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PubMed and Ovid Medline searches were
conducted. A total of 11 studies were

[ Final study population (N=11)

) extracted according to our inclusion and
exclusion criteria

Patients and Methods

Study Selection

A search of all the published comparative studies on
Lap, including assisted techniques, vs Op for the resec-
tion of malignant tumors, was carried out with PubMed
and Ovid Medline. Publications from 1965 to March
2009 were reviewed, and the following “MeSH” search
headings were used: “laparoscopy” and “liver resec-
tion.” No English studies or human studies were
excluded. The further search heading “open” was used,
and all publications from 2000 and later were included.
The study selection is shown in Fig. 1. A total of 11
studies was analyzed based on our selection criteria.
Among these 11 studies, 6'*' duplicated the previously
published study of Simillis et al." Four studies were
published after 2005."***

Data Extraction

Two reviewers (T.M. and M.K.) independently extracted
the following parameters from each study: first author,
year of publication, study population characteristics,
study design, inclusion and exclusion criteria, matching
criteria, and the number of subjects operated on with
each technique. There was 100% agreement between
the two reviewers.

Inclusion Criteria

To be included in the analyses, each study had to: (1)
compare Lap and Op for malignant tumors; (2) be a
clinical study; (3) clearly report the indications for
surgery; (4) be written in English; (5) be published in
2000 or later.
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Table 1. Studies included in this review

No. First author®' Journal Study design Year
1 Shimada™ Surg Endosc Retrospective cohort 2001
2 Farges'’ J HPB Surg Prospective cohort 2002
3 Mala'® Surg Endosc Retrospective cohort 2002
4 Lesurtel™ J Am Coll Surg Prospective case control 2003
5 Laurent"” Arch Surg Prospective case control 2003
6 Morino'® Surg Endosc Retrospective case control 2003
7 Kaneko®' Am J Surg Retrospective case control 2005
8 Belli* Surg Endosc Retrospective case control 2007
9 Aldrighetti* J Gastrointest Surg Prospective case control 2008

10 Troisi™ Surg Endosc Retrospective case control 2008

11 Polignano" Surg Endosc Prospective case control 2008

Exclusion Criteria

Studies were excluded from the analysis if: (1) the out-
comes of interest were not clearly reported; (2) it was
impossible to extract or calculate the appropriate data
from the published results; (3) there was considerable
overlap between authors, centers, or patient cohorts
evaluated in the published literature, including review
articles; (4) resections were carried out only for the
purpose of cyst excision, biopsy, or benign tumors.

Outcomes of Interest and Definitions

The following outcomes were used to compare patients
undergoing Lap with those undergoing Op: operative
time, operative blood loss, postoperative complications,
and duration of hospital stay.

Statistical Analysis

The meta-analysis was carried out using the MedCalc
software package (version 8.0.1.0; MedCalc, Mar-
iakerke, Belgium), and a comprehensive meta-analysis
software package (Biostat, Englewood, NJ, USA). The
power analysis was carried out using the Power and
precision V3 software package (Biostat).

The statistical analyses of dichotomous variables
were carried out using the odds ratio (OR) as the
summary statistic, and continuous variables were ana-
lyzed using the standardized mean difference (SMD);
both were reported with 95% confidence intervals
(Cls). The odds ratios represent the odds of an adverse
event occurring in the Lap group compared with the Op
group, whereas the SMDs summarize the differences
between the two groups with respect to continuous vari-
ables, accounting for sample size. For studies that pre-
sented continuous data as means and range values, the
standard deviations (SDs) were calculated. The Mantel-
Haenszel method was used to combine the OR for the
outcomes of interest by using the “random effect” meta-
analytical technique. Heterogeneity was assessed by
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graphic exploration, and funnel plots were used to eval-
uate any publication bias. A power analysis for a test of
the null hypothesis was performed using the Power
and Precision statistical software package (Biostat). For
each study, the null hypothesis that the proportion posi-
tive was identical in the two populations was tested. The
criterion for significance (o) was set to 0.05. The test
was two-tailed, which meant that an effect in either
direction was interpreted. The power of each study was
calculated by the number of proposed study groups.

Results

We reviewed Lap studies published since 2000 as
described in Patients and Methods (Fig. 1). A total of
11 studies were analyzed (Table 1), all of which described
the differences between Lap and Op patients and pro-
vided data with means and standard deviations.

Meta-Analysis of Operative Variables

Eight studies reported on the operative time, which was
not found to be significantly different (SMD: 0.464:95%
CI: —0.063 to 0.992) between the two groups (Fig. 2a:
P =0.072). The funnel plot of the test for heterogeneity
was significantly different (P < 0.001) for this result (Fig.
2b). Nine studies reported on bleeding during surgery,
which was found to be significantly lower (SMD: -0.709;
95% CI: -1.027 to —0.390) in the Lap group than in the
Op group (Fig. 3a: P < 0.001). However, the funnel plot
of the test for heterogeneity was significantly different
for this result (Fig. 3b: P = 0.019).

Meta-Analysis of Postoperative Variables

All 11 studies reported on postoperative complications,
which were found to be significantly less frequent (odds
ratio: 0.385;95% CI:0.231-0.642) in the Lap group than
in the Op group (Fig. 4a: P < 0.001). The funnel plot of
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Fig. 2. a Annotated forest plot for the meta-analysis of opera-
tive time for laparoscopic hepatectomy (Lap) versus open
approach (Op). b Annotated funnel plot of standard error
(SE) by standardized mean difference (SMD) for the meta-
analysis of operative time for Lap vs Op. Open circles, original

the test for heterogeneity did not show a significant dif-
ference (P = 0.923) for this result (Fig. 4b). Nine studies
reported on the duration of the hospital stay, which was
found to be significantly shorter (SMD: -0.740;95% CI:
-0.950 to -0.530) in the Lap group than in the Op group
(Fig. 5a: P < 0.001). Furthermore, the funnel plot of
the test for heterogeneity was not significantly different
(P =0.439) for this finding (Fig. 5b).

Power Analysis for 0.05 o Error

Data were re-evaluated by a power analysis in condi-
tions with a 0.05 o error (Table 2). The power of each
study was calculated and the number required for each
study to satisfy an 80% power was estimated. Four
studies demonstrated a power of 80% or less for all of
their results (Nos. 1, 3, 6, and 10). Three studies satisfied
80% power in one of their findings (Nos. 2, 4, and 11),
Three studies satisfied 80% power in two of their results
(Nos. 5 and 7). Only one study showed more than 80%
power for all of its results (No. 8).

Study Lap (mean £ SD: m.) Op (mean = SD:m.)

2 177 57 156 +42

4 202 +48 145 + 31

5 267 +79 182 £ 57

7 182 +38 210 + 40

8 148 £29.73 12521 £17.48
9 260 + 50 220 + 30
10 220.25 +122.28 241.8+£97.7
11 362 =113 366 = 73

data: closed circles, imputed values. The diamonds at the
bottom show the overall means with a 95% confidence inter-
val (CI) of SMDs. The open diamond represents original data
points and the closed diamond represents imputed values. P
values were calculated by test for heterogeneity. m, minutes

Discussion

We reviewed the Lap studies published since 2000 and
evaluated them using both a meta-analysis and a power
analysis. Although the analyses of operative time and
intraoperative bleeding did not indicate agreement con-
cerning the superiority of either technique, there were
fewer postoperative complications in the Lap patients
than in the Op patients, and the duration of the hospital
stay in the Lap group was shorter than in the Op group.
The power analyses indicated that several studies might
have had an insufficient number of patients to reach
their conclusions.

In general, the clinical merits of the Lap approach
compared to the Op approach include less intraopera-
tive bleeding, a lower requirement for postoperative
pain control, faster recovery, and shorter hospital stay.’
However, the clinical outcomes of Lap studies varied
greatly, depending on the institution and the time they
were published. Because the Lap technique is now
rapidly progressing and the outcome may also be
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Fig. 3. a Annotated forest plot for the meta-analysis of intra-
operative bleeding for Lap vs Op. b Annotated funnel plot of
SE by SMD for the meta-analysis of intraoperative bleeding
in Lap vs Op. Open circles, original data; closed circles,

improving daily, we evaluated those Lap studies that
compared the Op techniques for malignant tumors that
were published since 2000.

Operative Time

The operative time for the Lap technique appeared to
be longer than for the Op technique.”™**** The tight
surgical field and small surgical instruments in the Lap
group caused a longer operative time. The lack of a
standard technique in the Lap group led surgeons to
devote more of their efforts to each operative step than
for the Op group. In addition, a history of previous
surgery may have caused surgeons to divide adhesion
for a longer time in the Lap approach compared to the
Op approach.” The overall operative time in the Lap
group could be shortened in proportion to which the
Lap technique becomes the predominant procedure in
the future. Further prospective studies should be
conducted to determine whether the operative time for
Lap could be shorter than for Op in the coming
years.

62

Study Lap (mean = SD: ml) Op (mean + SD: ml)

2 218 +£173 285+ 178

3 600 = 850 500 + 950

4 236 + 155 429 + 286

5 620+ 130 182 £ 57

6 320 + 387 479 £ 550

7 350 £ 505 505 + 185

8 260 + 127 376.95 + 114.32

9 165 £ 43 214 +£47

11 135+ 84 420 + 225

imputed values. The diamonds at the bottom show the overall
mean with a 95% CI of the SMDs. The open diamond repre-
sents original data and the closed diamond represents imputed
values. P values were calculated by test for heterogeneity

Bleeding

Bleeding in patients who have undergone the Lap tech-
nique can be lower than for the Op technique. All recent
studies after 2004 reported less bleeding in the patients
who underwent Lap.'**'* Therefore, bleeding control in
the Lap group could be established as a result of recent
technical progress. The high magnification of the image
on the monitor can reveal fine ductal structures during
parenchymal dissection. In addition, magnified bleeding
motivates surgeons to control bleeding, even when
present as a small amount compared to patients who
have undergone Op. Furthermore, various surgical
devices used to obtain hemostasis and vessel sealing
could help control bleeding.”* Although the test for
heterogeneity is significantly different for bleeding at this
time, additional studies may prove whether Lap or Op is
superior for controlling bleeding in the future.

Postoperative Complications

There were significantly fewer postoperative complica-
tions in the Lap group than in the Op group without
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Fig. 4. a Annotated forest plot for the meta-analysis of postop-
erative complications for Lap vs Op. b Annotated funnel plot
of SE by SMD for the meta-analysis of postoperative complica-

imputed values. The diamonds at the bottom show the overall
mean with a 95% CI of the SMDs. The open diamond repre-
sents original data and the closed diamond represents imputed

tion for Lap vs Op (b). Open circles, original data; closed circles, values. P values were calculated by test for heterogeneity

Table 2. Power analysis of the studies

Numbers Power of the study (%) Required n for 80% power

No.  Firstauthor™* Lapn Opn OpeT Bleeding Comp HospS OpeT Bleeding Comp Hosp S
1 Shimada®™ 17 38 — — 93 — — — 488 —
2 Farges'’ 21 21 26.4 22.7 5 96.8 91 109 X OK
3 Mala' 15 14 — 6 18 64.5 — 1277 101 22
4 Lesurtel® 18 20 99 69.7 14.9 23.7 OK 24 174 90
5 Laurent" 13 14 87.2 24.9 96.1 6.3 OK 60 OK 848
6 Morino™ 30 30 — 24.7 5 47.8 —_ 142 X 66
7 Kaneko® 30 28 76.6 83.2 14 88.2 32 OK 295 OK
8 Belli* 23 23 87.3 89.5 96.7 96.7 OK OK OK OK
9 Aldrighetti24 20 20 84.8 91.8 23.4 — OK OK 100 —

10 Troisi™ 20 20 9.2 - 38.9 71.2 418 — 54 25

11 Polignano" 25 25 52 99.9 62.3 66.8 8880 OK 38 34

a error = (.05

Lap, laparoscopic hepatectomy; Op, open hepatectomy; Ope T, operation time; Comp, complication; Hosp S, hospital stay; X, the required
number cannot be obtained due to infinity; OK, there was a sufficient number to analyze each endpoint
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Fig. 5. a Annotated forest plot for the meta-analysis of dura-
tion of hospital stay for Lap vs Op. b Annotated funnel plot
of SE by SMD for the meta-analysis of the duration of hospital
stay for Lap vs Op. Open circles, original data; closed circles,

heterogeneity, although only 3 of the 11 studies sup-
ported these results. The range of morbidity was between
6.7%'"® and 47.8% for Op, and was between 5.9%> and
34.2%" for Lap. Although the different morbidities may
represent institutional superiority in technical and empir-
ical considerations, these rates may represent various
inclusion criteria for complications in each institution.
Most reports did not provide a clear definition of these
complications. Another reason could be the heterogene-
ity of the patients, even though hepatectomy was
conducted for patients with malignant tumors. The
pathological background may differ regardiess of etiol-
ogy, even in hepatocellular carcinoma patients who have
cirrhosis or simple chronic hepatitis. This would give
varying morbidities among the patients. We conclude
that complications with Lap appear to be fewer in number
than Op. However, common criteria for postoperative
complications should be selected,”" and homogeneous
patients should therefore be recruited in future studies.

Hospital Stay

The postoperative hospital stay after Lap appeared to
be shorter than after Op in the present meta-analyses.
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imputed values. The diamonds at the bottom show the overall
mean with a 95% CI of the SMDs. The open diamond repre-
sents original data and the closed diamond represents imputed
values. P values were calculated by test for heterogeneity

This may reflect the lower morbidity of the Lap proce-
dure. Although surgical stress was not evaluated in any
of the studies, it appears that a lower level of surgical
stress helped the Lap patients to recover faster than the
Op patients. For example, the postoperative wound
pain in Lap patients may be lower than in the Op
patients, and may be associated with wound length. In
addition, bowel movements in patients following Lap
appeared to be recovered faster than in Op patients,
due to a shorter exposure time of the intestine and
colon to open air. Several reports have noted that oral
intake after Lap occurred faster than after Op.”** A
clinical interpretation of the these results is difficult at
the current time because the studies were based on a
retrospective or case—control analysis. However, the
postoperative hospital stay for the patients who success-
fully underwent Lap surgery was significantly shorter
than for those who underwent Op surgery within the
last decade.

Bias Affecting the Results and Conclusion

Although the present study focused on papers pub-
lished since 2000, techniques for liver parenchymal tran-
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section could affect the results and conclusions. In the
Cochrane review,” the clamp-crush technique is consid-
ered to be the best technique because it avoids the need
for special equipment. However, the newer methods do
not appear to offer any additional benefits in decreasing
the morbidity or transfusion requirement. In Op
patients, intraoperative bleeding can be controlled by
vascular exclusion,”" including the Pringle maneuver
or manual compression of the parenchyma. However, it
is more difficult to control bleeding in Lap patients
because a hand cannot be used to assist hemostasis.
Therefore, several hemostatic surgical devices should
be used for Lap.” The endoscopic clamp method was
used in the initial Lap reports, but hemostatic devices
such as a bipolar electrocoagulator, LigaSure (Valley-
lab Tyco Healthcare, Boulder, CO, USA), Harmonic
Scalpel (Ethicon, Cincinnati, OH. USA), SonoSurg
(Olympus, Tokyo, Japan), Floating ball (Salient Surgi-
cal Tech, Portsmouth, NH, USA), Sealing hook (Salient
Surgical Tech), and an argon beam coagulator have also
been used.” Coaptive coagulation uses a low tempera-
ture (50-100°C) to denature proteins in the tissues,
forming a hemostatic protein coagulum that seals vessels
and bile ducts.” Therefore, various surgical devices
and techniques were used in the studies according to
the historical background. Even though the superiority
between these particular devices has not yet been
proven, a surgical device bias could not be eliminated
in the present meta-analysis. A learning bias may have
also played a role. It takes a certain amount of time and
a sufficient number of cases to learn all of the new surgi-
cal techniques, including the use of surgical devices.”'
Learning bias is inevitable in a retrospective study:;
therefore, a prospective study is required in the future.

Oncological Aspects

Care should be taken to decide the indications for Lap
in the case of malignant tumors. The oncological
outcome should be confirmed before employing Lap for
all patients with malignant tumors. The surgical margin
is considered to be one of the prognostic factors for
patients with metastatic liver tumors arising from
primary colorectal cancers, " and it can be significantly
more difficult to secure the surgical margin using Lap
than using Op."” However, most studies using the Lap
approach showed no significant differences of surgical
margin or postoperative survival between the two pro-
cedures.*"™" Furthermore, no port metastases after Lap
hepatectomy have been reported,”'* and the inci-
dence of recurrence after Lap should be the same as for
Op.™ RO resection is the ideal surgery for malignant
tumors, but the use of R1 resection of metastatic liver
tumors in a study using Op for the treatment of patients
with colorectal metastatic tumors revealed no survival

differences or disease-free differences.” Furthermore,
the surgical margin of hepatocellular carcinomas
remains controversial. Although anatomical resection
showed prognostic merit,” a minimal surgical margin
had no different prognostic impact compared to a wide
surgical margin."** One possible reason for the lack
of a survival difference between RO resection and R1
resection for metastatic tumors could be the improve-
ment of postoperative adjuvant therapies.”” Another
reason may be the enhanced in situ surgical margin, or
the so-called heat-zone effect, after using thermoabla-
tion devices.* In the present case, the pathological sur-
gical margin did not represent the actual in situ surgical
margin. Recent surgical devices for hemostasis may
help to secure the in situ surgical margin in Lap patients.
Long-term prospective comparative studies of the onco-
logical aspects of Lap should be conducted in the future.

Study Design

Clinical studies should be assessed for the methodological
quality.™ Retrospective case—control studies should not
report the favorable experiences alone. An appropriate
number of patients should be recruited to obtain a suffi-
cient statistical power. However, the outcomes of several
studies were on the borderline of reaching sufficient power.
Most of the studies were short by 10 cases or fewer. A
power analysis should therefore be considered to confirm
any conclusions before publishing or presenting results. If
no result reaches 80% power in a study, it must be con-
cluded that it is an insufficient study. Even in retrospective
studies, the power of the results should be ensured.

In conclusion, we reviewed recent studies since 2000
that compared the Lap approach to the Op approach.
Although the meta-analysis contains many biases. the
Lap approach appears to have less patient morbidity and
a shorter hospital stay compared to the Op approach.
Because of rapid technological progression, firm conclu-
sions regarding the operating time and bleeding could
not be reached in the current analyses. Further prospec-
tive studies are needed to clarify the superiority of each
approach in the future. Even in retrospective and case
control studies, the power of the results must be consid-
ered before reaching any conclusions.
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Clinical Practice Guideline for Lung Cancer: Kazushige Hayakawa *' and Masahiro Tsuboi ™ (*'Dept. of Radiology, Kitasa-
to University School of Medicine, **Dept. of Thoracic Surgery, Kanagawa Cancer Center)
Summary

A clinical practice guideline for lung cancer in Japan was published by an expert multidisciplinary Panel in 2003 and revised
especially on the role of postoperative chemotherapy and the use of chemotherapeutic agents by the guideline committee of
the Japan Lung Cancer Society in 2005. This guideline is divided into two parts as follows: 1) standard procedures for diag-
nostic techniques and treatment modalities such as surgery, chemotherapy and radiation therapy, the role of induction or
adjuvant treatments for surgery and the approaches for central types of early bronchogenic cancer, and 2) standard adapta-
tion of various methods of treatments according to the dlinical stage. Now we are going to revise the guideline, renew the
decision trees for standard treatment procedures and molecular targeted therapies based on the new TNM classification, and
add parts to the treatments for malignant mesothelioma and the management of bone metastases with bisphosphonates.
Key words: Clinical practice guidefine, Non-small cell lung cancer, Small cell lung cancer, Corresponding author: Kazushige
Hayakawa, Department of Radiology, Kitasato University School of Medicine, 1-15-1 Kitasato, Minami-ku, Sagamihara 228-
8555, Japan
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