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agents to the liver with a minimal systemic toxicity'® and
thus provides high response rates of up to 83%."° However,
HAI alone cannot cure such patients."*'” Indeed, there
were al best only one or two 5-year survivors in each HAI
trial. "7

To overcome this problem, we had conducted a pilot
study of multimodality therapy with hepatic resection after
HAI and portal vein embolization for unresectable hepatic
metastases and reported the feasibility and potential benefit
for sclected patients.'s The purpose of the present study
was to evaluate the long-term efficacy of HAI and hepatic
rescetion after HAI for patients with initially unresectable
liver metastases from colorectal carcinoma.

Patients and Methods

Between 1988 and 1999, 72 patients with synchronous or
metachronous unresectable hepatic colorectal metastases
received HATL Of them, nine patients received HAT after
resection of two liver segments or more and ten after
resection of one liver segment or less. Informed consent
was obtained from each patient. All patients had multiple
liver metastases involving three or four hepatic segments
(Table 1), which were detected by computed tomography
(CT) and ultrasonography (US) and/or confirmed by
intraoperative US and biopsy. These metastases were
considered unresectable because the remaining functional
parenchymal volume of the liver after resection was
cstimated to be too small to maintain normal liver function
or the tumors were contiguous to essential intrahepatic
vascular structures. If hepatic metastases became resect-
able alter HAI, resection was performed. All patients
were followed up for at least 5 years or until death.
Retrospective analysis of clinicopathologic data from the
prospective database and medical records of these patients
was conducted.

All patients underwent hepatic arterial catheterization
and placement of an implantable reservoir'” or an Infusaid
model 400 pump (Infusaid, Norwood, MA, USA)*® with or
without a laparotomy. In the laparotomy group, the gall
bladder was removed and the right gastric and gastroduo-
denal arteries and small branches supplying the stomach
and duodenum were ligated. An arterial catheter was placed
into the gastroduodenal artery, with the tip placed at the
junction of the proper hepatic artery and gastroduodenal
artery. In the non-laparotomy group, the gastroduodenal
and right gastric arteries were occluded with steel coils. A
catheter was placed into the proper hepatic artery via the
subclavian or femoral artery. After the catheter was
connected to the reservoir or the pump, fluorescein dye or
indigo carmine was injected through the catheter to confirm
complete perfusion of the liver.'™!?
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Table 1 Patient Characteristics

No. of patients

Patient
Sex
Male 50
Female 22
Age (years) 59 (range 32-78)%
Pritnary tumor
Site
Colon 39
Rectum 32
Unknown {

Histological grade®

Well-differentiated 28
Moderately difterentiated 41
Poorly differentiated 3
Transmural invasion depth (pT)°
T2 3
T3 63
T4 4
Unknown 2

Regional lymph node metastasis (pN)b

NO 10
N1 19
N2 30
Unknown 3

Pathologic stage®
I 1

il 3
m 14
v 52
Unknown 2
Liver metastasis
Appearance
Synchrpnous 52
Metachronous 20

No. of tumors®

2 2(2)

3 3(2)

4 41

5-9 25 (4)

=10 38
Sum of tumor diameters (cm)®

5-9 27 (8)

10-14 30 ()

15-19 8

>20 7
Number of involved segments

3 10

4 62

CEA levels (ng/ml) 61.3 (range 1.6-6,000)"

CEA carcinoembryonic antigen
*Numbers are median and range
" UICC TNM classification (6th edition)

“Numbers in parenthesis represent the number of patients who
underwent rescction of two liver segments or more before hepatic
arterial infusion :
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HAI was initiated 2-3 weeks after recovery from
simultancous colorectal resection or the next day after
catheter placement alone. The protocols for HAI were as

follows:

Protocol | The initial dose of 360 mg/m* per day of 5-
fluorouracil (FU) was infused for 7 days by
using an extracorporecal continuous infusion
pump (CADD-1, Pharmacia, St. Paul, MN,
USA), followed by 180 mg/m? per day of 5-
FU for 21 days. After a 7-day interval without
infusion, 180 mg/m? per day of 5-FU was
infused for 7 days. This 7-day infusion/7-day
no infusion cycle was repeated.'”

Protecol 2 The initial dose of 360 mg/m™ per day of 5-FU
was infused for 14 days by the same pump.
After a 7-day interval without infusion,
180 mg/m” per day of 5-FU was infused for
7 days. This 7-day infusion/7-day no infusion
cycle was repeated.

Protocol 3 The initial dose of 1,000 mg/m2 of 5-FU was
administered over 5 h once a week by the same
pump, and this therapy was repeated as long as
possible.

Protocol 4 The starting doses of 120 mg/m? per day of 5-
FU was administered by continuous infusion
through the Infusaid pump for 21 days, alter-
nating with normal saline for 7 days, and 4
mg/m” per day of mitomycin C was given by
injection through the side port of the pump
once a month. This trcatment cycle was
repeated as many times as possible, ™™

We used 5-FU instead of the floxuridine (FUDR)
because FUDR was not permitted in Japan. The patients
underwent a physical examination, complete blood count,
and blood biochemistry profile cvery 2 weeks. When
abdominal symptoms or abnormal values in the blood test
attributable to HAT were noted, HAI was discontinued until
the complications were resolved. Afler resolution of the
complications, subsequent doses were administered at half
of the starting dose. Upper gastrointestinal endoscopy and
angiography via the implanted reservoir were performed
when symptoms of epigastric pain and/or vomiting were
observed. When severe complications such as bleeding
from a duodenal ulcer, sclerosing cholangitis, occlusion of
the hepatic artery or extravasation, appearance of extrahe-
patic metastases, and regrowth of hepatic tumors occurred,
HAIL was terminated. Treatment was continued for as long
as the hiver tumors were evaluated to have either decreased
in size or remained unchanged.'®

All of the patients were examined before the initiation of
HAL and every 2 months thercafter with CT and US of the
abdomen and chest X-ray. The tumor response was

evaluated with CT and US and was defined according to
the World Health Organization criteria.®® A complete
response (CR) denoted the disappearance of all liver tumors
for more than 4 weeks by CT and/or US. A partial response
(PR) indicated a reduction of more than 50% in the sum of
the largest diameters of all tumors for more than 4 weeks by
CT. Progressive disease (PD) was defined as an increase in
tumor size of greater than 25% or an appearance of new
liver tumors. The patients with other response were
considered to have stable disease (NC). The duration of
the response was measured from the onset of a tumor
reduction of more than 50% to disease progression.
Survival curves were estimated with the Kaplan-Meier
method and differences in survival were evaluated with the
log-rank test. All statistical analyses were performed using
SPSS for Windows, version 11.0J (SPSS-Japan Inc., Tokyo,
Japan). All P values were two-sided and a P value of less
than 0.05 was considered to be statistically significant.

Results

The characteristics of the patients are shown in Table 1 and
treatment results in Table 2. The overall response rate was
38% (eight patients with CR, 19 with PR; Table 2). NC was
found in 20 patients and PD in 25. The response rates for
the protocols 1, 2, 3, and 4 were 50% (one patient with CR,
five with PR), 67% (two CR, four PR), 20% (two CR, six
PR), and 64% (three CR, four PR), respectively. Minor
complications including epigastric pain, nausca, vomiting,
and back pain were obscrved in 44 patients (61%). Of eight
patients (11%) with severe complications, six patients had
duodenal ulcers, onc sclerosing cholangitis, and one both
duodenal ulcer and sclerosing cholangitis. Among the
seven patients with duodenal ulcers, six suffered bleeding
and four underwent emergency surgery. The two patients
with sclerosing cholangitis developed liver abscesses and
received US-guided drainage, but died at 40 and 82 months
after the initiation of HAI, respectively.

All patients were followed for at least 5 years or until
death. At the last follow-up, three patients (4%) undergoing
hepatectomy after HAI were alive. Two patients (3%) died
of liver abscess due to sclerosing cholangitis without
recurrence and 67 patients (93%) died of the disease.
Extrahepatic recurrences appeared in 45 patients (62%),
including lung metastases in 41 patients, bone metastases in
nine, local recurrence in five, lymph node metastases in
three, and brain metastases in two.

The median survival of the 72 patients after the initiation
of HAI was 18 (range, 3-167) months. Seven patients
(10%) survived more than 58 months. The 1-, 2-, 3-, 4-, and
5-year survival rates were 72%, 32%, 18%, 10%, and 7%,
respectively (Fig. 1). The survival of the responders (CR
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Table 2 Treatment Results

Protocol no. No. of patients Response rate (%) CR rate (%) Complication rate (%) Rate of severe Resection rate (%)
complication® (%)

1 12 50 8 75 8 0

2 9 67 22 77 11 33

3 40 20 5 65 5 5

4 11 64 27 90 36 18

Total 72 38 11 72 I 10

CR complete response
* Sever complications were sclerosing cholangitis and duodenal ulcer

plus PR) was better than that of the non-responders (NC
plus PD; P<0.001). The median survival time was
26 months for the responders versus 12 months for the
non-responders.

Table 3 shows details of the eight patients with CR. Of
them, seven patients developed liver and/or lung metastases
afterward, and only one patient maintained CR who died of
liver abscess due to sclerosing cholangitis at 40 months. Of
the seven patients with relapses, one patient undergoing
resection of metastases confined to the liver was alive at
118 months. Another patient received HAI again, but died
at 27 months. The remaining five patients received systemic
chemotherapy because of extrahepatic disease or occlusion
of the hepatic artery.

Owing to shrinkage of liver metastases after HAI, seven
patients (10%) could undergo hepatectomy. Details of these
patients are shown in Table 4. Of the three patients with PR
whose remaining metastases were confined to the right
lobe, one patient could undergo right lobectomy and two
extended right lobectomy after portal vein embolization.
Another patient could undergo left lobectomy and wedge
resection after portal vein embolization. The other three
patients underwent wedge resection. Postoperative compli-
cations included bile leakage in two patients and liver

100
80
60

40

Survival rate (%)

20

0

0 1 2 3 4 5 [¢]
Time (years)

No. atrisk 72 52 23 13 7 S

Figure 1 Survival curve of the overall patients who received hepatic
arterial infusion chemotherapy for unresectable hepatic colorectal
metastases (n=72). Time is from the initiation of hepatic arterial
infusion.
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abscesses in two. One patient died of liver abscesses due to
sclerosing cholangitis at 82 months, and three patients died
of liver and/or lung metastases. The median survival of
these patients was 63 months, whereas it was 17 months for
those who could not undergo hepatectomy (P<0.001;
Fig. 2). The 1-, 3-, and 5-year survival rates of the patients
with hepatectomy after HAI were 100%, 86%, and 71%,
respectively, and five patients (7%) survived more than
5 years.

Discussion

Complete surgical resection is currently the only treatment
that can provide long-term survival and cure for patients
with hepatic colorectal metastases.*™ Although only 10—
25% of the patients can undergo complete resection,”'**!
the resection rate may be improved if chemotherapy
sufficiently reduces the size and number of the
tumors, 121821

The current systemic regimens consisting of 5-FU,
leucovorin, oxaliplatin, irinotecan, bevacizumab, and cetux-
imab bring about response rates of 70% or more so that
they are regarded as standard therapy for unresectable
metastatic colorectal cancer,'"'? However, the median
survival after such chemotherapy alone is up to
20 months.™® Although the systemic chemotherapy also
enables resection in 15-30% of patients with disease
limited to the liver,'* the 5-year survival rates following
such resection are still around 33%.'2"' In addition, the
current regimens cannot be used for patients who suffer
toxicity or refractory disease after the current systemic
therapy.

On the other hand, the response rates of HAI with FUDR
are reported to be 42-62% and the median survival after
HALI have ranged from 13 to 17 months,'®'>1623™ 1y qur
previous study, the median survival of eight patients with
unresectable liver metastases, who had undergone resection
of the primary tumor and received HAI with 5-FU, was
30 months with a response rate of 75%.'® Therefore,
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‘Table 3 Details of the Patients with Complete Response

Case  Age No. of  Sum of tumor Protocol ~ Duration of CR  Site of relapse  Treatment after  Survival QOutcome
no. {years)/sex  tumors  diameters (cm)  no. (months) relapse (months)*

1 78/M 10 7.3 P-4 28 None None 40 Dead”

2 62/M 7 5.6 P-4 15 Liver SCT 46 DOD

3 44/M 5 11.4 p-2 10 Liver Resection 118 ANED

4 65/M [l 10 P4 9 Liver, Lung SCT 58 DOD

5 STM 7 72 P-3 7 Liver, Lung SCT 45 DOD

0 66/ 2 2 P-1 4 Liver SCT 26 DOD

7 61T 12 9.7 p-2 4 Liver SCT 21 DOD

8 59/ % 1 9 P-3 3 Liver HAI 27 DOD

CR complete response, SCT systemic chemotherapy, HA/ hepatic arterial infusion, DOD dead of disease, ANED alive with no evidence of discase

“Sunvival from initiation of hepatic arterial infusion

" The patient died of liver abscess due to sclerosing cholangitis

“The patient underwent resection of eight liver metastases before HAL

although HAI is not effective for extrahepatic diseases and
has some lechnical difficultics, HAI seems to have a certain
role for selected patients with diseasc limited to the liver.
In this study, the response rate was 38% overall, but
ranged from 20% to 67% according to the protocols.
Reflecting these response rates, the median survival time
was 18 months. These results are comparable to those
following HAI with FUDR and are approaching those with
the current systemic regimens. Although this was not a
randomized controlled study and the number of patients

was limited. protocol 2 showed the highest response rate of

67%. the highest resection rate, the moderate rate of severe
complications, and seemed to be the best among our
protocols. However, 62% of our patients developed
extrahepatic relapses, mostly lung metastases, for which
HAT has limitations.

The median survival of our patients with CR was
42 months and the survival of the responders was signifi-
cantly better than the non-responders in line with previous
reports.'” However, most patients showing CR had relapses
eventually as reported before.'” Actually, of the eight
patients with CR, seven had relapses and only one patient
who underwent hepatectomy for relapsed liver metastases
has been free of discase. Therefore, as is recommended in
the Expert Consensus Statemcnt,ll hepatic metastases
should be resected when they become resectable.

Although there have been many studies on hepatectomy
following systemic chemotherapy,'™*'*" the number of
studies on hepatectomy after HAI is limited,' ™75
particularly with a few long-term follow-up stud-
jes. ' B=0372829 Elias et al.*” reported that liver tumors in
6% of 239 patients who received HAI with 5-FU and other

Table 4 Deltails of Seven Paticnts Who Underwent Hepatectomy After Hepatic Arterial Infusion Chemotherapy

Case no. Age No. of  Sum of tumor Protocol
(ycars)y/sex  tumors  diameters (cm)  no./response

PVE  Type of Complication  Site of  Survival Outcome
surgery  after surgery relapse  (months)”

| 40/M 5 12.8 P-4/PR
2 44/M 5 11.4 P-2/CR
3 46/M 14 13 P-4/PR
4 S6/F 7 11.4 P-3/PR
3 3SF 8 20 P-2/PR
6 67/M 8 8.1 P-3/PR
7 62/M 5 10.4 P-2/PR

Yes RL Bile leakage None 167 ANED
No w None None t18 ANED
Yes ERL None None 82 Dead®
Yes LL+W None Lung 63 ANED*
Yes ERL Bile leakage Liver 62 DOD?
No w Liver abscess  Lung 58 DOD¢
No W Liver abscess  Liver 22 DOD*!

PVE portal vein embolization, PR partial response, CR complete response, RL right lobectomy, W wedge resection, ERL extended right
tobectomy, LL left lobectomy, ANED alive with no evidence of disease, DOD dead of disease

*Survival from initiation of hepatic arterial infusion

" The patient died of liver abscess due to sclerosing cholangitis

“"The patient is still alive afier hepatectomy and after partial resection of the lung for lung metastasis

““The patient died of lung and/or liver metastases
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Figure 2 Survival curves according to the additional hepatectomy
after hepatic arterial infusion chemotherapy for unresectable hepatic
colorectal metastases. Survival of the patients with additional
hepatectomy (n=7, solid line) was significantly better than that of
those without hepatectomy (n=65, broken line; P<0.001). Time is
from the initiation of hepatic arterial infusion.

agents for unresectable hepatic tumors subsequently be-
came resectable, and five of the nine patients with hepatic
colorectal metastases had been free of disease, with a mean
follow-up time of 36 months. Link et al.*” evaluated 168
patients with unresectable hepatic colorectal metastases
treated with HAI with FUDR and others. The overall
resection rate was 5%, and seven patients were alive 2—
58 months after resection. Meric et al.** reported that 18 of
383 patients (5%) treated with HAI with FUDR or 5-FU
and others for unresectable hepatic colorectal metastases
could undergo resection. Of them, 15 patients developed
recurrence at a median follow-up of 17 months and three
died of other causes within 7 months. Clavien et al.> used
HAI with FUDR and induced resectability in six of 23
previously treated patients (26%) with unresectable hepatic
colorectal metastases (including 20 previously treated with
irinotecan). The actuarial survival rate at 3 years was 50%.

In the present study, although the resection rate was
10%, the median survival of the seven patients with
hepatectomy was 63 months and six patients survived more
than 58 months. In terms of resection rate and survival, our
results seem to be preferable to those of the previous HAI
series”>""** and almost similar to the recent results with
FUDR.** In addition, our survival results appear to
approach those with the current systemic regimens,' "%
In resection rate, however, ours are worse than those with
the systemic regimens. Moreover, in spite of long-term
survival, 43% of our patients eventually died of the disease.
Therefore, the current HAI are not sufficiently effective for
unresectable colorectal liver metastases in terms of long-
term survival.

Integration of targeted agents such as cetuximab and
bevacizumab into the current systemic regimens has been
shown to raise response rates up to 70% or more'? and may
improve the resection rate and survival. Another possible
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option is a combination of HAI and systemic therapy,
which simultaneously utilizes a high drug concentration in
the liver brought about by HAI and the suppression of
extrahepatic disease by systemic therapy. A third possi-
bility is postoperative adjuvant chemotherapy. Portier et
al.*° conducted a randomized controlled trial and showed
that postoperative 5-FU plus leucovorin improved disease-
free survival of the patients who underwent liver resection
for colorectal metastases. All these options and their
combinations seem to be promising and warrant further
investigation.

Timing of hepatectomy is another important issue for
improving the outcomes. If we had performed hepatectomy
for the seven patients with CR, the resection rate would
have been 19% (14/72) and they might have avoided
relapses. Therefore, as is recommended in the Expert
Consensus Statement,'* resection should be performed as
soon as hepatic metastases become technically resectable.
Also, resection should encompass the segments involved
based on pre-chemotherapy imaging.'”

In this study, four patients (57%) suffered postoperative
complications consisting of bile leakage and liver abscess.
This morbidity is higher than expected in hepatectomy
without neoadjuvant chemotherapy. Indeed, we have
seldom experienced liver abscess in surgery alone. Elias et
al.?® reported that postoperative complications were signif-
icantly more frequent after hepatectomy following HAI
than after hepatectomy alone (57% versus 18%). The rates
of complications directly associated with hepatectomy,
including hemorrhage, biliary fistula, abscess, and atelecta-
sis, were 29% in the HAI group versus 11% in the non-HAI
group. HAI with 5-FU or FUDR is known to cause nodular
regenerative hyperplasia, steatohepatitis, chemical hepatitis,
and biliary sclerosis.'"'* Although their pathogenesis has
not been well established,''"'* these high complication rates
are attributable to such hepatobiliary toxicity. In this aspect,
early resection has an advantage of shortening the duration
of HAI and thus reducing damage to the liver.

During HALI in our series, two patients developed liver
abscesses due to sclerosing cholangitis and four had
bleeding duodenal ulcers, both of which were life-
threatening and necessitated emergency intervention. The
etiology of sclerosing cholangitis is not well understood,
but is mainly attributable to a combination of ischemia and
inflammation.'® The incidence of sclerosing cholangitis
with FUDR HAI was reported to rise with an increase in the
infusion dose'® and the duration of infusion.'® Therefore,
we should reduce dosage and shorten duration as less as
possible. The addition of dexamethasone to HAI regimens,
circadian modification, and drug alternation also have been
attempted’® and may be beneficial. Gastrointestinal toxicity,
mainly gastroduodenal inflammation and ulceration, is
directly related to extrahepatic perfusion.'> This can be
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avoided by careful hepatic artery dissection, including
ligation of the right gastric artery and all the small branches
in the hepatoduodenal and hepatogastric ligaments, during
catheter placement.’* Oral histamine receptor blockers may
decrease the severity of gastric toxicity.'® Early detection of
toxicity and discontinuation of HAI are also important to
prevent the occurrence of severe complications. We should
pay careful attention to elevations of aspartate aminotrans-
ferase, alkaline phosphatase, and bilirubin in addition to
gastrointestinal symptoms.'*

In conclusion, the present study showed that almost all
patients showing CR or PR after HAI for unresectable
hepatic colorectal metastases had relapses, but overall long-
term survival of patients undergoing hepatectomy after HAI
was favorable. Therefore, when HAI makes liver metasta-
ses resectable, they should be resected. This approach
appears helpful for patients with unresectable colorectal
metastases limited to the liver who suffered toxicity or
refractory disease after the current systemic therapy.
Although the standard drug for HAI is FUDR, efficacy of
the current HAI regimen with 5-FU appears almost similar.
To improve survival further, measures to increase candi-
dates for resection, reduce liver and lung relapses, and
reduce complications are necessary.
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Combination of Hepatic Arterial Infusion Therapy and FOLFOX for Colorectal Cancer with Multiple Unresectable Liver
Metastases Causing Severe Liver Dysfunction: Takeshi Suto™, Toshihiko Sato*', Naoki Mori*!, Naruhisa Takano*!,
Koshiro Ishiyama™', Naoki Sakurai™", Kiyohiro Saito*?, Hajime lizawa*' and Eiichi Ikeda*' (Dept. of"'Gastroenterological
Surgery, **Radiology, Yamagata Prefectural Central Hospital)

Summary

Purpose: The purpose of this study was to evaluate the efficacy of the combination of hepatic arterial infusion thera-
py and FOLFOX for colorectal cancer with multiple unresectable liver metastases causing severe liver dysfunction.

Subjects and Methods: The subjects were 13 colorectal cancer patients who had undergone resection of the primary
tumor, and showed multiple, unresectable liver metastases and severe liver dysfunction. They consisted of 8 men and 5
women, with a median age of 63 (29-77) years. Of these patients, 7 and 6 had colon and rectum cancers, respectively.
They had an average of 8 (3-22) liver metastases of 4.6 (1.5-14.5) cm in diameter. During surgery, extrahepatic
lesions were found in 3 patients (P in 2, and CY in 1). The preoperative serum LDH and ALP levels were high, at 1,099
(322-1,418) and 1,011 (644-2, 384), respectively. The follow-up period was approximately 500 (248-928) days. Only
5-FU in FOLFOX4 or 6 m therapy was infused into the hepatic artery, and LV and L-OHP were injected into the central
venous port about every two weeks. Response rates and adverse events were evaluated according to the RECIST
criteria and CTCAE ver 3. 0, respectively.

Results: The therapy was performed 14 (6-22) times, with a response rate of 84. 6% for liver metastases, facilitating
hepatectomy in 1 patient. The overall response rate was 61. 5%, with 1 patient dying of the primary cancer on the 265th
day. Grade 3 adverse events were neutropenia and anorexia in only 1 patient each, and no adverse events were specific
to hepatic arterial infusion.

Conclusion: Since the follow-up period after this therapy was still short, only 13 patients have received the therapy.
However, it appears that it can be performed relatively safely, and is effective for the control of extrahepatic lesions as
well. Therefore, this therapy provides good control, and can be a treatment option. Key words: Colorectal cancer,
Multiple liver metastases, Hepatic arterial infusion, FOLFOX (Received Apr. 2, 2008/Accepted Jul. 3, 2008)

BE HN BEZHERES N URTEZENER G T 5 ABBESN T+ 2 FEEH A FOLFOX S04 3
WEDOVWTKRET 5. HEEHE BELFREESZEIUBRTFESRFEELA L, ERESUR L - AESEEN 1362
MRE U BUSH, ZMSH, FlidhRE63 (29~77) BTho7. BB 7H, EE6H, FEBERILS (3~22
B K&54.6 (1.5~14.5) cm TH Y, WrhIHFFBEEIX3IF (P26, CYLH) w2, #rgimr LDH 1,099 (322~
1,418), ALP 1,011 (644~2,384) L BETh o7, BRELMEIIH 500 (248~928) B TH - 72e FOLFOX4 F7:4k 6 m HHiE
O5-FUDAHARFENELOBIEL, LV & L-OHP @3 .0RE— F X O8EL, 28I L 0T L. 4= RE-
CISTIZ, HREHESIL CTCAE ver 3.0 ZHEWVEEM L /2o &2 MITHEE 14 (6~22) BTH o7, i NG % v ks h g
84.6% T, 1PIICUIRTRETH o720 2ETII6L.5%DEETH Y, FECelL 1 H (265 B HEFHEE) TdHolo grade3
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KIBED ) b IFERBIE R 10%, REMEIC 15%
ERLEHEECRDIERHRATH L, KBHBOWE
ZRFEBHOFREIFRE Vb, EIREHAO 50%4
TFERI 4.5~125 2 AL MEEHRTWE™, 2T
AF 2 BTt Arai 512 & Y 5-fluorouracil (5-FU) #
iz X A FFBNERES T SN, B BARESRE
BOTWEA", BRKTOEFMFRELDT V¥ 41
BB B CHATHNERDRZZD Vv EHE
ENTWY, ETHE FOLFOX % L OEHEOH
EHLEREE L HITL, down-staging BICHFYIKREIT
v, EERL ERFLRREIREShTwEY £k
HE&mbhbiud, BEOREERELE T LUKRTE
L RBBEESERN T L, BEH#EROE Y 5-FU
O FFEYIEFEEL levofolinate calcium (LV) & oxalipla-
tin (L-OHP) @4 5¥#%5 & O EBEEFRITL, £0F
s BEHIIDWTHRE L, (bFBREDEEH/INY
13 RECIST (Response Evaluation in Solid Tumors)
HA V54, AEELE CTCAE ver. 3.0 (Common
Terminology Criteria for Adverse Events v3.0) (27~
7o MBFHEE R EEEIKBRIURCBAE 7
K- 720

I. ¥M&BLUFE

1. % &
2005 4 6 B ~2007 4F 8 H £ TR ER 2 F
THRBEEMIN L, HFH TREREERTE first-line

Tablel Subjects

Gender

Male/female 8/5
Age 63 (29~77)
Performance status

0/1/2/3/4 11/2/0/0
Tumor location

Colon/rectum 7/6
Number of liver metastases 8 (3~22)

Diameter of liver metastases (cm) 4.6 (1.5~14.5)
Extra hepatic metastases

yes/no 3/10
P/CY 2/1
GOT (IU/L) 104 (31~228)

GPT (IU/L)
r-GTP (IU/L)
T-Bill (mg/mlL)
LDH (IU/L)
ALP (IU/L)
CEA (ng/mL)
CA19-9 (U/mL)

110 (32~208)

252 (85~631)

0.8 (0.3~1.3)

1,099 (322~1,418)
1,011 (644—~2,384)
362.1 (65.6~3,832)
451.3 (46.9~73,816)

BALPEE

12T FOLFOX i % AT L 7 AT RISRAERI 65 i,
BEORBEEELFT AL ERERICTHE 251K
BOBIFEZ SN 13FERNHE Lz, 13 FIOERK
RBEIVFEH% Table 1 URT . WAVBREXF T 2EH
3B (TR RS CREIRIERE 2 B, BFPIERY) »/SEiRE
R 1 f0) (5B 7z, TR ALP fE0Fdefifiid 1,011 (644~
2,384) LBETH -7

2. 5 &

MRS RABEMIC X b IVR I TE+ 8Bk
EEBBROMMBBERN L RATL, FERICHKMEIR
POFERPACA T T VEREBL, R— MR TIIHE
DRAATE, BPICHEBHEMNIC L D EEF TEIRL b 0
RA— b+ OEE% Wit L7ize %5513 FOLFOX4 %
i3 6m DL YA ERBRICHIT LA, 5-FU OARF
BER— ML YEAL, LV & L-OHP % HLEIRA —
FEYEALS. 2 BMTEICPD $-138 HKEEE
b, HERZICTHIEE RS T THITL

I. # 2 (Table2, 3)

1. #E KR

FrEhESE A FOLFOX D MEITH BT P RAET 14
(6~22) EdHoize 4BPINHEMETTHY, PO
B 1 BASBERYBRIC X Y, 3FIAPDIZX Y, 1 BIAHF
BIRFAZBIZLY, 4V FEERRETH o7

Table 2 Response rate and prognosis

Response Liver Overall
Complete response, No 0 0
Partial responses, No 11 9
Stable diseanse, No 1 1
Progressive diseases, No 1 4
Response :
No. 11 8
% 84.6 61.5
Death

No (days after chemotherapy) 1 (265 days)

Courses of chemotherapy 14 (6~22)
Table3 Adverse events
grade

Adverse 23 No. (%)

events 1 2 3
Neutropenia 1 1 1 2 (15.3)
Hb 1 0 0 0 (0
Platelet 1 0 0 0 0
Anorexia 1 0 1 1 (7.7
Nausea 1 1 0 1 (7.7)
Diarrhea 1 0 0 ()]
Paresthesias 7 2 0 2 (15.3)
Allergy 0 0 0 0
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Fig.1 Casel
a; Before surgery and chemotherapy.
b: After 6 courses of combined hepatic arterial infusion therapy and FOLFOX6m.
c: After 16 courses of therapy. Reduction rate: 61%.

Fig.2 Case2
a: Before surgery and chemotherapy.
b: After 17 courses of combined hepatlc arterial infusion therapy and
FOLFOX6m. Reduction rate: 729

2. HiEENE 3. FHEEWRBIZONT

FBRZ BT B IEB R 1L CR # Bk b Do) TECHIE 1 BIO & CHE 265 T o 7-0 548
8% EZETHD, Fig 1~4 \2Z %% R ¢ A% Fig. SRR AS TR 4 T 495 (248~928) HE W & bd b
LEEHBICORTREMNE 2 D, Fig 2 25 S0RTFE B, 2L AN 2 B, 1 AT 5 P e Tk
Th b, HRIEHEIL61.5%Th ). FRBOBEL L HHBM AT Th ot 2KIEEE LT 8Bl
AR OMBIC LY 4 BUZ PD 2R AHBINFING  FOLFIRI ML, YIMT BRI % S-1 PRk & 3677
BOIY ba—h BIFTH -7, LCTwah,
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Fig.3 Case3
a: Before surgery and chemotherapy.

b: After 9 courses of combined hepatic arterial infusion therapy and
FOLFOX6m. Reduction rate: 68%.

Fig.4 Cased

a: Before chemotherapy. Multiple metastatic lesions were observed in
both liver lobes.

b: After 9 courses of combined hepatic arterial infusion therapy and
FOLFOXA4. A marked tumor reduction (56%) was observed and
tumor was resected.

c: After 3 courses of FOLFIRI therapy. A 20% tumor reduction was
noted and rest tumor was resected.

4. FEE R

grade 3 DLE OB EHE BT HIREAE 1 BIE ano L% =
rexia 1 I TH D, grade2 BEEEZ ST D DD nausea BB plio a4 2 BRI BEENRIFTH A LR
LE2flE L-OHP LA O REHERE 26 Th o HEshTnap?

. Ballantyne 5135 H 5 W3 H M
B18) &8 F THREEBHYBROBIE L BXTWE, Ih
S50BBIEITNAEMIKBEEEDSBTHY, I

YBRICL AEEROmM I 1-2% & R<ohTnaY,
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Abstract

Background Risk factors of surgical site infection (SSI)
after hepatectomy under the guideline of Centers for Dis-
ease Control and Prevention (CDC) are not well examined.
Methods Hospital records of consecutive patients who
underwent hepatectomy without biliary reconstruction for
liver cancers were reviewed retrospectively. Prophylactic
antibiotics were given to patients just before skin incision
and every 3 hours during the operations. Clinicopatholog-
ical factors were compared between patients who
developed SSI and those without it.

Results  There were 405 patients identified, and the inci-
dence of SSI was 23 cases (5.8%). In multivariate analysis,
intraoperative bowel injury, blood loss >2000 ml, and age
older than 65 years were significant risk factors of SSI after
hepatectomy.

Conclusions Prophylactic antibiotics were necessary only
during the operation for most patients who underwent
hepatectomy without biliary reconstruction. However,
patients with intraoperative bowel injury, blood loss
>2000 ml, and age older than 65 years are at risk to
develop SSI and might need additional administration of
prophylactic antibiotics after surgery.

Introduction

Use of antibiotics is one of the main techniques to prevent
surgical site infection (SSI) after surgery. There has been
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S. Takahashi - M. Konishi - T. Kinoshita
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@ Springer

tremendous accumulation of evidence during the last three
decades with regard to the optimal methods of its admin-
istration [1]. The Centers for Disease Control and
Prevention (CDC) recommended in its 1999 guideline to
maintain therapeutic levels of prophylactic antibiotic dur-
ing the operation and, at most, a few hours after closure of
incisions [2]. However, it is well known that incidence of
SSI is greatly influenced by patients’ underlying general
status and perioperative factors [3]. Disease and procedure-
specific risks and use of prophylactic antibiotics are not
well examined, except for colorectal surgery {4, 5], open
heart surgery [6], cholecystectomy [7, 8], etc.

It is suggested that hepatectomy suppresses Kupffer cell
and T-cell function significantly, which renders patients
immunosuppressive [9]. Postoperative infection, including
SSI, deteriorates hepatic failure in cases with limited
hepatic functional reserve. There is a wide variety in
operation time, blood loss, transfusion requirement, etc.,
depending on the extent of parenchymal resection.
Underlying cirrhosis and hypoalbuminemia inhibits normal
wound healing [10]. However, perioperative factors that
should be considered a significant risk to develop SSI after
hepatectomy have not been clear. The purpose of this study
was to analyze the risk factors of SSI after hepatectomy
with prophylactic antibiotics under CDC guideline and to
clarify who might benefit from additional administration of
prophylactic antibiotics after operation.

Materials and methods

Patients who underwent hepatectomy for liver cancers
from November 2002 to December 2006 at National
Cancer Center East Hospital, Kashiwa, Japan, were iden-
tified and reviewed retrospectively. Patients who
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underwent hepatectomy without biliary reconstruction
regardless of diagnosis were included in the study. Patients
who underwent cholecystectomy along with hepatectomy
were included in the study, but those who underwent
simultaneous procedures, such as colorectal resection or
stoma closure, were excluded from the study.

The extent of hepatectomy was evaluated according to
the disease progression, liver function, and general condi-
tion of patients [11]. Tumor progression and resectability
was assessed by imaging studies, such as contrast enhanced
computed tomography (CT) scans, magnetic resonance
imaging (MRI), hepatic arterial angiography, ultrasound,
and chest x-ray. Liver function was assessed by liver bio-
chemistry test, Child-Pugh grade [12], and the indocyanine
green retention rate at 15 minutes [13]. All patients were
reviewed before surgery at weekly conferences by hepatic
surgeons, medical oncologists, and interventional radiolo-
gists to discuss whether the planned procedures were
appropriate. Hepatic resection was performed under intra-
operative ultrasonographic guidance by the pean fracture
method with or without inflow occlusion (Pringle’s
maneuver). Anatomic hepatectomy was performed when-
ever possible, whereas partial resection was performed in
consideration of limited liver functional reserve or ana-
tomic location of the tumor. During parenchymal resection,
all blood vessels and bile ducts were ligated whenever
possible with 2-0 or 3-0 braided silk or vessel clip. One or
two closed drains were inserted at the end of operation in
the right subphrenic space or wherever close to the resected
liver parenchyma. Drains were removed when no reblee-
ding or bile leakage was observed on postoperative day
(POD) 3 or 4.

SSI was defined as a condition in which purulent dis-
charge was observed from any incision or space that was
manipulated during an operation within 30 days after the
operation with or without microbiological evidence as in
the guideline issued by CDC [2], and it was identified
retrospectively by reviewing clinical records of patients
who underwent hepatectomy. Remote site infection was
defined as a condition in which fever and leukocytosis were
present with bacteria in sputum, urine, catheter-tip, blood,
or other body fluid/space, or according to the physician’s
judgment regardless of microbiological evidence.

Patients were usually given two doses of cefazolin as
prophylactic antibiotics. One gram of cefazolin was
administered to patients within 30 minutes before skin
incision and another dose 3 hours later. When the operation
lasted more than 3 hours, additional doses were given
every 3 hours thereafter during the operation. No antibi-
otics were given after incisions were closed if patients had
already received two doses of cefazolin.

All data were compiled in a database for analysis
(Microsoft Excel and SPSS 11.0J for Windows).

Differences between numerical variables were tested with
Mann-Whitney U test and those between categorical vari-
ables were tested with y? statistics. Multivariate analysis
was performed with logistic regression test. p < 0.05 was
deemed significant.

Results

During the period of study, 405 patients underwent hepa-
tectomy without biliary reconstruction for primary or
secondary liver cancers at National Cancer Center East
Hospital, Kashiwa, Japan. Of these 405 patients, 23
patients (5.8%) developed SSI (incisional, 20; organ/space,
3). Incisional SSIs were treated by opening incisions and
organ/space SSIs were treated by drainage under ultra-
sound guidance. The patient characteristics and
demographic variables are listed in Table 1. No differences
in these basic characteristics, except age, were observed
between patients with SSI and those without it. Mean age
of patients with SSI was 68.2 years and was statistically
older than those without SSI. A cutoff value of aged
65 years had the highest statistical power (p = 0.016).
Patients’ ASA score, comorbidities, and underlying liver
pathology were statistically similar between the two
groups.

Culture results of infecting organisms included Bacte-
roides faragilis (n = 3), Staphylococcus aureus (n = 2),
Klebsiera oxytoca (n = 1), Serratia marcescens (n = 1),
Escherichia coli (n=1), Streptoccoccus anginosus
{n = 1), Streptococcus constellatus (n = 1), Enterobacter
cloacae (n = 1), Citrobacter braakii (n = 1), Citrobacter
freundii (n = 1), Corynebacterium species (n = 1), and
Candida species (n = 1).

The perioperative variables are listed in Table 2. Oper-
ation time, red blood cell (RBC) transfusion requirement,
RBC transfusion volume, and intraoperative bowel injury
were statistically different between the two groups. Blood
loss did not reach statistical significance, but cutoff value
of 2000 ml had the significant power to predict SSI
(p = 0.003). Multivariate analysis of those variables found
that intraoperative bowel injury, blood loss >2000 ml, and
age older than 65 years were the significant risk factors to
develop SSI after hepatectomy without biliary reconstruc-
tion (Table 3). Rates of SSI increased dramatically with the
number of risk factors present (Fig. 1). Patients with two or
more risk factors were statistically more likely to develop
SSI than those with none or only one risk factor.

During the same period, three patients died within
30 days from the operations. One patient died from pul-
monary embolism on POD 3, another died from brain
stroke on POD 3, and the other died from esophageal varix
rupture on POD 9. Incidence of remote site infection was
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Table 1 Patient characteristics

and demographic variables for SST(-) (N = 382) SSI(H) (N = 23)‘ P value
patients‘with S.SI compared with Age (yr)* 63.7 £ 0.5 68.2 + 2 0.034
those without it b
>65 194 (50.9) 18 (78.3) 0.016
<65 188 (49.1) 5217
Gender® 0.809
Male 285 (74.6) 18 (78.3)
Female 97 (25.4) 521D
Body mass index (kg/m®)® 23.8+ 0.6 23.6 £ 0.7 0.583
Diabetes mellitus” 75 (19.6) 1 (4.5) 0.095
ASA score” 0.488
1 111 (29.5) 7 (30.4)
2 243 (64.6) 16 (69.6)
3 22 (5.9)
Diagnosis® 0.566
HCC 239 (62.6) 13 (56.5)
Metastases 126 (33) 8 (34.8)
Others 16 (4.5) 2 (8.7
Viral hepatitis serology® 0.858
? Mann-Whitney U test HBV 51(14) 3(13)
Py test HCV 141 (38.7) 8 (34.8)
Data are numbers with HBV and HCV 7(1.9)
percentages in parentheses or Liver parenchyma” 0.758
means & standard error of the Chronic hepatitis 105 (29.6) 9 (39.1)
A’“;:"A o socicty of Liver cirrhosis 93 (26.2) 51.7)
anesthe‘m’gg’y" el Child class” 0.634
hepatocellular carcinoma, HBV A 355 (%94.4) 21 (91.3)
hepatitis B virus, HCV hepatitis B’ 21 (5.6) 2 (8.7)
C virus, ICGISR indocyanin ICGI5R® 14.6 £ 0.4 15.5 + 1.6 0.571

green 15 min retention rate

11 (2.5%) (pneumonia (n = 6), urinary tract infection
(n = 1), catheter infection (n = 1), epididymitis (n = 1),
unknown origin (n = 2)). Other morbidities included bile
leak (n = 9), retractable ascites (n = 6), ileus (n = 4),
transient renal insufficiency (n = 4), rebleeding (n = 3),
pleural effusion (n = 3), skin rash (n = 2), poor oral intake
(n = 2), delirium (n = 1), transient heart failure (n = 1),
pulmonary embolism (n = 1), upper gastrointestinal
bleeding (n = 1), wound dehiscence (n = 1). There were
four reoperations for three rebleedings and one wound
dehiscence.

Discussion

Our study clearly demonstrated the risk factors of SSI after
hepatectomy with prophylactic antibiotics under the CDC
guideline. Intraoperative bowel injury, blood loss

>2000 ml, and age older than 65 years were the significant
risk factors. Although both alimentary tract surgery and
hepatobiliary surgery are classified as clean-contaminated

@ Springer

[14], biliary tract without calculus is normally sterile
contrary to the alimentary tract, which has high bacterial
densities [15, 16]. Intraoperative bowel injury is suspected
to contaminate surgical field of hepatectomy without bili-
ary reconstruction and to increase the risk of SSI. Blood
loss reduces the concentration of antibiotics and is found to
be a risk factor of SSI [17, 18]; 1500 ml to 2000 ml of
blood loss is the suggested threshold to administer addi-
tional doses of cefazolin to maintain a concentration higher
than the minimum inhibitory concentration for the common
infecting organisms {19, 20]. Our threshold of 2000 ml of
blood loss is compatible with previous findings. Elderly
patients also are reported to be susceptible to SSI {18, 21].
Because aging involves complex physiologic changes, it is
difficult to clarify a definitive mechanism of the vulnera-
bility of elderly patients. Reduction in immune function is
one suggested mechanism [10].

Rates of SSI increased dramatically with the number of
the three risk factors present (Fig. 1). According to the
National Nosocomical Infections Surveillance (NNIS)
report, rates of SSI after hepatopancreaticobiliary complex
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Table 2 Perioperative
variables for patients with SSI
compared with those without it

¢ Mann-Whitney U test

> 52 test

Data are numbers with
percentages in parentheses or
means + standard error of the
mean

RBC red blood cell, NNIS
national nosocomical infection

SSI(+) (N = 23)

surveillance

Table 3 Multivariate analysis of SSI risk factors

SST () (N = 382) P value

Operation time (min)® 210 £ 19 269 + 23 0.021
>300" 68 (17.8) 9 (39.1) 0.017
<300 313 (82.2) 14 (60.9)

Pringle time (min)® 633 £ 2.1 759 £ 9.7 0.259
None” 26 (1.3) 0 (0) 0.23
>0 331 (92.7) 20 (100)

Repeat resection” 110 (28.8) 4(174) 0.338

Blood loss (ml)* 1070 £ 69 1928 £ 470 0.068
>2000° 50 (13.2) 9 (39.1) 0.003
<2000 332 (86.8) 14 (60.9)

RBC transfusion (ml)* 177 £ 29 537 £ 192 0.003
None? 297 (78.2) 12 (52.2) 0.009
>0 83 (21.8) 11 (47.8)

Intraoperative bowel injury® 3(0.8) 4(174) <0.00!1

Bile leak” 7 (1.8) 2(22.2) 0.087

Resected segments (Couinaud)” 0.96
<2 285 (74.8) 16 (69.6)

2-3 42 (11) 3(13)
>4 54 (14.2) 4(17.4)

Resected weight (g)* 221 £ 19 269 £+ 77 0.281

Largest tumor size (cm)? 38+ 02 3.7+£04 0.253

NNIS index” 0.184
0 293 (76.9) 14 (60.9)

I 86 (22.6) 9(39.1)
2 2 (0.5)
Postoperative length of stay® 102 £ 0.2 23.7 £ 5.7 <0.00!
p=0.36
P value  Odds ratio 100%
100 r

(95% confidence intervals)

Age >65 yr 0.027 3.4 (1.15-10.05)
Blood loss >2000 ml 0.004 44 (1.63-1191)
Intraoperative bowel injury <0.00/  20.08 (4-100.8)

RBC transfusion 0.62 1.51 (0.31-7.42)
Operation time >300 min 0.67 1.35 (0.34-5.32)

SSI risk factors identified by univariate analysis were compared by
multivariate analysis (logistic regression test)

surgery range from 3.24-7.04% [22]. Other reported rates
of SSI after hepatectomy range from 4.6-25.2% [23, 24].
Compared with those previously reported rates, the rates of
SSI for patients with none or only one risk factor, 1.9% and
4.3% respectively, are considered allowable. Prophylactic
antibiotics for hepatectomy without biliary reconstruction
are necessary only during operations for patients with none
or only one risk factor. However, patients with two or more
risk factors developed SSI at statistically higher rates.
Fujita et al. [4] reported that two additional doses of

Rates of SS! (%)
3

3/ 161) 9/ 211 (11/32) (/1

The number of risk factors present
(incidence of SSI)

Fig. 1 Rates of SSI increased with the number of risk factors present.
Rates of SSI were not statistically different between patients with one
risk factor and those without any factors. However, patients with two
or more risk factors developed SSI at a significantly higher rate than
those with none or only one risk factor

postoperative antibiotics reduced the incidence of inci-
sional SSI from 14.2% to 4.3% compared with single-dose
preoperative administration in elective colorectal surgery
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[4]. Additional administration of postoperative antibiotics
maintains therapeutic levels for longer hours and reduces
the incidence of SSI more effectively for patients at higher
risk. Although there have been no published data con-
cerning the effectiveness of postoperative administration of
antibiotics in hepatectomy, Fig. 1 illustrates that patients
with two or more risk factors may receive some additional
doses of postoperative antibiotics as in colorectal surgery.
Appropriate doses of additional antibiotics are matters to
be discussed.

There were five infecting organisms that were resistant
to cefazolin: Bacteroides fragilis, Enterobacter, cloacae,
Serratia marcescens, Corynebacterium species, and Citro-
bacter species. Because some patients lack microbiologic
data, a definitive conclusion about the optimum choice of
prophylactic antibiotics was not possible. However, it is
evident that cefazolin alone was effective for most patients
who underwent hepatectomy without biliary reconstruc-
tion. Two of the seven patients with intraoperative bowel
injury developed SSI with Bacteroides fragilis. Because
likely pathogens in alimentary tract surgery are gram-
negative bacilli and anaerobes (2], postoperative antibiotics
with anaerobic coverage might be more effective for
patients with intraoperative bowel injury.

Postoperative infections, especially organ/space SSI,
sometimes deteriorate hepatic function and may cause
mortalities. We experienced 23 SSIs and 11 remote site
infections, but none of the patients died from those infec-
tions. We speculate that our strict evaluation of extent of
hepatectomy using CT volumetry and liver function test
precluded some excessive hepatic resection and saved
postoperative hepatic function. Postoperative infection is
more likely to occur in patients with hepatic dysfunction
[25]. Our relatively low rate of major hepatectomy in
consideration of hepatic functional reserve might be related
to the fewer incidence of SSI.

RBC transfusion requirement and operation time were
significant risk factors of SSI in univariate analysis, but
not in multivariate analysis. Transfusion has immunosup-
pressive effects on postoperative patients via reductions in
natural killer cell number and cytotoxic T-cell function
[26, 27] and is reported to be a risk factor of SSI in
colorectal surgery [28, 29]. However, controversy exists
concerning the causal relationship between transfusion and
SSI [30], and a recent meta-analysis denies the association
between transfusion and postoperative infection [31]. Our
result is consistent with the meta-analysis. Operation time
is another reported risk factor of SSI [18]. Cefazolin
exhibits time-dependent decrease in serum and tissue
concentration, and additional administrations are recom-
mended every 3 or 4 hours during operation to maintain
therapeutic levels of cefazolin [2]. Because all of our
patients received a second dose of cefazolin at 3 hours
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from incision, serum and tissue concentration of cefazolin
was expected to exceed therapeutic levels during the
whole time of operations for most patients. Influence of
operation time on the incidence of SSI was suspected to be
minimized with additional dose of cefazolin at 3 hours
from incision.

Abdominal drainage after elective hepatectomy is con-
troversial. Some randomized, controlled trials (RCTs)
reported increased incidence of SSI and other morbidities
associated with abdominal drainage and denied the routine
placement of drainage catheters [32, 33]. However, the
routine drainage group in those RCTs had drainage cath-
eters placed for at least 5 to 9 days, which was
unnecessarily long. We almost routinely placed drainage
catheters but removed them on POD 3/4 or earlier if
postoperative bleeding and bile leakage were denied. Early
removal of prophylactic drains prevents intra-abdominal
infections [34]. We do not consider that abdominal drain-
age causes more infections if drains are removed on POD
3/4 or earlier.

Our study has several limitations. First, SSI was detec-
ted indirectly by retrospectively reviewing patient records
and laboratory data. It has been suggested to be a less
accurate method than prospective direct observation of
surgical sites [2]. Some SSI might be possibly undetected
because of inappropriate patient records. However, indirect
case-finding by reviewing daily records and laboratory data
is the most widespread method of surveillance in the
medical literature. Its reported sensitivity is as high as
83.8-92.3% compared with prospective direct finding of
SSI [35]. Since then, we do not consider that our surveil-
lance method precludes the importance of our findings.
Second, it is a single-center study. Qur department is one of
the highest volume centers in Japan and performs 250
hepatopancreaticobiliary cancer surgeries in a year. Also,
we do not perform operations on patients with end-stage
renal disease on dialysis due to inadequacies of dialysis
facilities. Our relatively low rate of SSI incidence may be
attributable to the high volume of cases and to the patient
selection.

Conclusions

Our study demonstrated that prophylactic antibiotics were
necessary only during operations and, at most, a few hours
after closure of incisions in most of the patients who
underwent hepatectomy without biliary reconstruction.
However, patients with intraoperative bowel injury, blood
loss >2000 ml, and age older than 65 years were at risk for
developing SSI. Patients with two or more risk factors may
receive additional doses of postoperative antibiotics to
prevent SSI more effectively.
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Abstract

Background A major challenge in laparoscopic liver
resection to avoid massive hemorrhage from the transec-
tion plane.

Methods This study investigated 32 consecutive patients
who underwent laparoscopic or laparoscopically assisted
hepatic resection and had the hepatoduodenal ligament
encircled by vessel tape using an Endo Retract Maxi as a
tourniquet for complete interruption of blood inflow to the
liver.

Results Laparoscopic encircling of the hepatoduodenal
ligament was performed in a few minutes without any
complications for any of the 32 patients.

Conclusions Laparoscopic Pringle’s maneuver using an
Endo Retract Maxi can be performed easily for all patients
undergoing laparoscopic liver resection.

Keywords Hepatectomy - Laparoscopy -
Pringle’s maneuver

Minimally invasive surgery has become widely accepted as
a superior alternative to conventional open surgery in many
gastrointestinal fields. Moreover, recent rapid develop-
ments in technological innovations, improved surgical
techniques, and accumulation of extensive experience by
surgeons have improved the feasibility and safety of lap-
aroscopic liver surgery [1-4]. However, laparoscopy for

A. Cho (BR) - H. Yamamoto - M. Nagata - N. Takiguchi -

H. Shimada - O. Kainuma - H. Souda - H. Gunji -

A. Miyazaki - A. Ikeda - L. Matsumoto :

Division of Gastroenterological Surgery, Chiba Cancer Center
Hospital, 666-2 Nitonachou, Chuouku, Chiba 260-8717, Japan
e-mail: acho@chiba-cc.jp

@ Springer

liver resection remains a highly specialized field because
laparoscopic liver surgery presents severe technical diffi-
culties, such as control of hemorrhage from the transection
plane. v

Laparoscopy for major liver resection remains uncom-
mon, partly because of the potential for massive
hemorrhage. In particular, hepatocellular carcinoma usu-
ally occurs from a cirrhotic liver, which often causes
bleeding problems. In addition, massive intraoperative
blood Icss is a good predictor of postoperative morbidity
and mortality for patients who undergo liver resection for
hepatic malignancies [5, 6]. Intraoperative inflow occlusion
of the liver has thus been recommended to reduce blood
loss during liver resection [7, 8].

Although various techniques of hepatic vascular control
have been presented, Pringle’s maneuver, the oldest and
simplest, still is favored by many surgeons. However,
laparoscopic encircling of the hepatoduodenal ligament can
prove difficult because the field of view is narrow and the
surgeon’s blind spot may lead to unexpected bleeding or
injury under laparoscopy. )

In this report we describe a new technique whereby any
surgeon with minimal or no laparoscopic experience can
easily and safely perform Pringle’s maneuver during lap-
aroscopic liver resection.

Surgical procedure

The patient is placed in supine position with legs apart. The
surgeon stands between the legs. A 12-mm trocar is placed
1 cm below the umbilicus, through which carbon dioxide
gas is delivered. Pnenmoperitoneum is controlled elec-
tronically to a pressure of 10 mmHg. Additional working
ports are placed to optimize manipulation and mobilization
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