by tumor; B: Frontal view. Computed tomog-
raphy (CT) evidences circumferential infiltration of GDA; C: The celiac artery (CA) along with CHA springing from it, are completely circumscribed by tumor (arrow); D.
All three CA branches (dashed arrow) show circumferential tumor contact. The superior mesenteric artery is unaffected (arrow).

Figure 2 Three-dimensional computed tomography-angiography before
surgery. Classical arterial architecture (Michels, type I'). Tumor-induced
common hepatic (CHA) stenosis is noted. Anatomical variation of type I is
observed: CHA trifurcation in the absence of proper hepatic artery. RHA: Right
hepatic artery; LHA: Left hepatic artery; GDA: Gastroduodenal artery; LGA: Left
gastric artery; SMA: Superior mesenteric artery; SA: Splenic artery; aLHA: Ac-
cessory left hepatic artery.

ply, with the stomach and liver’s color remaining unal-
tered throughout the operative time period.

Post surgery, the patient developed a retroperitoneal
pancreatic fluid collection in the projection of the cut
edge of the gland with an amylase of 60 000 (pancreatic
fistula Class B), which was drained on postoperative day
5. Nine days after the surgery, EGDS recognized areas
of gastric mucosa ischemia of mixed (portal and arterial)
genesis, ischemic gastropathy. Recurrent hydrothorax was
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Figure 3 Endoscopic ultrasound. Tumor (T) abutment to gastroduodenal
artery (AGD and arrow) without its encasement. HAC: Common hepatic, HAP:
Proper hepatic artery.

repeatedly addressed with pleural tapping (G3, Dindo-
Clavien). After management with antibiotics, antisecre-
tory and anti-ulcer therapy and treatment for diabetes
mellitus, the patient’s condition stabilized, body tempera-
ture returned to normal and complete pain abolition was
achieved. The glycemic profile was stable with a blood
sugar level of 7-9 mmol/L under insulin therapy and the
patient was discharged to receive adjuvant gemcitabine
chemotherapy.

Microscopic examination and pathological diagnosis
showed a moderately-differentiated pancreatic body-tail
adenocarcinoma (pT3N1b, G2) with CA branches and
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Figure 4 Photograph. View of operating field after distal pancreatectomy
with excision of celiac artery (CA) and its branches. Liver and stomach are fed
with blood from the superior mesenteric artery (SMA) via pancreaticoduodenal
arcade (PDA) and, thereafter, through the gastroduodenal artery (GDA). Full-
blown right gastro-epiploic artery is found. Superior mesenteric vein (SMV)
was resected at the site of confluence with splenic vein. LAV: Left adrenal vein;
MCA: Medial colic; RHA: Right hepatic; LHA: Left hepatic arteries; LRV: Left
renal vein; LGEA: Left gastro-epiploic artery.

PV involvement. The patient had a R1 distal resection
owing to the vascular specimen margin from the sites
contacting with the SMV and GDA (Figure 5). The 6
month follow-up CT yielded no evidence for disease re-
currence and CT angiography displayed an ample blood
flow in the liver and stomach (Figure 6).

Case 2

In May, 2010, a 65-year-old woman consulted a doctor
about pain in her right upper abdominal quadrant. On
examination, a diagnosis of chronic pancreatitis was
made and she was given conservative therapy which was
of no benefit. In November 2010, abdominal CT invited
by the pain worsening was undertaken and revealed a
mass in the pancreatic body.

She entered the Moscow Herzen Institute of Oncol-
ogy. CT detected an up to 5.6 cm pancreatic body tumor
spreading to the CA branches and superior mesenteric
arteries. On fine-needle aspiration biopsy, a well-differ-
entiated adenocarcinoma was identified. The neoplasm
was considered not to be amenable to resection. 8 cours-
es of a palliative combination chemotherapeutic regimen
consisting of 200 mg of eloxatin + 3600 mg of gemzar
were instituted.

In July, 2011, the follow-up CT showed no drastic
evolution in the disease course with persistent infiltration
of the CA, its branches, superior mesenteric and splenic
veins and no distant metastases (Figure 7). On CT angiog-
raphy, variant arterial architecture Michels, type Vb, with
a replaced right hepatic artery (tRHA) coming from the
SMA and an accessory left hepatic artery (LHA) given off
by the left gastric artery (LGA) was determined (Figure 8).

Reasoning from the absence of interval neoplastic
progression, we opted for an attempt at a radical pro-
cedure. Preoperative diagnosis was a ductal pancreatic
body adenocarcinoma, cT4NxMO. Upon abdominal
inspection, a pancreatic body solid whitish knobby tu-
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moft, up to 3-4 cm in diameter, involving the splenic
and CHAs, proximal segment of the CA and LHA with
peritumoral fibrosis and contraction in the center was
disclosed. On table US demonstrated the blood flow in
the left hepatic lobe to be sustained subsequent to briefly
clamping the LHA, which encouraged us to undertake a
subtotal pancreatectomy with CA excision and resection
of the common and left hepatic arteries. As we did so,
the GDA was also resected and ligated, that is to say, the
pancreaticoduodenal arcade was unlocked (Figure 9). She
was discharged on postoperative day 12 after uneventful
postoperative recovery to be continued on neoadjuvant
gemcitabine chemotherapy.

Conclusion on histological examination was a well-
differentiated adenocarcinoma of the pancreatic body,
pT2NOMO, G1. Tumor structures, measuring up to 1.2
cm in their greatest dimension, were found throughout
an immense fibrotic bulk harboring remnants of pan-
creatic tissue composed of ductules and atrophic islets
(Figure 10). The shortest margin-to-margin distance
between the tumor and the specimen was 3 mm and a
RO resection was achieved. No features of post chemo-
therapeutic changes were identified.

The 12-mo follow-up CT evidenced no disease re-
currence, the patient feels well and goes on working as a
doctor. There is an adequate arterial blood supply to the
liver and stomach on CT angiography. Sufficient arterial
nutrition of the left hepatic lobe is afforded by the en-
gagement of the interlobar artery having an extraparen-
chymal hilar course (Figures 11 and 12).

DISCUSSION

The observations under review might be dually instruc-
tive. In the first place, they illustrate the feasibility of
the maintenance of the blood flow in the left hepatic
lobe after the modified Appleby operation with CHA
and LHA resection in the presence of the RHA depart-
ing from the SMA. Secondly, both cases pinpoint key
bothersome aspects of preoperative determination of
pancreatic cancer resectability.

The modified Appleby technique has rightly gained
acceptance as an effective approach to the manage-
ment of pancreatic body cancer in cases of CHA in-
volvement by tumor. We have performed 11 modified
Appleby procedures, at 10 of which the classical arterial
anatomy, identical to that encountered in Case 1, was
found. An aberrant arterial pattern was present only in
Case 2. Theoretically, when dealing with most variants
in the celiac-mesenteric arterial architecture, this opera-
tion is quite safe with regard to the re-establishment of
the arterial blood supply to the liver and stomach. Yet,
cases with the replaced LHA (Michels, types IV and Vla)
or the CHA (Michels, type X) arising from the LGA®”,
as well as the described above situation, when the tumor
involvement requires resection of either of the hepatic
arteries (more often the LHA), present a real challenge
secondary to CA excision. With all the patterns men-

March 27,2013 | Volume 5 | Issue 3 |



Egorov VI et a/. Modified Appleby procedure with aberrant arterial anatomy

Figure 5 On microscopic examination. A: Perivascular tumor growth (complexes of malignant cells in adventitia of small artery of peripancreatic fat (arrow), HE, x
200; B: Tumor incursion into vein wall (arrow), HE, x 200; C. invasion of the nerve by the tumor (arrow), HE, x 50; D: Vein wall involvement (complexes of malignant
cells in media of 2-mm diameter vein (arrows), HE, x 50; E: Tumor complexes in the common hepatic artery adventitia (arrow), HE, x 50.

interventional radiology for hepatopancreatobiliary dis-
eases. The development of collateral blood flow with
one of the hepatic arteries being occluded was shown
to be a possibility and to depend heavily on the site of
vascular obstruction”?, Hepatic interlobar arterial col-
laterals were exhaustively analyzed in autopsied speci-
mens and corrosion casts”™", as well as with radiological
studies”™ " called into being by the evolution of hepatic
surgery, transplantation, interventional radiology, endo-
vascular chemotherapy and embolization. Angiography
demonstrated the interlobar branch-relayed collateral
blood flow between the hepatic arteries”™ " to be readily
noted at the occlusion of ecither of the hepatic arter-

Figure 6 Three-dimensional computed tomography-angiography follow- es? which was demonstrated by computerized
ing distal pancreatectomy with excision of celiac artery and its branches. tomographic angiography in our Case 2 (Figure 11). The
Blood supply to liver and stomach is delivered from superior mesenteric artery interlobar arterial collaterals may be responsible for the

(SMA) via pancreaticoduodenal arcade (PDA) and then through gastroduodenal
artery (GDA). There is robust right gastro-epiploic artery (RGEA) appearing in
its entirety. RHA: Right hepatic artery; LHA: Left hepatic artery; CA: Celiac axis;
GDA: Gastroduodenal artery.

poor distribution of a chemotherapeutic agent at its se-
lective intraarterial infusion™. Injuries to these collateral
pathways, participating in the blood supply of the hilar
bile ducts, may induce ischemia of the biliaty tract after
liver resections and biliary surgerym’zﬂ. The majority of
investigators are in agreement that the interlobar collat-
eral is extraparenchymal, passes cranial to the bifurcation

tioned above, except variation Michels, type X, in the
instance of which Appleby’s operation is not feasible

without recourse to vascular repair, it is vital to know of the PVs in the hepatic hilum in close proximity to the
the sources of the collateral blood supply to the liver to bile ducts®>**™ " 2nd makes the crucial contribution of
avoid unnecessary arterioplasty. the blood supply to the biliary tract, as well as one of the

Investigations of collateral circulation during tem- hepatic lobes in the event of liver major route interrup-
porary balloon occlusion of either of the hepatic artet- tion™?*"*!So far it has not been clear whether there
ies have first of all been spurred by both the needs of are transparenchymal branches to connect the hepatic
hepatopancreatobiliary surgery and advancements in lobes™?**,
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Pancer head

Figure 7 Computed tomography prior to operation. A: Axial view. Venous phase. Hypovascular tumor of pancreatic neck (T) is shown to abut portal vein (PV)
trunk. Pancreatic head is demonstrated to be intact; B: Sagittal view. Arterial phase. Circumferential encasement of celiac artery (CA) by hypovascular tumor of pan-
creatic body and the latter’s adherence to anterior aspect of superior mesenteric artery (SMA); C, D: Axial image. Arterial phase. Circumferential contiguity of tumor to
CA along with common hepatic (CHA) and splenic (SA), both arising from the former, is visualized. CT: Celiac trunk.

GDA ¢
(ligated)

Figure 8 Three-dimensional computed tomography angiography before
surgery. Variant arterial anatomy: replaced right hepatic artery (rRHA) originat-
ing from superior mesenteric artery (SMA), accessory left hepatic (aLHA) - from
left gastric (LGA) (Michels, type ViIb). CA: Celiac artery; LHA: Left hepatic ar-
tery; SA: Splenic artery; GDA: Gastroduodenal artery; CHA: Common hepatic.

Case 2 demonstrates that LHA excision at a distal
pancreatectomy with resection of CA and its branches
is permissible by virtue of the fact that an arterial blood
supply keeps coming to the left hepatic lobe thanks to
the availability of the interlobar collateral. In this case,
the arterial blood supply to the left hepatic lobe and
segment 1 kept being furnished through the interlobar
collateral, originating from the rRHA and running in the
liver hilum (Figure 12). The evidence for the functioning
of the interlobar collateral emerges quite frequently on

(4 9

TR
JBaishideng®

WIJGS | www.wjgnet.com

56

Figure 9 Photograph. View of operating field after distal pancreatectomy with
excision of celiac artery (CA), left gastric, common hepatic and left hepatic ar-
teries. Superior mesenteric artery (SMA)-derived blood feeding of right hepatic
lobe carried via the replaced right hepatic artery (rRHA). Blood supply to stom-
ach is routed from SMA via pancreaticoduodenal arcades and then through
gastroduodenal artery (GDA) with the latter’s proximal segment being resected
and ligated. CA: Celiac artery; LAV: Left adrenal vein; LRV: Left renal vein;
SMV: Superior mesenteric vein.

angiography at chemoembolization of the hepatic arter-
ies or for control of external hemorrhage and/or hemo-
bilia (Figures 13 and 14).

Pancreatic cancer remains one of the most aggres-
sive neoplastic processes and the ways of its manage-
ment are in the development stage™*. Despite impres-
sive progress attained in the diagnosis and treatment of
otherwise sited malignances, the resectability and 5 year
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Figure 10 Under microscope. A: Common hepatic (CHA) section obtained from close to the point of its transection (white arrow) amid fibrotic zone (black arrow)
along pancreas margin. No evidence of tumor growth (x 5); B: Celiac plexus and trunk area of diffuse fibrosis (F) (x 5); C: Pancreatic tissue with apparent diffuse
fibrosis (F), groups of islets left (1) and that of glandular formations of ductal adenocarcinoma of pancreas (DA) (x 50); D: Structures of DA throughout fibrotic tissue (F)
containing remnants of pancreatic tissue (atrophic islets and ductules) (HE, x 5). A: Artery; N: Nerve plexus with large ganglion (G).

‘ DA _-
(ligated) £

PDA
{ |

Figure 11 Three-dimensional computed tomography angiography subse-
quent to distal pancreatectomy with excision of celiac artery, left gastric,
common hepatic and left hepatic arteries. Blood supply to right hepatic lobe
is provided by superior mesenteric artery (SMA) through the replaced right he-
patic artery (rRHA) and that to left hepatic lobe - via interlobar collateral anas-
tomosing with rRHA. Stomach is supplied from SMA via pancreaticoduodenal
artery (PDA) and, thereafter, through gastroduodenal artery (GDA) and right
gastro-epiploic artery (RGEA).

survival rates for pancreatic cancer are still very poor
with those for pancreatic body and tail of 10% and
10%™*" in North America and the Western Europe and
of 34% and 18% in Japan respectively™. Compared to
pancreatic head cancer, typically manifesting itself in
jaundice, and for lack of specific symptoms, carcinoma
of the pancreatic body is generally recognized at more
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advanced stages, presenting with rather a sizable tumor,
distant metastases and back pain.

The pancreatic body is a fairly modest size across
and tumor advancement to the retroperitoneal organs,
nerve plexuses, SA, CHA and CA does not take long,
which potentially causes the neoplasm to be interpreted
as unresectable in compliance with the adopted Jakarta
International Community Center classification”. Just the
same, not only does radical removal of pancreatic body
carcinoma with the use of Appleby’s technique improve
patient life quality, it also significantly prolongs survival,
which was attested to, not only in cases of arterial resec-
tion necessitating no reconstruction™ " but in those
resorting to repair as well' %,

Completeness (radicality) of resection is one of the
dominant independent prognostic factors for pancreatic
cancer™™. A curative resection of tumor is the only
means of treatment that will hold out a hope of long-
term survival for pancreatic cancer patients, although
only 10%-15% of them would be eligible for a radical
procedurem]. Preoperative resectability estimation is an
outstanding problem of great concern resulting primar-
ily from the intricacies of the involvement evaluation of
the major peripancreatic arteries in so far as their actual
invasion is regarded as a contraindication to a curative
procedure™”". Since CT is invariably rated the gold
standard for the diagnosis of pancreatic cancer, it is of
critical importance that patients with a resectable tumor
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Figure 12 Coronal image. Arterial phase. A: Previous to surgery. Aberrant arterial vasculature (Michels, type VIIb): replaced right hepatic artery (rRHA) stemming
from superior mesenteric artery (SMA), the left gastric artery (LGA) giving rise to accessorial left hepatic artery (aLHA). No interlobar collateral is detectable; B: Distal
pancreatectomy with excision of celiac artery (CA), LGA, common hepatic (CHA) and left hepatic (LHA) arteries. Increased blood flow via rRHA is displayed and extra-
parenchymal hilar interlobar collateral transmitting blood supply to left hepatic lobe became visible.

Figure 13 Selective celiacography in a 37-year-old man with firearm (machine gun shots) liver wounds, false aneurysms of left hepatic lobe and hemobilia.
A: Classical arterial architecture (Michels, type 1). There is communicating interlobar artery (CA) connecting right and left hepatic arteries (RHA and LHA). Turbulent
blood flow is seen in areas of pulsative hematomas (H); B: Control of hemorrhage was achieved with RHA occlusion but arterial branches of right hepatic lobe keep
being filled owing to CA-conveyed blood transit from the left hepatic artery (LHA). GDA: Gastroduodenal artery; PHA: Proper hepatic artery; CHA: Common hepatic
artery; RGEA: Right gastroepiploic artery; T: Tumor.

Figure 14 Selective celiacography in a 64-year-old man with hepatocellular cancer. A: Before and after chemoembolization through the right hepatic artery; B:
Arterial branches of right hepatic lobe keep being filled owing to communicating interlobar artery (CA)-conveyed blood transit from the left hepatic artery (LHA). GDA:
Gastroduodenal artery; CHA: Common hepatic artery; RHA: Right hepatic artery; H: Hematoma.

should not be denied surgery on account of a false-pos- an unresectable lesion, keeping in mind that a R2 resec-
itive CT finding (i.e., when a neoplasm is misinterpreted tion is associated with poor survival.

as nonresectable at CT). On the other hand, what counts In the historical series of studies conducted by dif-
for no less is the prevention of an unneeded cumber- ferent authors prior to 2000, from 15% to 70% pancre-
some procedure, fraught with devastating morbidity, for atic cancer cases thought of as resectable from CT data
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turned out to be nonresectable at operationwg’m]. As of
now, the sensitivity and specificity of the assessment of
vascular involvement, even with a > 90° circular con-
tact and marked vascular deformity (D or E according
to Phoa), are reported at 60% and 90% correspond-
ingly[()z’“], which indicates that the accuracy of pancreatic
cancer resectability appraisal is an elusive troublesome
question. Based on the findings reported by various
researchers, Li ¢ /Y defined the following CT criteria
for major vascular invasion with an exhibited sensitiv-
ity of the method of 79% and a specificity of 99%:
embedment of the arterial trunk in tumor, encasement
by tumor > 180° or > 50% of the vessel circumference
coupled with ecither irregularity of the wall contour or
arterial narrowing. Loyer e7 al® established that with
type A (a fat plane between tumor and vessel) or type B
(a normal pancreatic parenchyma separating the tumor
from the vessel), the accuracy of the resectability predic-
tion was 95% and Phoa ¢ a/*” showed type D (a vascular
wall concavity against the tumor to be consistent with a
88% risk for invasion and a 7% predicted resectability)
and type E (complete vascular encirclement by tumor)
to correlate with a 0% resectability, depending on tumor
surface irregularity and vascular deformity. Nevertheless,
there is presently no consensus of opinion as to the mo-
dality of choice for the assessment of pancreatic cancer
extension previous to surgery, since studies that would
offer sufficient accuracy are lacking[“’m.

Both our cases demonstrate the unresolved prob-
lem of pancreatic cancer resectability determination to
be currently pressing, among other reasons, as a con-
sequence of CT being employed for this purpose in
the majority of clinics (and quite routinely as a single
option). The basic guide to the accuracy of resectabil-
ity estimation is the ability of a diagnostic technique
to identify the presence or absence of invasion of the
major peripancreatic arteries. In Case 1, circumferential
encasement of the GDA was found on CT and in Case 2,
CHA, LHA and CA bifurcation was recognized. At sur-
gery and subsequently under the microscope, the finding
in Case 1 proved to be a mere close tumor-artery contact
free of ingrowth (which ensured a R1-resection level). In
observation 2, the bulk of the tissue misdiagnosed as tu-
mor at CT turned out to be fibrosis with no features of
post-therapeutic changes, which in great part enabled a
RO resection level. From strict considerations relying on
the belief that the larger is the tumor-vessel contact area,
the higher is the likelihood of vascular invasion™ both
cases might have been judged unresectable, as concluded
from the CT interpretation[m]. Nonetheless, in both cas-
es, the tumor was found to be resectable, which suggests
that it is desirable that CT evidence-based conclusion in
favor of unresectability should be confirmed with fut-
ther clarifying adjunct modalities, such as EUS.

We feel that the salient features of the reported cases
might be of equal interest to hepatopancreatobiliary sur-
geons as well as diagnostic radiologists engaged in this
challenging line.
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Abstract

We report a rare case of paraganglioma that devel-
oped in the mesentery of terminal ileum. A 78-year- INTRODUCTION
old woman complained of right-sided abdominal pain.
Abdominal computed tomography revealed a solid
heterogeneously enhanced mass in the right lower ab-
domen. The tumor was laparoscopically excised. The ) )
mesenteric tumor was well circumscribed, ovoid, and ~ 20d aortic bodies, organs of Zuckerkandl, and other

Paraganglia are groups of morphologically and cyto-
chemically similar cells derived from the neural crest.
They include such tissues as the adrenal medulla, carotid

encapsulated and measured 3 cm x 1.5 cm x 1.5 cm. unnamed paraganglia in the distribution of sympathetic
Histological examination showed a cellular neoplasm ~ and parasympathetic nerves. o

comprised of nests and groups of tumor cells separat- Paragangliomas are uncommon tumors atising from
ed by fibrovascular connective tissue, giving a charac-  the neuroendocrine elements (chief cells) of the para-
teristic nested Zellballen pattern. Immunohistochemi-  ganglia. However, they have been described in virtually

cally, the tumor cells were positive for chromogranin, ~ every site in which normal paraganglia are known to
synaptophysin, CD56, and vimentin and negative for ~ occur; only 5%-10% of sporadic paragangliomas are
cytokeratins, SMA, CD34, CD117/c-kit and S100. On extra-adrenal . Paraganglioma as a mesenteric mass is
the basis of histologic and immunohistochemical fea- extremely rare, and only occasional reports have been
tures, a diagnosis of mesenteric paraganglioma was published. The present case report describes a quite rare
made. The operative and postoperative courses were mesenteric paraganglioma, including its imaging features
unremarkable, and the patient was discharged on and histopathological characteristics. In addition, a re-
postoperative day 7. She was doing well 1 year after view of the current literature summarizes the clinical
the surgery with no signs of recurrence. Extra-adrenal findings associated with mesenteric paragangliomas.
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A 78-year-old woman, who underwent distal gastrectomy
for early gastric cancer in 1994 and total thyroidectomy
for papillary thyroid carcinoma in 2000 was followed
up at our hospital. In June 2010, she complained of
right-sided abdominal pain. Abdominal computed to-
mography (CT) revealed a solid mass, 16 mm X 22 mm
X 25 mm in size, in the right lower abdomen. Contrast-
enhanced CT showed a smoothly marginated, heteroge-
neously enhanced hypervascular tumor adjacent to the
right major psoas muscle (Figure 1A and B). Magnetic
resonance imaging (MRI) showed that the lesion was hy-
pointense on T1-weighted images and hyperintense on
T2-weighted images. After the bolus infusion of gado-
linium chelate, the lesion had marked contrast enhance-
ment on T1-weighted images (Figure 1C-E). Whole-
body "“F-fluorodeoxyglucose (FDG)-positron emission
tomography (PET) was negative (Figure 1F), and subse-
quent upper gastrointestinal endoscopy and colonoscopy
were not remarkable. Laboratory studies yielded normal
blood chemistry and hematology results. The carcino-
embryonic antigen and carbohydrate antigen 19-9 levels
were both within normal limits. In retrospect, follow-up
CT after gastrectomy in 2002 already showed the tumor,
which was 16 mm X 13 mm X 15 mm in size and was
not pointed out at that time. For 8 years, the tumor had
been slowly but definitely growing.

For a definitive diagnosis, surgical resection was rec-
ommended to the patient, and she was admitted to our
hospital. Physical examination showed a blood pressure
of 118/80 mmHg and a regular pulse of 68 bpm. On
angiography, the tumor appeared as a hypervascular le-
sion fed by the superior mesenteric artery (Figure 1G
and H). Before surgery, although the differential diagno-
sis included gastrointestinal stromal tumors, lelomyoma
and Castleman’s disease, we could not definitively diag-
nose this tumor.

In March 2011, exploratory laparoscopy confirmed a
solid, brownish-red mass in the mesentery of the termi-
nal leum. There was no lymph node swelling or ascites.
Throughout the exploration, there was no remarkable fall
or rise in blood pressure. The mass was excised under
laparoscopy without ileum resection. Grossly, the mesen-
teric mass was well circumscribed, ovoid, and encapsu-
lated and measured 3 cm X 1.5 cm X 1.5 em (Figure 2A).
Histological examination showed a cellular neoplasm
comprised of nests and groups of tumor cells separated
by fibrovascular connective tissue, giving a characteristic
nested Zellballen pattern (Figure 2B). Immunohisto-
chemically, the tumor cells were positive for chromo-
granin, synaptophysin, CD56, and vimentin and negative
for cytokeratins, SMA, CD34, CD117/c-kit, and S100.
The proportion of Ki-67-positive cells was low (Figure
2C-E).

On the basis of histologic and immunohistochemical
features, a diagnosis of mesenteric paraganglioma was
made. The operative and postoperative courses were un-
remarkable, and the patient was discharged on postop-
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erative day 7. She was doing well 1year after the surgery
with no signs of recurrence.

DISCUSSION

Paraganglioma is a rare tumor of neural crest cell origin
that arises from sympathetic or parasympathetic neu-
ral paraganglia. While the most common location of
paragangliomas is the adrenal medulla, where they give

rise to pheochromocytomas, approximately 5%-10% of
[1-4]

sporadic paragangliomas occur in extra-adrenal sites
Although extra-adrenal paragangliomas may develop in
every site in which normal paraganglia exist, 70%-85%
of cases actually occur intra-abdominally, most com-
monly adjacent to the aorta and particularly the area
corresponding to the organ of Zuckerkandl™, Paragan-
gliomas that develop in the mesentery, as in our case,
are extremely rare, with only 11 cases in the literature™
(Table 1).

As shown in Table 1, there appears to be a marked
predilection for females (9:3), which contrasts with the
slight male predominance (1.3:1) reported for retroperi-
toneal paraganglioma[s'ﬂ. At the time of diagnosis, most
patients are older (median, 57.5 years of age) than those
with retroperitoneal paraganglioma (median, 39-43 years
of age™™). No significant difference was noted in the
size of mesenteric (average, 9.3 cm) and retroperitoneal
tumors (average, 7.4-10.5 cm'™™).

The pathogenesis of paragangliomas is not fully
understood. They may be either sporadic or hereditary.
Opverall, as many as 10%-50% of paragangliomas are
considered to be hereditarym. Hereditary paragangliomas
are multicentric in 20%-50% of cases"™”, whereas spo-
radic paragangliomas are multicentric in 10% of cases.
In hereditary cases, they may be associated with multiple
endocrine neoplasia type 2, von Hippel-Lindau disease,
familial paraganglioma, Carney triad and neurofibroma-
tosis type 1", For this reason, especially in patients diag-
nosed before 50 years of age and in those who present
with bilateral, multifocal, and malignant paragangliomas,
genetic testing may be beneficial". In the present case,
the tumor was solitary and the patient was a 78-year-old
woman with no history of genetic disorders; thus, genetic
screening was not performed.

From a diagnostic viewpoint, functional tumors are
easier to diagnose. Most patients undergo paroxysmal
episodic hypertension and the typical triad of symptoms
associated with pheochromocytoma: palpitations, head-
ache, and profuse sweating. When functional paragangli-
oma is suspected, biochemical analysis of catecholamine
hypersecretion should precede any form of imaging,

However, a majority of extra-adrenal paraganglioma
is nonfunctional"] as in our case. A large proportion of
these tumors are incidentally discovered in normotensive
patients during imaging evaluation for other reasons.
In addition, the CT features of extra-adrenal paragan-
glioma include a nonspecific soft tissue density and
overlap those of other neoplasms. Specifically, tumors
of neural or mesodermal origin and those of metastatic
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Figure 1 Imaging features of tumor (white arrows) before treatment. A: Axial plain; B: contrast-enhanced computed tomography (CT), CT shows a smoothly
marginated, heterogeneously enhanced tumor adjacent to the right major psoas muscle, 16 mm x 22 mm x 25 mm in size; C: T1-weighted magnetic resonance image
shows a well defined, isointense mass; D: On T2-weighted images, the mass shows heterogeneous high intensity; E: On T1-weighted images after a bolus infusion
of gadolinium chelate, the mass had marked contrast enhancement; F: Positron emission tomography-CT scan was negative; G: Superior mesenteric arteriography
displays a markedly hypervascular mass (black arrow heads) adjacent to the terminal ileum; H: Volume rendering image acquired from angio-CT (white arrow heads).

disease must be considered". Thus, because of their cult. Especially when extra-adrenal paragangliomas atise
clinical manifestation and the overlap with other tumors from unusual sites, as in the present case, accurate diag-
in terms of medical imaging findings, the preoperative nosis is seldom made preoperatively (Table 1).

diagnosis of extra-adrenal paraganglioma is usually diffi- The MRI characteristics of our case are quite typi-
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Figure 2 Macroscopic findings and pathological features of the resected tumor. A: Gross findings of the resected specimen. The tumor was encapsulated and
measured 3 cm x 1.5 cm x 1.5 cm; B: The paraganglioma comprised a dual cell population arranged in a characteristic nested Zellballen pattern (HE stain, x 400); C:
Immunohistochemistory of Chromogranin A, x 400; D: Synaptophysin were strongly positive and confirmed a neuroendocrine origin, supporting the diagnosis of para-

ganglioma, x 400; E: The MIB-1 labeling index, x 400.

cal for paraganglioma. Paragangliomas have low signal
intensity on T1-weighted images and enhance strongly
after administration of contrast material. On T2-weight-
ed images, they appear hyper intense. In addition, a
speckled appearance with rnultiple flow voids is typical
in tumors > 2 cm in diameter'”. Angiography was thus
useful to outline the location and vascular supply of the
tumor in our case; theoretically, however, clinically silent
functional tumors should be ruled out by urine analysis
before manipulation.

In functional paraganglioma, "*'I-metaiodobenzyl-
guanidine (MIBG) scintigraphy is the best imaging study
for a preoperative diagnosis. MIBG scintigraphy may
also be helpful to rule out clinically silent cases, but the
specificity for diagnosis of nonfunctional paraganglioma
is unclear. In certain cases, FDG-PET may be indi-
cated to investigate metastatic disease”. It was recently
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reported that the newest technique using fluorine-18-
dihydroxyphenylalanine-PET imaging offers even higher
accuracy than MIBG scintigraphy in the localization of
paragangliomas' .

In the case described here, diagnostic imaging played
a very important role preoperatively to determine tumor
localization, vascularity, and extent of disease. Differen-
tial diagnosis including gastrointestinal stromal tumors,
leiomyoma, malignant lymphoma, Castleman’s disease
and other metastatic tumor could be made preoperative-
ly. However, pitfall for misdiagnosis in our case was tu-
mor location. Because of the tumor location away from
the para-aortic area, a preoperative diagnosis of paragan-
glioma could not be made. Although rare, paraganglioma
should be included in the preoperative differential diag-
nosis of solid hypervascular mesenteric tumors.

The treatment of choice for paraganglioma is surgi-
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Table 1 Clinical characteristics of the 12 reported cases of mesenteric paraganglioma

No. of Ref. Age Sex Location Symptoms Size (cm) Hyperten- Preoperative  Surgical procedures Prognosis
cases (yr) sion diagnosis
1 Arean 32 M Mesentery of the Nausea, 10x7 %6 - Abdominal Resection of the intestine 8 mo: Alive
et al™ small intestine vomiting, mass and its mesentery along  without
diarrhea with mass recurrence
2 Carmichael 62 F Mesentery of the Nausea, 3.2 + Abdominal Resection of the intestine Not
et al® small intestine vomiting, mass and its mesentery along documented
back pain with mass
3 Tanaka 29 F Descending colon Nausea, 10x9x7 - Retroperitoneal Resection of themass 32 mo: Alive
et al™ vomiting mass without
recurrence
4 Ishikura 33 F Sigmoid colon Lower 15 x 15 x 15 - Ovarian tumor Resection of the sigmoid Not
et al™ abdominal colon and its mesentery ~documented
pain, dysuria along with mass
5 Onoue 38 F Mesentery of the None 45x%x32 - Mesenteric Resection of the intestine 24 mo: Alive
et al™ small intestine tumor and its mesentery along  without
with mass recurrence
6 Jaffer 76 M Mesentery of the Abdominal 85x8 + Abdominal Resection of the intestine Not
et al” small intestine mass, mass and its mesentery along documented
vomiting, with mass
diarrhea
7 Muzaffar 76  F Mesentery of the Abdominal 20 x15 - Abdominal Not documented 15 mo: Alive
et al™ small intestine mass mass without
recurrence
8 Ponsky 35 F Mesentery of the Abdominal 5.5 + Abdominal Resection of the intestine 24 mo: Alive
et al® small intestine mass, mass and its mesentery along without
headache with mass recurrence
9 Kudoh 72 F Mesentery of the Abdominal 10x9 %9 - Mesenteric Resection of segment 12 mo: Alive
et al®™ small intestine (ileum) pain and mass tumor of ileum and mesentery ~ without
containing mass recurrence
10 Nobeyama 53 M Mesentery of the Abdominal 15x10x7 - Abdominal Resection of segment Not
et al® small intestine (ileum) mass mass of ileum and mesentery documented
containing mass
11 Matsumoto 77 F Mesentery of the Abdominal 7x55 - Mesenteric Resection of segment 9 mo: Alive
et al”” small intestine mass tumor of ileum and mesentery ~ without
(near Bauhin's valve) containing mass recurrence
12 Present 78 F Mesentery of the None 3x15x15 - Mesenteric Resection of themass 8 mo: Alive
case small intestine tumor without

(near Bauhin's valve)

recurrence

M: Male; F: Female.

cal resection. As shown in Table 1, most tumors were
excised along with a segment of small bowel, probably
because of the large tumor size and intestinal vascularity.
From the viewpoint of lymph node dissection, however,
recurrence in cervical lymph node was reported for ret-
roperitoneal paraganglioma[sl, neither local nor distant
lymph node metastasis was reported for mesenteric para-
gangliomas.

With regard to malignant potential, the incidence of
malignant change reportedly ranges from 14% to 50%">'".
In these reports, the clinical and histological distinction
between benign and malignant tumors was unclear, and
the definitive diagnosis of malignancy was based solely
on the presence of metastases. The distinction of endo-
crine tumors was recently well defined according to the
World Health Organization classification”. In particular,
mitotic counts and the Ki-67 labeling index are of con-
siderable significance in grading its malignant potential.

In the present case, the Ki-67 labeling index was low
and mitoses were rare. The tumor presented as a well
citcumscribed mass with no metastases. The patient was
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considered to be at low risk of malignancy. However, in
retroperitoneal paraganglioma, the 5- and 10-year disease-
free survival rates were 75% and 45% even after suc-
cessful resection, indicating that more than half of these
patients will experience a relapse if followed long enough
after resection”. Although recurrence of mesenteric
paraganglioma has not been reported, long-term follow-
up after surgical excision is likely to be necessary.

In conclusion, mesenteric paraganglioma is a very
rare entity with a limited number of cases reported. Pre-
operative diagnosis of extra-adrenal paraganglioma in
asymptomatic patients is usually difficult. Although rare,
paraganglioma should be included in the preoperative
differential diagnosis of solid mesenteric tumors. Even
after complete resection, patients should continue to be
followed up carefully.
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INTRODUCTION

Abstract Gastrointestinal fmd pancreatic neuroendoctrine tumors
(PNETS) comprise a group of rare neoplasms arising
We present a 70-year-old man who was referred for from the neuroendoctine system of the gut. The annual

surgery with uncontrollable hypoglycemia. Ultrasonog- incidence is estimated at 1-4 in 100 000, showing a trend
raphy and abdominal contrast computed tomography

revealed a hypervascular tumor of 1 cm in diameter in
the pancreatic tail. With a diagnosis of insulinoma, we
performed a distal pancreatectomy. The patient showed
a good postoperative course without any complica-
tions. The patient’s early morning fasting hypoglycemia
disappeared. The respective levels of C-peptide and ; X :
insulin dropped from 14.9 ng/mL and 4860 wIU/mL cases of high-grade malignancy, those accompanied by
preoperatively to 5.3 ng/mL and 553 pIU/mL after sur- independent tumor(s) that secrete other hormone(s) and
gery. A histopathological examination demonstrated  those with multiple tumors require careful attention.

that the tumor was a pancreatic neuroendocrine tumor,

grade 1. Immunostaining was negative for insulin and

positive for CD56, chromogranin A, synaptophysin and CASE REPORT
glucagon. These findings suggested that the tumor was The case was a 70-year-old man diagnosed with diabetes
clinically an insulinoma but histopathologically a gluca- mellitus 15 years prior to the current presentation who

toward a higher incidence over recent decades' . Ad-
vancing diagnostic techniques have enabled the early de-
tection of both functional and nonfunctional PNETSs in
recent years and, as a result, these tumors are more likely
to be cured by radical operation. Most of these tumors
are sporadic and completely cured by enucleation, but
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Figure 1 Removal of tumor. A: Enhanced abdominal computed tomography
showed a tumor of 1 centimeter in diameter in the tail of the pancreas which
was highly contrasted in the arterial phase (arrow); B: Endoscopic ultrasonog-
raphy identified a uniformly hypoechoic tumor which measured 11 mm x 6 mm
with a smooth surface in the tail of the pancreas; C: The resected specimen
obtained from distal pancreatectomy and splenectomy included a solid whitish
nodule (arrow).

was started on insulin self-injections in 2011. In 2012
he was placed under observation by the hospital due to
worsening nephropathy. Two months ago, he presented
with overhydration and started dialysis; he developed fast-
ing hypoglycemia that did not improve after discontinu-
ing the insulin injections. Careful examinations suggested
that he had an insulinoma in the tail of the pancreas. He
was given diazoxide and referred for surgery. The exami-
nations on admission showed the following results: level
of consciousness, lucid; blood pressure, 136/91 mmHg;
pulse, 82 bpm; temperature, 36.6 ‘C; overall status, stable.
The patient had renal anemia and hypoalbuminemia (Ta-
ble 1). The renal function test results and fasting blood
glucose level before starting dialysis are shown in Table 1.
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Table 1 Blood test findings on admission

Albumin, g/dL 3.0 (3.9-4.9)
Total bilirubin, mg/dL 0.3 (0.2-1.0)
Aspartate aminotransferase, IU/L 7 (10-40)
Alanine aminotransferase, IU/L 7 (5-45)
Blood urea nitrogen, mg/dL 54 (7.2-20.0)
Creatinine, mg/dL 8.2 (0.5-1.1)
Sodium, mmol/L 131 (136-145)
Potassium, mmol/L 4.1 (3.6-4.8)
Chlorine, mmol/L 101 (99-109)
White blood cell, pL 8000 (3100-9500)
Hemoglobin, g/dL 9.9 (13.5-16.9)
Platelet /uL 23.6 x 10" (15.1-34.9)
Fasting blood sugar, mg/dL 290 (70-109)
Hemoglobin Alc 7.6% (4.3%-5.8%)

Insulin, WIU/mL
C-peptide, ng/mL

4860 (1.8-12.2)
14.87 (0.61-2.09)

Binding rate of anti-insulin antibodies 76.2% (< 0.4%)
Carcinoembryonic, ng/mL 7.8 (<5.0)
Pancreatic cancer-associated antigen-2, U/mL 190 (< 150)

Renal function test results and fasting blood glucose level before starting
dialysis. Values in parentheses are normal ranges in our institution. All
data were collected during the fasting state.

The blood levels of insulin and C-peptide were remark-
ably high, and those of carcinoembryonic antigen and
duke pancreatic monoclonal antigen type 2 were slightly
high. The levels of thyroid hormone and pituitary hor-
mone were normal. The binding rate of anti-insulin anti-
bodies was high, and we therefore could not deny insulin
autoimmune syndrome.

Abdominal contrast computed tomography revealed
a tumor 1 cm in diameter in the tail of the pancreas that
was highly contrasted in the arterial phase (Figure 1A).
The main pancreatic duct was not expanded, and the tu-
mor was a suspected islet tumor. Endoscopic ultrasonog-
raphy identified a uniformly hypoechoic tumor in the tail
of the pancreas that measured 11 mm X 6 mm and had a
smooth surface. Doppler ultrasonography demonstrated
blood flow in the marginal regions of the tumor (Figure
1B). No other tumors were observed in the pancreas. We
performed a distal pancreatectomy because intraopera-
tive ultrasonography (IOUS) revealed that the tumor was
close to the main pancreatic duct, making enucleation dif-
ficult. A cross-section of the surgical specimen showed a
solid whitish nodule (Figure 1C). The tumor was preop-
eratively suspected as an insulinoma, but immunostaining
showed that the main lesion was negative for insulin and
positive for glucagon (Figure 2A and B). Additionally, the
tumor was positive for CD56, chromogranin A and syn-
aptophysin and negative for somatostatin. With an MIB-1
index of 1.6% and mild venous invasion, the tumor was
identified as an NET, grade 1 (G1). At the slightly tail
side of the main lesion, one hyperplastic nodule 3 mm in
diameter was observed. Immunostaining demonstrated
that the microadenoma was positive for insulin and glu-
cagon (Figure 2C and D). After surgery, the blood levels
of insulin and C-peptide significantly decreased, but the
binding rates of anti-insulin antibodies were unchanged
(Table 2). The patient resumed insulin self-injections and

March 27,2013 | Volume 5 | Issue 3 |



Yamashita S et a/. Pancreatic insulinoma combined with glucagonoma

Figure 2 Immunostaining histological findings for the main lesion and the microadenoma (x 100). A: The main lesion revealed positive for glucagon; B: The
main lesion revealed negative for insulin; C: The microadenoma revealed most positive for glucagon; D: The microadenoma revealed weakly positive for insulin.

Table 2 Changes of three parameters around distal pancre-

atectomy

Before  After the
the operation
operation (POD 14)
Serum insulin level (1.8-12.2 uIU/mL) 4860 553
Serum C-peptide level (0.61-2.09 ng/mL) 14.87 5.28
Binding rate of anti-insulin antibodies (< 0.4%)  76.2 70.3

Values in parentheses are normal ranges in our institution. POD: Postop-
erative day.

achieved good glycemic control without taking diazoxide.
He was discharged without complications on postopera-
tive day 14.

DISCUSSION

Neuroendocrine tumors (NETs) originate from the pan-
creas or gastrointestinal tract and are histologically divided
into NET G1, NET G2 and neuroendocrine carcinoma,
including small cell type, large cell type, and mixed ad-
enoneuroendocrine carcinoma, according to the World
Health Organization classification'”. Our case was ulti-
mately diagnosed as an NET G1. Endocrinologically,
functional tumors account for 41%-48%, and most are
insulinomas™. The symptoms of insulinoma generally
include hypoglycemia resulting in neuroglycopenic symp-
toms and hyperadrenalism because of a vicarious in-
crease in adrenalin'”. While blood examinations are use-
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ful for identifying insulinoma, imaging studies are helpful
for localizing tumors. In recent years, surgeons have had
to guess the locations of some microscopic tumors by
observing the hormones flowing back to the hepatic
vein after an intraarterial injection of calcium and then
resecting the tumors under IOUS"*'". Most insulinomas
are sporadic and completely cured by enucleation. Af-
ter surgical therapy, patients with insulinomas generally
have excellent long-term survival. A large patient cohort
from the Mayo Clinic in Rochester demonstrated that
cure was achieved in 98% of patients after surgical re-
section™"”. However, some cases, including high-grade
malignant tumors with a poor expected prognosis, those
accompanied by independent tumoz(s) that secrete other
hormone(s) and patients with multiple insulinomas, re-
quire careful attention' ", Specifically, the percentage of
patients with concomitant insulinoma and glucagonoma
among all insulinoma cases reported in Japan between
1991 and 2000 was 1.7% (6/358)""". Many were mixed
tumors, which can produce more than one type of hor-
mone. Mixed endocrine pancreatic tumors producing
several peptide hormones have also been reported in
the West!'"!. However, our patient had 2 independent
lesions, and it is therefore highly likely that we could not
achieve good glycemic control only by simple enucle-
ation of the main lesion. To our knowledge, only 6 cases
including our case, which had both insulinoma and glu-
cagonoma, have been reported since 1985 in Japan (Table
3)"# There were no particular correlations with age or
gender among the 6 patients, and in all cases, only the
insulinoma was responsible for their chief complaints.
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Table 3 Reports of coexistent cases of pancreatic insulinoma and glucagonoma in Japan

Case Age Gender Chief Definitive diagnostic Preoperative Operative Postoperative
(yr) compliant procedure diagnosis procedure diagnosis

1™ 24 M Consciousness ASVS + AG Six insulinoma at pancreatic DpP Five insulinomas and two
disturbance tail glucagonomas

s 73 F Consciousness ASVS One insulinoma at the region enucleation One insulinoma and one
disturbance of GDA perfusion glucagonoma

320 21 M Consciousness ASVS One insulinoma at the region 1* enucleation, One insulinoma and one
disturbance of SpA perfusion 2" DP glucagonoma

4P 60 F Consciousness AG One insulinoma at pancreatic Dbpr One insulinoma and one
disturbance tail glucagonoma

5% 59 B Consciousness CT One insulinoma at pancreatic DP One insulinoma and one
disturbance tail glucagonoma

6 70 M Fasting CT + EUS One insulinoma at pancreatic DP One insulinoma and one

(our case) hypoglycemia tail glucagonoma

ASVS: Arterial stimulation and venous sampling; AG: Angiography; CT: Computed tomography; EUS: Endoscopic ultrasound; GDA: Gastroduodenal ar-

tery; SpA: Splenic artery; DP: Distal pancreatectomy; M: Male; F: Female.

Glucagonoma was postoperatively diagnosed in most
cases by examining additional tumors that were periop-
eratively identified by IOUS and resected. In 1 case (Case
3), the surgeons postoperatively identified an enucleated
tumor as a glucagonoma and performed further surgery
to improve persisting hypoglycemia; the patient later
underwent distal pancreatectomy. Some PNETS secrete
multiple hormones or are accompanied by independent
hormone-positive cells that secrete other hormone(s).
In this case, a small hyperplasic nodule secreting insulin
incidentally coexisted with a glucagonoma. Some have
reported that pancreatic islet cell hyperplasia could cause
hyperinsulinemic hypoglycemiamm. It is not necessarily
easy to clinically and preoperatively diagnose such rare
cases, even with advancing localization techniques. Care-
ful attention is thus required to identify possible multiple
lesions and monitor patients for the postoperative recur-
rence of tumors secreting the same or other hormone(s).

In this report, we characterized and discussed a rare
insulinoma case that was preoperatively diagnosed as
pancreatic insulinoma and postoperatively shown to be
accompanied by glucagon-positive cells.
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p B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood
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and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
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