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Virtual 3D model, real 3D model (2 & % JHEE T4y
YIalb—arEoticFEsr =Y a yORA

AUl AVED e D WO BED - kW R R kY
Wl R - RAMNERD - K B0 R EEY - =m RAY
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Key words : rapid prototyping, simulation, navigation, virtual reality
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PEk, WG 2 RTiEAS TR TH o7z L %o CT ®° MRI % & T L N AT HI{E 7 — & % A
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FHGTWA, R ¥ 7 ORNBIL, BFEZHIRER S
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Real 3D model (2, EBHAKESILT1 ATV A K
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TECHNICAL REPORT

Clinical Usefulness of Endo Intestinal Clips During Pringle’s
Maneuver in Laparoscopic Liver Resection:
A Technical Report
Koji Komeda, MD, PhD, Michihiro Hayashi, MD, PhD, Yoshihiro Inoue, MD, PhD,

Tetsunosuke Shimizu, MD, PhD, Mitsuhiro Asakuma, MD, PhD, Fumitoshi Hirokawa, MD, PhD,
Yoshiharu Miyamoto, MD, PhD, and Kazuhisa Uchiyama, MD, PhD

Background: Control of bleeding is important in parenchymal
transection during laparoscopic liver resection. We suggest a new
technique using Endo intestinal clips for the intestinal tract to
achieve easy, safe hepatoduodenal ligament clamping during lap-
aroscopic liver resection.

Methods: In this study, 10 consecutive patients underwent pure
laparoscopic liver resection. Pringle’s maneuver was performed
using Endo intestinal clips directly on the hepatoduedenal
ligament.

Results: Laparoscopic Pringle’s maneuver using Endo intestinal
clips is very easy and safe. In this series, Pringle’s maneuver was
used a mean of 3.4 times (range, 1 to 5) in each case. Mean oper-
ative time was 271.0 minutes (range, 105 to 415min) and mean
volume of intraoperative blood loss was 119.5mL (range, 10 to
320ml). No intraoperative or postoperative morbidity or mor-
tality was encountered.

Conclusions: Pringle’s maneuver using Endo intestinal clips can be
performed easily and safely during laparoscopic liver resection.

Key Words: laparoscopic liver resection, Pringle’s maneuver,
parenchymal transection .

(Surg Laparosc Endosc Percutan Tech 2013;23:¢103-e105)

Laparoscopic hepatectomy is a complex procedure
requiring expertise in both laparoscopic techniques and
liver surgery. However, reports of laparoscopic liver resec-
tions are increasing. Vigano et al' reported that good can-
didates for laparoscopic liver resection are those patients
with peripheral lesions requiring limited hepatectomy or
left lateral sectionectomy. Many factors have contributed to
the development of minimally invasive surgery, such as
advances in laparoscopic skills, better understanding of
liver anatomy, and development of sophisticated instru-
ments for transecting the liver. However, the most feared
complication and the main reason for conversion from
laparoscopic liver resection to open surgery is hemorrhage
during parenchymal transection. We sometimes experience
substantial reductions in visibility even with only slight
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bleeding, or have trouble arresting hemorrhage compared
with the situation in laparotomy. We therefore decided to
actively introduce Pringle’s maneuver in the early stages of
laparoscopic liver resection. A laparoscopic Pringle’s
maneuver is performed using vessel tape to encircle the
hepatoduodenal ligament. A Nelaton catheter (Terumo,
Tokyo, Japan) through which both ends of the vessel tape
are passed, is inserted and pushed through trocar and using
forceps to tighten the hepatoduodenal ligament down
around the pedicle, as performed during laparotomy.? The
problems associated with Pringle’s maneuver using a tour-
niquet are that when 1 port is occupied, the forceps and the
catheter can interfere with each other and gripping force
may vary because the catheter is slightly too long for
Pringle’s maneuver when used in a laparoscopic setting.

Herein, we present a simple, effective method for
performing Pringle’s maneuver using Endo intestinal clips
for the intestinal tract.

PATIENTS AND METHODS
In 1998, we started pure laparoscopic liver resection
in the Department of General and Gastroenterological
Surgery at Osaka Medical College Hospital, Osaka, Japan.

FIGURE 1. A and B, The length of an Endo intestinal clip is
70mm, and the gripping force is 400g. Clip application and
removal can be achieved easily and safely.

www.surgical-laparoscopy.com | €103
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TABLE 1. Characteristics of the 10 Consecutive Patients Who Underwent Laparoscopic Liver Resection

Blood Operative Maximum Pringle’s Total Weight of

Age Loss Time Tumor Size Tumor Manenver  Ischemic Resected  Hospital

Case (y) Sex Disease Tumors (mL) (min) (cm) Site (Times) Time (min) = Tissue (g)  Stay (d)
1 1 M LM 1 10 285 4.8 S8 3 45 60 5
2 72 F HCC 1 250 415 2.5 S7 4 60 330 19
3 66 M LM 2 250 220 29 S8, S6 3 45 100 6
4 86 M HCC 1 50 215 3.0 S5 3 45 100 10
5 62 F LM 1 50 370 3.7 S4 4 60 170 11
6 60 M HCC 1 320 390 3.0 S5 5 75 530 8
7 79 M HCC 1 65 185 3.0 S5 4 60 85 15
8 72 F 1M 2 130 300 2.0 S4, 87 5 69 50 9
9 29 F LM 2 60 225 3.0 S6, S7 2 30 50 6
10 60 F LM 1 10 105 1.4 S7 1 15 10 5
Mean 657 —  — — 119.5 271 3.4 — 3.4 50.4 148.5 9.4

F indicales female; HCC, hepatocellular carcinoma; LM, liver metastasis; M, male.

A total of 50 patients have since undergone pure laparo-
scopic liver resection. From July 2011 to February 2012, 10
consecutive patients (mean age, 65.7y; SD, 15.4y; range, 29
to 86y; 5 men, 5 women) were scheduled to undergo lap-
aroscopic liver resection due to liver hepatocellular carci-
noma or metastatic tumors with use of Endo intestinal clips
(PL541S; Aesculap AG, Tuttlingen, Germany) (Figs. 1A, B).
All patients were informed of the study design in accord-
ance with the guidelines of the Ethical Committee on
Clinical Investigation at Osaka Medical College Hospital
and consented in writing to participate in this study.
Patients were placed supine in the French position and
access was achieved by transumbilical open laparoscopy.
For resections of liver segments 6, 7, or 8, a moderate left
semilateral decubitus position was obtained by raising
the right hemithorax with a small sand bag. Pneumo-
peritoneum was maintained at 10mm Hg, and 3 to 4
additional 12 mm trocars were added in good triangulation
depending on tumor position and type of resection. A
flexible laparoscope (LTF TYPE VP; Olympus, Tokyo,
Japan) was routinely used.

An Endo intestinal clip (PL541S; Aesculap AG)
(Figs. 1A, B) was added along the tape for use in Pringle’s
maneuver to attach directly to the hepatoduodenal liga-
ment. Intermittent clamping was applied with 15 minutes
clamping and 5 minutes release periods. The Endo intesti-
nal clip is 70 mm long, with a gripping force of 400 g.

RESULTS

In all 10 patients, a laparoscopic Pringle’s maneuver
using an Endo intestinal clip was easily and safely

performed without any complications, even by surgeons
with minimal laparoscopic experience (Table 1; Figs. 2A, B).
In each patient, Pringle’s maneuver was applied a mean of
3.4 times (range, 1 to 5), with a mean operative time of
271.0 minutes (range, 105 to 415min), a mean weight
of resected tissue of 148.5 g (range, 10 to 530 g), and a mean
volume of intraoperative blood loss with Pringle’s maneu-
ver of 119.5mL (range, 10 to 320mL). Mean duration of
hospitalization was 8 days (range, 6 to 11d).

DISCUSSION

Pringle’s maneuver has been widely used to reduce
intraoperative blood loss, because this technique is easily
performed in conventional open surgery. Many prospective
clinical studies have confirmed the utility of the maneuver.
The intermittent Pringle’s maneuver involves periods of
inflow clamping that last 15 to 20 minutes, followed by
periods of unclamping for 5 minutes.> Laparoscopic liver
resection is a challenging procedure, even for experts.
However, many factors have contributed to the develop-
ment of minimally invasive liver surgery, such as advances
in laparoscopic skills, better understanding of liver anat-
omy, and improvements in equipment. Some authors have
reported that laparoscopic liver resection has been shown to
improve intraoperative and immediately postoperative
outcomes.* Blood loss has appeared significantly greater in
open groups than in laparoscopic groups and Pringle’s
maneuver is required less often in laparoscopic groups.*3
Morino et al’ speculated that the hematostatic effects of
pneumoperitoneum and the use of an ultrasonic scalpel
were responsible for the reduced rate of Pringle’s

FIGURE 2. A and B, Pringle’s maneuver using the Endo intestinal clip with application directly to the hepatoduodenal ligament.

€104 | www.surgical-laparoscopy.com
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Useful Equipment for Pringle’s Maneuver

maneuvers in the laparoscopic group. Vigano et al®
reported that pedicle clamping significantly decreased along
their series. In laparoscopic liver surgery, the need to per-
form Pringle’s maneuver seems to be decreasing with
progress in instruments and technology, because pneumo-
peritoneum generates some degree of counter pressure,
which may reduce bleeding.” However, our experience has
been that even with a little bleeding, arrest of hemorrhage
takes time.

During laparoscopic liver surgery, the hepatoduodenal
ligament is isolated and a vessel tape passed around it, then
both ends are passed into a catheter to enable the per-
formance of Pringle’s maneuver.>® Problems associated
with the alternative technique of using a tourniquet are that
when 1 port is occupied, the forceps and catheter can
interfere with each other and gripping force can vary
because the catheter is slightly too long for Pringle’s
maneuver in the setting of laparoscopic hepatectomy.

The benefits of using an Endo intestinal clip are that 1
port does not need to be occupied, and gripping force can
be maintained at a steady level without any conflict with
forceps. Application and removal of the clip with
15 minutes on and 5 minutes off is very easy and safe. No
complications were encountered during the procedures in
our series.

€ 2013 Lippincott Williams & Wilkins

In conclusion, Pringle’s maneuver using Endo intesti-
nal clips seems useful and safe for laparoscopic liver sur-
geons as an additional technique to control blood flow.
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Evaluation of postoperative antibiotic prophylaxis after
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BACKGROUND: Antibiotic prophylaxis is frequently administered after liver resection to prevent
postoperative infections. However, very few studies have examined the unsefulness of antibiotic prophy-
laxis after liver resection. A randomized controlled trial was conducted to evaluate the postoperative
antibiotic prophylaxis in patients after liver resection.

METHODS: A total of 241 patients scheduled to undergo liver resection were randomly assigned to

the non-postoperative aniibiotic group (n = 95) or the antibiotic group (n = 93). The antibiotic group
was given flomoxef sodium every 12 hours for 3 days afier the operation. The end point was signs of
infection, surgical site infection, or infectious complications.

RESLILTS: Thefe were no significant differences between the 2 groups in signs of infection (21.3%

vs 25.5%.,

P = 406), infectious complications (7.5% vs 17.0%. F
. and remote site infection (2.1% vs 8.3%, P = .100).

13.8%, P = .657)

.606), the incidence of systemic inflammatory response syndrome (11.7% vs 17.0%,

= .(73). surgical site infection (10.6% vs

CONCLUSIONS: Postoperative antibiotic prophylaxis cannot prevent postoperative infections after
tiver resection, and it is thought that antibiotic prophylaxis is unnecessary and costly.
© 2013 Elsevier Inc. All rights reserved.

In the past few years, surgical techniques and perioper-
ative management for liver resection have improved. and
mor Lai:‘w rates have decreased to 0% 1o 4% at high-volume
centers. ™ However, one must be concerned about postop-
erative infections because they occasionally couse severe
complications.” Postoperative antibiotic prophylaxis is con-
ventionally believed to be effective in preventing postoper-
ative complications, but its inappropriate use has resulted in
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the appearance of resistant strains, and its method of use is
now being reconsiderad.

Postoperative antibiotic prophylaxis is unpecessary in
clean surgery unless a prosthesis is used or the patient has a
preoperative infection. On the other hand. postoperative
antibiotic prophylaxis has been reported as useful afier
gastroenterologic surgery that is classified as clean-
contaminated surgew.i‘" Liver resection is classified as
clean-contaminated surgery at the time of dissecting the
bile duct, but it seems unlikely that cholecystectomy and
liver resection, which are accompanied by little noninfec-
tious bile leakage, except for hepatolithiasis with infectious
bile juice, involve the same contamination as gastroenterc-
logic surgery with reconstruction of the digestive tract. In
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Postoperative antibiotics after liver resection g

fact, several studies have found that postoperative antibiotic
prophylaxis is unnecessary for laparoscopic cholecystec-
t@my.7‘8 However, very few randomized controlled trials
(RCTs) on the optimal duration of postoperative antibiotic
prophylaxis after liver resection have been reported.” 19 1n
this study, an RCT was performed to evaluate the necessity
of postoperative antibiotic prophylaxis after liver resection
without reconstruction of the inmtestine or biliary tract.

Methods

Inclusion and exclusion criteria

All patients scheduled to undergo liver resection at
Osaka Medical College Hospital were enrolled in this trial
from April 2008 to June 2011. The inclusion criteria were
age 18 to 90 years and adequate organ functional reserve of
important organ systems (heart, lungs, kidneys, and liver
[Child-Pugh class A or Bl). Exclusion criteria were (1)
severe comorbidities, such as preoperative infection,
hemodialysis, myocardial infarction, or respiratory disor-
ders requiring oxygen inhalation; (2} concomitant opera-
tions on other organs, including biliary or digestive tract
anastomosis; (3) proven mental illness; and (4) absence of
informed consent. An English-language suminary was
posted at hitp://www.umin.ac.jp/ctr/index.htm at the Clini-
cal Trials Registry managed by the University Hospital
Medical Information Network in Japan (registration ID
UMINOG0002187).

Definitions of infections

Infectious complications were defined as combined
surgical site infection (S81) and remote site infection. 551
was defined as a condition in which purulent discharge was
observed from any incision or space that was manipulated
during operation <30 days after surgery with or without
microbiologic evidence, per the guidelines issued by the
Centers for Disease Control and Prevention.'’ Remote site
infection was defined as a condition in which fever and leu-
kocytosis were present with bacteria in sputum, urine, cath-
eter tip, blood, or bile juice or according to the physician’s
jucdlgment regardless of microbiologic evidence.

Signs of infection were defined as postoperative status
with =1 of the following inflammatory findings after
postoperative day (POD) 4: (1) body temperature >38°C;
(2) white blood cell count >12,000/mm’; and (3) addi-
tional increase (>20% increase from the previous value)
in white blood cell count and/or C-reactive protein.

Randomization and determination of sample
size

In owr department, antibiotics were routinely adminis-
tered for prophylaxis for 3 days after liver resection. and a
retrospective analysis of 2 recent years (2006 and 2007)

revealed that signs of infections were present in 20% of
patients, and the following risk factors were identified:
(1) American Society of Anesthesiologists (ASA) classifi-
cation >2; (2) intraoperative blood transfusion: and (3)
operalive time =6 hours.

Patients were randomly assigned to the non—postopera-
tive antibiotic group (group I) or the antibiotic group (group
1D after liver resection using minimization methods and
software. Randomization was done by a single investigator
who was not involved in the treatment. Patients were
stratified inmmnediately after surgery according to 3 factors:
ASA classification (1 or 22). intraoperative blood trans-
fusion (yes or no), and operative time (<6 or >0 hours),
using minimization methods. All patients provided in-
formed consent before enrvoliment. The protocol was
approved by the ethics committee of Osaka Medical
College Hospital. As mentioned above, signs of infection
occur at a rate of 20% after liver resection in our depart-
ment. This study was a noninferiority study o demonstrate
equivalence between the 2 groups with or without 3-day
postoperative prophylactic antibiotic use. When the inci-
dence was predicted to be 10% in consideration of a
decrease in the incidence of signs of infection because of
various countermeasures in place during the study, the
number of cases required to analyze noninferiority was 94
per group, as calculated by a statistician, with o error,
statistical power, and tolerance difference set at 10%, 80%,
and 10%, respectively. The significance of differences was
analyzed for every 20 patisnis to decide on discontinuation
of the study from an ethical viewpoint if the incidence of
wmfections was significantly higher in | of the 2 groups.

Protocol for antibiotic administration

On the operation day, flomoxef sodium (FMOX) 1.0 g
was given 30 minutes before the operation and 1.0 g every
3 hours during the operation. Group Il was given inirave-
nous FMOX 1.0 g every 12 hours for 3 days after the
operation, whereas group [ was not given FMOX after
Surgery.

End points

The primary end point of this study was signs of
infection. Secondary end points were infectious complica-
tions, including 58Is and remote infections, and posioper-
ative hospital stay.

Surgical procedure and postoperative
management

Liver resection was performed according to standard
techniques. An ultrasonic dissector {SonoSurg; Olympus,
Inc, Tokyo, Japan) was used for parenchymal transection,
and small vessels were coagulated using the VIO soft-
coagulation system (VIC 300D; BERBE Elekiromedizin,
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Tiibingen. Germany).'” Vascular channels were ligated us-
ing a synthetic absorption string or clips. Liver inflow was
occluded before liver resection in major hepatectomy, but
the methods of occlusion varied (Pringle maneuver, selec-
tive hemihepatic vascular occlusion, or none) in minor hep-
atectomy. Biologic glue was applied to the cut liver surface
as needed, and a bile leakage test (injection of 7 to 10 mL
of indigo carmine into the bile duct through a cystic duct
cannula) was done whenever possible. When bile leakage
was detected, it was repaired mainly by Z-suture using
5-0 or 6-0 PDS*1 sutures (Johmson & Johnson Medical,
Tokyo, Japan). The abdominal cavity was irrigated with
4 L of warm saline. A drain was not inserted. Nonabsorb-
able suture materials were not used.

Regarding anesthetic management during liver resec-
tion, central venous pressure was generally maintained at
<8 em H>0O. Blood transfusion was carried out by the an-
esthesiologist when surgical bleeding was >1.000 mL and
the hemoglobin level decreased to <<8.0 g/dL.

Major hepatectomy was defined as resection greater than
or equal to hemihepatectomy according to Couinand’s
definition. Minor hepatectomy was defined as resection
fess than hemihepatectomy. Surgical time was defined as
starting from skin incision to the end of wound closure.

Patienis were allowed to drink and take food orally on
POD L. Diuretics were administered for ascitic fluid
retention or leakage. The management of central lines
and urinary catheters were the same in both groups (eg, the
urinary cathefer was routinely removed on POD 1 or 2, and
the ceniral line was also usually removed on POD 3 or 4).
Hematology and biochemical tests were performed imme-
diately after the operation and 1, 2, 4, 7, and 14 days after

the operation, with additional tests performed as needed.
When patients showed signs of infection after POD 4, the
central venous catheter was first removed, and then imaging
examinations, plain chest radiography, abdominal ultraso-
nography, and abdominal computed tomography were
performed while additional antibiotic was administered.
When fluid collections on the cut surface or ascites were
suspected to be infected, the fluid coliections were removed
by percutaneous drainage. Even in patients with body mass
indexes >25 kg/m®, postoperative management followed
the same methods.

Statistical analysis

Continuous variables were compared using Student’s ¢
tests or Mann—-Whitney U tests. and categorical variables
were compared using chi-square tests or Fisher’s exact tests
as appropriate. Multiple comparisons were made using
repeated-measures analysis of variance. Statistical signifi-
cance was defined as P < .05. The significance of differ-
ences was analyzed every 20 cases (o decide on
discontinuation of the study from an ethical viewpoint if
the incidence of infections was significantly higher in
T of the 2 groups. All analyses were performed using
IMP version 7.0.2 (SAS Institute Inc, Cary, NC) under
Mac OS X {Apple Computer, Cupertino, CA).

Resulis

Between April 2008 and June 2011 at Osaka Medical
College Hospital, 241 patients were scheduled to

§ 241 Patients scheduled for liver resection

51 Excluded:

Preoperative infection (a =7)

Preoperative complications {n = 8)

Concomitant hepatico-enteric anastomosis {n = 34)
Refused 1o participate (n=2)

f’w};kﬂ)"}ia;)damsze_cﬂ
/// \\w
f h \ ”””””””
Group1 // S [Growpn
{
i 935 Not received postoperative antimicrobial ’ 95 Received postoperative antimicrobial ,
1 Patient excluded due to 1 Patient excluded duc to
gastrointestinal blecding intestinal injury
94 Patients } Q4Patients

Figure 1 Two hundred forty-one patients were scheduled to undergo liver resection. Before randomization, 51 patients were excluded
because of preoperative infections, preoperative complications, concomitant hepaticoenteric anastomosis, and refusal fo participate in
the study. The remaining 190 patients were randomly assigned to either the non-postoperative antibiotic group (group I; n = 95} or the
aniibiotic group (group 1l n = 95). Two patients (1 in each group) were excluded after randomization, leaving 94 patients in each group.
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Table 1 Patient characteristics
Group I Group I1
Variable (n = 94) {n = 94) P
Men/women 64/30 60/34 644
Age (y) 68 (35-82) 68 (22-88) .952
ASA class (1/>2) 45/49 4648 1.000
Virus infection (yes/no) 42/44 29/58 071
HCY 25 24
HBs Ag positive 17 5
Primary hepatectomy (yes/no) 85/9 77717 138
Diagnosis
Hepatocellular carcinoma 44 44
Cholangiocellular carcinoma 3 4
Colorectal metastasis 42 37
Living-donor liver transplantation 1 4
Others 4 5
Preoperative data
Child-Pugh class (A/B) 87/7 89/5 767
Diabetes mellitus (yes/no) 22/72 14/80 194
Body mass index (kg/m%) 22.4 (16-32) 21.7 {17-32) 146
Total bilirubin (mg/dL) 0.7 {0.2-2.2) 0.6 (0.2-2.0) T46
Albumin {(g/dL) 4.2 (2.7-4.8) 4.1 {2.9-4.9) Ba0
Prothrombin time (%) 100 (72-134) 98 (68-126) 537
Aspartate aminotransferase (TU/L) 28 (13-191) 29 {13-174) 845
Alanine aminotransferase (IU/L) 22 (6~192) 24 (9-209) 436
Platelet (X 10%/ul) 19.9 (6.8-46) 19.8 {3.7-51.1) 1.000
ICG R15 {%) 10.5 (2.2-34.1) 14.2 (2.3-28.5) 096
HA (ng/mL) 88 (9-415) 116 (19-706) 137
Preoperative TACE (yes/no) 22/72 16/78 364
Preoperative surveillance culture of MRSA {positive/negative} 6/8% 5/88 1.000
Pathologic cirrhosis (yes/no) 20/74 15/79 454

Data are expressed as median (range) or as numbers.

ASA = American Society of Anesthesiclogists; HA = hyaluronic acid; HBs Ag = hepatitis B swface anfigen; HCY = hepatitis C virus;
ICG R15 = indocyanine green retention rate at 15 minutes; MRSA = methicillin-resistant Staphylococcus aureus; TACE = transcatheter arterial

chemoembolization.

undergo liver resection (Fig. 1). Before randomization,
51 patients were excluded because 7 had preoperative in-
fections, 8 had preoperative complications, 34 patients
required concomitant hepaticoenteric anastomosis, and
2 refused to participate in the study. The remaining
190 patients were randomly assigned to either group I
(n = 95) or group II (n = 95). Two patients (1 in
each group) were excluded after randomization because
of intestinal injury and gastrointestinal bleeding in the
immediate postoperative period. Thus, data from 94 pa-
tients in group I and 94 patients in group II were
analyzed.

Patient characieristics

The 2 groups were matched for characteristics including
age, viral infection rate, ASA classification, diagnosis,
hepatic function, surveillance culture of methicillin-
resistant  Staphvlococcus aurvens, and other preoperative
laboratory data (Table ).

Surgical procedure and intraoperative data

There were no significant differences in surgical proce-
dure, thoracotomy rate, blood loss, operation time, blood
transfusion, intraoperative bile leakage, and resected liver
volume between the 2 groups (Table 2).

Postoperative course

Table 3 shows the postoperative complications and oui-
comes. One patient in group I died of cerebral hemorrhage,
and 1 patient in group II died of hemorrhage and perfora-
tion of the digestive tract. There were no significant differ-
ences between the 2 groups in liver failure (1.1% vs 2.1%,
£ = 1.00) and bile leakage (1.1% vs 5.3%, P = 211).
There were no significant differences between the 2 groups
in signs of infections (21.3% vs 25.5%, P = .606), the in-
cidence of systemic inflammatory response syndrome
from POD 4 (161.7% vs 17.0%, P = .406), infectious com-
plications (8.5% vs 17.0%, P = .125), 851 (7.5% vs 13.8%,
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