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Abstract \
Aim: This meta-analysis aims to compare hand-assisted laparoscopic surgery (HALS) and conventional open surgery (OS) for colorectal |
cancer (CRC) in terms of intraoperative and postoperative outcomes, and to explore the safety, feasibility of HALS for CRC surgery.

Methods: A systematic literature search with no limits was performed in PubMed, Embase, and Medline. The last search was
performed on April 23, 2017. The outcomes of interests included intraoperative outcomes (operative time, blood loss, length of
incision, transfusion, and lymph nodes harvested), postoperative outcomes (length of hospital stay, length of postoperative hospital
stay, time to first flatus, time to first liquid diet, time to first soft diet, time to first bowel movement, postoperative complications,
reoperation, ileus, anastomotic leakage, wound infection, urinary complication, pulmonary infection, and mortality).

Results: Fifteen articles published between 2007 and 2017 with a total of 1962 patients with CRC were included in our meta-
analysis. HALS was associated with longer operative time, less blood loss, smaller length of incision, shorter hospital days and
postoperative hospital days, less time to first flatus, less wound infection, and less postoperative complications. There was no
difference in blood transfusion, lymph node harvested, time to first liquid or soft diet, time to first bowel movement, reoperation, ileus,
anastomotic leakage, pulmonary infection, urinary complications, or mortality.

Conclusions: Our meta-analysis suggests that HALS in CRC surgery improves cosmesis and results in better postoperative
recovery outcomes by reducing postoperative complications and hospital days. Furthermore, a large randomized control study is
warranted to compare the short-term and long-term outcomes of those 2 techniques for CRC treatment.

Abbreviations: BMI| = body mass index, CRC = colorectal cancer, HALS = hand-assisted laparoscopic surgery, LAS =

laparoscopic surgery, OS = open surgery, PAS = previous abdominal surgery.
Keywords: colorectal cancer, conventional open surgery, hand-assisted laparoscopic surgery, outcomes

1. Introduction

Colorectal cancer (CRC) has become the third most common
tumor in the world.""=3 Up to now, radical surgery is still the best
choice for the treatment of CRC."! In the past decades, several
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minimally invasive techniques have been increasingly used to
colorectal surgery including conventional laparoscopic surgery
(LAS), hand-assisted laparoscopic surgery (HALS), robotic surgery,
and single-pore LAS.>~10)

Compared to conventional open surgery (OS), LAS has
advantages in smaller incision length, less blood loss and pain,
quicker recovery, and so on." 12! However, LAS also has some
limitations. Several previous studies demonstrated that LAS
needed a significant longer operative time than OS in CRC.
Besides, LAS is a complex procedure and will take a longer
learning curve for clinicians. When it comes to large and heavy
tumors, LAS becomes troublesome for dissection due to the lack
of tactile feedback and adequate exposure.'™!3! These con-
ditions have stimulated the development of HALS.

HALS for CRC was firstly proposed in 1994.M% It is a
minimally invasive technique which combines the features of LAS
and OS. The most outstanding advantage of HALS is that
surgeons can put a hand into the abdominal cavity through the
hand-access device to help retraction and dissection. In addition,
the specimen can be extracted from the incision which is
created for the hand-access device.'"'>151 However, the safety
and feasibility should be assessed before it can be widely accepted
and used. Some studies have compared the outcomes of
HALS and OS for CRC. However, the results may be different
from each other.'"'®! So we conduct this meta-analysis to
compare the clinical outcomes between HLAS and OS for CRC.
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We have also noticed some previous meta-analysis. However,
one was LAS not HALS versus OS for rectal cancer''”! and
another was HALS versus OS for gastric cancer.!'8! Besides, we
have included far more studies and patients than the previous
similar meta-analysis.'”! So we think our meta-analysis is
different from previous studies.

2. Materials and methods

2.1. Study selection

We did a systematic literature searching in PubMed, Medline,
and Embase for studies comparing HALS and OS in colorectal
surgery. The search strategy included terms “hand-assisted
laparoscopic surgery or hand-assisted laparoscopy” and “open
or laparotomy” and “colorectal cancer or colorectal carcinoma
or colon cancer or colon carcinoma or rectal cancer or rectal
carcinoma.” The last research was performed on April 23,2017.
We also performed a manual search of references of articles
and reviews for additional potentially eligible studies. The
ethical approval was not necessary because this study was a
meta-analysis.

2.2. Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were as follows:
case—control study (HALS vs. OS); CRC; studies with total
sample size more than 20; and intraoperative and/or postopera-
tive outcomes were reported. The exclusion criteria studies were
as follows: correspondences; review articles; studied including
benign diseases; animal studies; single-arm studies; and studies
not in English.

2.3. Data extraction

Two authors (XZ and QW) reviewed all the identified articles
independently. They would solve the discrepancies by discussion
first and a third reviewer (ZW) would be required if necessary.
We extracted the following items from each study: first author’s
name, year of publication, country, publication type, study type,
bowel preparation, location of disease, number of total patients
in each arm, numbers of male gender, age, body mass index
(BMI), tumor stage, surgical procedure, previous abdominal
surgery (PAS), and outcomes of interests.

2.4. Outcomes of interests

Intraoperative outcomes: operative time, blood loss, lymph node
harvested, incision length, and blood transfusion.
Postoperative outcomes: hospital day, postoperative hospital
day, time to first flatus, time to first liquid diet, time to first soft
diet, time to first bowel movement, reoperation, ileus, anasto-
motic leakage, wound infection, pulmonary infection, urinary
complication, postoperative complication, and mortality.

2.5. Quality assessment

The methodological quality of the enrolled retrospective studies
was assessed using the revised and modified grading system of the
Scottish Intercollegiate Guidelines Network.?! Articles achiev-
ing <8 scores, 8 to 14 scores, and more than 14 scores (total
score, 20) were defined as poor quality, fair quality, and good
quality, respectively. And the methodological quality of the
randomized controlled trials was assessed by modified Jadad
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score system (total score, 5; 1 to 2, low quality; 3 to 5, high
quality).?!!

2.6. Statistical analysis

All data analyses were conducted using the Review Manager
version 5.0 (The Cochrane Collaboration, Software Update,
Oxford) and P<.05 was considered statistically significant.
Weighted mean difference (WMD) or standard mean difference
(SMD) was calculated for the continuous outcomes, and pooled
odds ratios (OR) or risk ratios (RR) were calculated for the
dichotomous outcomes. For continuous outcomes, if the study
only provided means and range values or median and range
values, the means and standard deviations were calculated using
methods described by Hozo et al.*?! Chi-squared test and
Higgins [-squared test were used for heterogeneity test. A value of
P<.05 and I > 50% was regarded as existing heterogeneity. If
*>50% and P<.05, a random-effects model was applied.
Correspondingly, if I < 50% and P> .05, a fixed-effects model
was applied. Begg funnel plot was used to evaluate publication
bias.

3. Results

The procedure and result of literature search was shown in Fig. 1.
A total of 249 studies were obtained from the original search
algorithm. There remained 150 studies after removing duplica-
tions. After reviewing the titles and abstracts, only 31 relevant
studies were further evaluated. There was no additional article
identified from other sources. Among the 31 studies, 16 reports
were excluded due to the following reasons: 6 studies included
benign diseases; 5 studies were lack of independent data of
HALS; 1 study had too small simple size; 1 study compared the
outcome of LAS and OS; and 3 studies were review or
correspondence. Thus, 15 articles™®>"! published between
2007 and 2017 were included in our meta-analysis finally.
Three!3%35:3¢1 of the 15 articles were randomized controlled trial.
The characteristics of the included studies were summarized in
Table 1. A total of 1962 patients (900 by HALS and 1062 by OS)
were enrolled.

3.1. Patient demographics

There was no significant difference between the 2 groups in age
(P=.13, WMD=-1.12, confidence interval [CI —2.58, 0.33],
*=55%), male gender (P=.18, OR=1.15, CI [0.94, 1.90],
*=0%), or BMI (P=.65, WMD=—0.12, CI [0.66, 0.40], I*=
65%). In addition, surgical procedures and tumor stage were
similar in both groups.

3.2. Quality of included studies

The scores of methodological quality assessment of the enrolled
retrospective studies were shown in Table 2 and the scores of
randomized controlled trial were shown in Table 3. Of those
15 articles, 11 retrospective studies>> 28313437 had fair quality
(8=14 scores). Three randomized controlled trial®%>>2¢! had low
quality (all were 2 scores). One other study®”! was perspective
but nonrandomized so we did not assess the quality.

3.3. Meta-analysis of intraoperative outcomes

There was no significant difference between HALS and OS in
lymph node harvested (P=.25, WMD=0.76, 95% CI [-0.53,
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Figure 1. PRISMA diagram.

Characteristics of the included studies.

No. of patients Gender (male) Age BMI
Publication Study Bowel
Authors Year Country type type preparation Location Disease = HALS Open HALS Open HALS Open HALS Open
20! 2015  China Article RCCS Yes Right colon Malignant 10 25 6 14 645+97  62.3+102 222434  223+4.1
Tajimal®" 2014 Japan Article RCCS NR Colorectum Malignant 98 114 — — — — — —
Sheng?? 2017 China Article RCCS Yes Right colon Malignant 78 72 43 40 60.1+£10.8 62.4+9.8 217426  21.7+25
Ly 2012 China Article RCCS NR Colon Malignant 42 45 25 23 62.0+10.8 63+10 217424 221429
Nam®¥] 2013 Korea Article RCCS NR Sigmoid colon  Malignant 26 52 17 34 60.0+£12.6 61.3+9.9 246+32  236+46
Osarogiagho®® 2007 USA Article RCCS NR Colon Malignant 39 55 — — 71.0+88 68.5+11.2 — —
Zhout?®! 2015 China Article PNCT Yes Rectum Malignant 116 116 68 71 61+16 64+11 233+31 241450
Liu? 2010 China Article PRCT Yes Rectum Malignant 98 88 56 50 59.3+9.7 615+89 256+21  26.1x17
Gezen®®® 2013 USA Article RCCS NR Rectosigmoid Malignant 25 50 1 18 67+11 59+12 28+5 30+16
Sim/2%! 2013 Korea Article RCCS NR Right colon Malignant 16 33 9 18 61.0+£11.6 64.8+9.8 229+32 238439
Takakura®! 2009 Japan Article RCCS NR Transverse colon  Malignant 22 33 14 15 63.0+14.5 61.1+13.8 214422 21.6+25
ZhuB"! 2014 China Article RCCS NR Rectosigmoid Malignant 78 78 45 43 5717+11.65 56.88+11.79 2287+275 2323+2.39
Chung® 2007 Hong Article PRCT Yes Right colon Malignant 41 40 25 26 67.2+12.3 715493 225+25 234140
Kong
Sheng!®?! 2012 China Article PRCT Yes Right colon Malignant 59 57 32 35 62.4+128  64.6+142 217423 222428
Jadlowiec® 2014 USA Article RCCS NR Colorectum Malignant 152 204 77 78 64.7+3.4 67.6+1.1 30.3+4.7 28.1+37
Stage Surgical procedures PAS
Authors HALS Open HALS Open HALS  Open
Ljl20) 2,8 19, Il 16 — — 1 3
Tajimal"! — — RH26, TC2, LH8, AR27, RH28, TC8, LH8, AR38, — —
LAR30, Miles 5 LAR24, MO8

Sheng!? 19,1135, IIl 34 I11, 11 30, IIl 31 — — 10 10
Liu?? 14,120, Il 18 13,1122, 1 20 RH 23, LH 29 RH 25, LH20 2 3
Nam®® 02,111,149 05,116, 1113, 1 18 — — — —
Osarogiagho®®®! 09,19, 112,119 06,112,120, 1117 — — — —
Zhou?®! 130, II 45, Ill 41 132, 11 41, 1l 43 Dixon 85, Hartmann 18, APE 13 Dixon 90, Hartmann 12, APE 14 — —
Liut? — — Dixon 68, Hartmann 14, Miles 12, other 4  Dixon 59, Hartmann 11, Miles 14, other 4 — —
Gezen!®! 0112, 117,116 0126, 1112, 112 AR 7, LAR 18 AR 14, LAR 36 4 18
Simt29! 00,19,113, 1l 4 02,18, 1114119 — — — —
Takakura®®! 112,104,115, V1 113,118, 1112, IV 0 — — — —
ZhuB! — — — — — —
Chung®? — — — — 8 10
Shengt®®! 17,1125, 11127, IV O 111, 11 24, 1l 22, IV O — — 4 3
Jadlowiec®! 029,137,129, 1147, V10 019,136, Il 52, lll 75, IV 22 — — 70 97

APE = abdominoperineal excision, AR = anterior resection, BMI=body mass index, HALS = hand-assisted laparoscopic surgery, LAR=Ilow anterior resection, LH= left hemicolectomy, NR=not report, PAS = previous
abdominal surgery, PNCT = prospective nonrandomized controlled trials, PRCT = prospective randomized controlled trials, RCCS = retrospective case—control study, RH=right hemicolectomy, TC = transverse colectomy.
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Methodological qualities of included retrospective studies were assessed using the revised and modified grading system of the Scottish

Intercollegiate Guidelines Network.

Items/authors Li Tajima®"!  Sheng®  Liu®3

[30]

Nam®¥  Osarogiagho®® Gezen® Sim®*! Takakura ZhuB Jadlowiec®!

Inclusion criteria 0 0 1
Exclusion criteria 1 0 1
1 1 1
1 1 1

Comparable demographics?

Could the number of participating centers be
determined?

Could the number of surgeons who participated be 0 0 0 0
determined?

Could the reader determine where the authors were the 0 0 0 0
learning curve for the reported procedure?

Were diagnostic criteria clearly stated for clinical 1 0 1 0
outcomes if required?

Was the surgical technique adequately described?

Did they try to standardize the surgical technique?

Did they try to standardize perioperative care?

Was the age and range given for patients in the HALS
group?

Did the authors address whether there were any missing 0 0 0 0
data?

Was the age and range given for patients in the 1 0 1 1
comparative group?

Were patients in each group treated along similar 1 1 1 1
timelines?

The patients asking to enter the study, did they actually
take part in it?

Were drop-out rates stated?

Were outcomes clearly defined?

Were there blind assessors?

Were there standardized assessment tools?

Was the analysis by intention to treat?

Total scores

0
1
1
1

—
—

—
w00 —=0O
=0 O —=O
A 200 = 0O
N oo 2o

—

0 0 0 0 1 0
1 1 0
1 1 1
1 1 1

N =)

1 1
1 1
1

0
1
1 1

—
—
—
—
—

w00 —=0o
o—~o0co—=0o
N oo = o
o -0 0 =0
w00 —=0O
(o e Nel e

—
—

HALS =hand-assisted laparoscopic surgery.
Total scores, 20: <8, poor quality; 8 to 14, fair quality; >14, good quality.

2.06] I’=77%) or blood transfusion (P=.14, OR=0.37, CI
[0.10, 1.38], I*=0%). However, although there existed hetero-
geneity, we observed a significant longer operative time (P=.009,
WMD=14.97, CI [3.78, 26.15], I?=92%), less blood loss
(P<.001, WMD=-0.68, CI [-1.08, —0.29], *=92%), and
smaller incision length (P<.001, WMD=-9.82, CI [-10.76,
—8.89] I=95%) in HALS group (Fig. 2).

3.4. Meta-analysis of postoperative outcomes

The results demonstrated that HALS had shorter hospital day
(P<.001, WMD=-2.10, CI [-2.82, —1.37], ’=83%), post-
operative hospital day (P<.001, WMD=-2.92, CI [—4.15,
—1.83], ’=77%), and time to first flatus (P <.001, SMD=—
1.81, CI [-2.76, —0.86], *=97%). Besides, there existed less
wound infection (P=.008, OR=0.53, CI [0.33, 0.84], ’=0%)
and postoperative complication (P=.007, OR=0.61, CI [0.42,
0.87], ’=0%) in HALS group. Nevertheless, we observed no
significant difference in terms of time to first liquid diet (P=.31,
WMD=-0.31, CI[-0.92, 0.29], I*=83%), time to first soft diet
(P=.15, WMD=0.42, CI [-0.16, 1.00], I*=0), time to first

bowel movement (P=.25, WMD=—-0.57, CI [—1.54, 0.40], [*=
77%), reoperation (P=.75, OR=1.20, CI [0.40, 3.64], > =0%),
ileus (P=.16, OR=1.53, CI [0.84,2.77], I*=0%), anastomotic
leakage (P=.24, OR=0.66, CI[0.33,1.31],1*=0%), pulmonary
infection (P=.05, OR=0.40, CI [0.16, 0.99], ?=0%), urinary
complication (P=.75, OR=0.90, CI [0.48, 1.71], I*=0%), or
mortality (P=.63, RR=0.69, CI [0.16, 3.05], ’=0%) between
HALS and OS groups (Fig. 3).

3.5. Subgroup analysis of HALS versus OS for colon
cancer

We did a subgroup analysis to compare the results of HALS and
OS in patients with colon cancer. Nine studies were enrolled (333
by HALS and 412 by OS). We observed that HALS group had
longer operative time (P=.001, WMD=18.53, CI [7.21, 29.84],
’=84%), less blood loss (P=.03, SMD=-0.51, CI [—0.96,
—0.06], ’=83%), smaller incision length (P <.001, WMD=—
10.39, CI [-12.35, —8.42], I*=97%), shorter hospital day
(P<.001, WMD=-2.18, CI [-3.13, —1.23], ’=61%), post-
operative hospital day (P<.001, WMD=-6.39, CI [-8.03,

Modified Jadad score of the included trials.

Described as Appropriate randomization Subject blinded Evaluator blinded Description of withdrawals Total
Authors randomized method described to intervention to intervention and dropouts score
Liu" 1 1 0 0 0 2
Chung®? 1 1 0 0 0 2
Sheng®®®! 1 1 0 0 0 2

1—Reported; 0—not reported. A total modified Jadad score of 1 to 2—low-quality trial, and 3 to 5—nhigh-quality trial.
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Operative time

ung 105.

Mean Difference n
V. o

Mea
% CI Ra

Difference
95% Cl

Chung 2007 4 33 2 263 7.1% ,31.48)
Gezen 2013 186 58 25 170 98 50 46% 16.00[19.42,51.42) —l
Jadlowiec 2014 1989 372 152 2263 6553 204 8.0% -27.40[-37.02,-17.78) el
Li2015 1865 134 10 142 208 25 75%  44.50(30.48,5853) ——
Liu 2010 181 35 98 140 20 83 82%  21.00(1291,29.09) —=
Liu 2012 169 25 42 171 295 45 78%  -200[13.47,947) —
Nam 2013 2244 T 26 1952 664 52 64%  2020(7.42,50.98)
Osarogiaghon 2007 1452 365 39 1785 883 55 58% -33.30(59.30,-7.30)
Sheng 2012 138 30 59 113 33 57 78% 2500[1351,36.49) —t—
Sheng 2017 156 20 78 130 15 72 3%  26.00(20.37,3163) =+
Sim 2013 2173 209 16 2032 376 33 68%  14101537,3357) —
Takakura 2009 2331 563 22 1956 62§ 33 51%  37.50[5.7560.25
Znou 2015 160 36 116 126 21 116  82%  34.00(26.42,41.58) ==
Zhu 2014 14237 4200 78 13756 3624 78 T7%  4811752,17.04) —
Total (95% C1) 802 948 100.0%  14.97(3.78,26.15] -
Helerogeneily: Tau®= 382.26; Chi*= 159,77, df= 13 (P < 0.00001); F= 82% e e
Testfor overal effect Z= 2.62 (P = 0.009) Favours [experimental] Favours [control]
Blood loss
HALS Open Std. Mean Difference Std. Mean Difference
X 2 D 2 Mea 2 Random, 9 Rando
Chung 2007 965 725 41 782 475 40 030(0.14,0.73
Gezen 2013 233 144 25 411 552 50 89%  -0.38[0.87,0.10) e B I
Jadlowiec 2014 103 394 152 2704 1273 204 99%  -167}1.92,-1.43 !
Li2015 30 152 10 90 204 25 66%  -223(315-1.31) ¢
Liu 2010 310 96 98 380 85 88 97% 077 (1.06,-047] ——
Liu 2012 107 538 42 141 963 45 91% -0.43-0.85,-0.00] |
Sheng 2012 10 60 58 136 63 57 04%  -0.42(0.79,-0.05 ——
Sheng 2017 120 56 78 127 56 72 96%  -0.12}0.44,020) ——
Takakura 2009 1165 80 22 2375 171.3 33 85%  -084(1.40,-027) —————
Zhou 2015 262 136 116 392 95 116 98%  -1.10[1.38,-083
Znu 2014 12596 7558 78 14256 6537 78 96%  -0.23(0.55,0.08) ——
Total (95% CI) 721 808 100.0%  -0.68[-1.08,-020) =
Helerogeneily: Tau®= 0.39; Chi*= 12568, df= 10 (P < 0.00001); F=82% o o5 o5 1

Testfor overall effect: Z= 3.42 (P = 0.0008)

Favours [experimental] Favours [control]

Lymph node harvested
HALS Open Mean Difference Mean Difference
dy o X ea 2 £a 2 gight T\ om, 3 [V, Rando
Chung 2007 177 63 41 200 10 40 79% 2400605125
Gezen 2013 35 18 25 28 17 50 24% 6.00[248,14.48)
Jadlowiec 2014 177 08 152 175 14 204 214%  0.20(0.01,041) e
Li2015 153 56 10 16 63 25 65% -0.70[4.96,3.56)
Liu 2012 14 B 42 14 55 45 123%  0.00(242,242)
Osarogiaghon 2007 192 12 38 103 58 55 69%  890(4.83,1297) L
Sheng 2012 144 54 58 14 56 57 142%  0.40[1.60,2.40) —_—
Sheng 2017 192 28 78 199 25 72 197% -0.70(1.55,0.15) —=1
Sim 2013 315 18 16 135 92 33 18% 18.00(8.64,27.36) ¥
Zhu 2014 1777 1315 78 1805 1153 78 73% -0.28(4.16,3.60)
Total (95% CI) 540 659 100.0%  0.76(-0.53,2.06) —ai—
Heterogeneity: Tau®= 2.04; Chi*= 39.76, df= 9 (P < 0.00001); F= 77% t 2 ‘

Testfor overall effect Z=1.15 (P = 0.25)

-4 2
Favours [experimental] Favours [control]

Incision length
HALS Open Mean Difference Mean Ditference

_Studyor Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, Cl

Li 2015 58 07 10 16 23 25 118% -1020(11.20,-920) ——

Liu 2010 6 1 98 17 2 88 133% -11.00}11.46,-1054 =

Liu 2012 74 02 42 153 13 45 134%  -8.20[858,-7.82 -

Sheng 2012 83 14 59 192 33 57 121% -1090}11.83,.-997 ——

Sheng 2017 58 05 78 163 49 72 11.4% -1050(1164,-936] ——

Takakura 2008 63 13 22 163 28 33 115% -1000(1110,-890) ——

Zhou 2015 6 1 116 16 2 116 13.4% -10.00[-10.41,-9.59) -

Zhu 2014 514 047 78 1347 241 78 134%  -803}8.57.-7.49) b

Total (95% C1) 503 514 1000% -9.32(-10.76,.880) @

Heterogeneily. Tau*= 1,65; Chi*= 132.45, df= 7 (P < 0.00001); I'= 95% s + Y H -y

Test for overall effect Z= 20,63 (P < 0.00001) Favours [experimental] Favours [control]
Blood transfusion

HALS Open 0Odds Ratio 0Odds Ratio
r r vents Total Event |_Weight M.H, Fix % Cl M.H, Fixed, 95% CI

Gezen 2013 125 5 50 367%  0.38[0.04,340] ——]—
Osarogiaghon 2007 2 39 755 633%  0.37(0.07,1.89 ——
Total (95% CI) 64 105 100.0%  0.37 [0.10,1.38] i
Total events 3 12
Heterogeneity: Chi*= 0.00, df=1 (P = 0.99), F= 0% 'D.Di 0:1 1'0 100'

Testfor overall effect Z=1.48 (P=0.14)

Favours [experimental] Favours [control]

Figure 2. Meta-analysis of intraoperative outcomes. HALS = hand-assisted laparoscopic surgery.

—4.75], P=22%), and time to first flatus (P=.003, WMD=—
2.15,CI[—-3.56,—0.75],1*=98%), less wound infection (P=.03,
OR=0.36, CI [0.14, 0.93], =0%), and postoperative compli-
cation (P=.008, OR=0.46, CI [0.26, 0.82], *’=0%) (Table 4).

3.6. Publication bias

A funnel plot of the studies reporting on postoperative
complications shows that there was no obvious publication bias
among the studies (Fig. 4).

4. Discussion

Since the first report of HALS for CRC in 1994, it has been
increasingly used in colorectal surgery.'*'*38! Although several
studies have demonstrated the advantages of HALS, there still exists
controversy about HALS.®*“*" In our meta-analysis including 15
studies with 1962 patients, HALS group revealed a significantly less
blood loss and smaller incision length, which are in line with the
previous meta-analysis and reviews.!®'®'*I This demonstrated that
HALS can improve cosmesis for patients compared with OS.
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tudy or St al_Mea 95% Cl 1V, Random, 95% C!
Chung 2007 88 33 41 103 48 40 85% -150(330,030)
Gezen 2013 89 48 25 98 48 S50 63% -090[(3201.40 *
Jadlowiec 2014 55 08 152 85 15 204 172% -3.00[324,-2.76
Li 2015 725 10 9 36 25 74% -200[410,010 &
Nam 2013 M7 38 26 115 4 52 83% 020162202 —]
Osaroglaghon 2007 122 8 38 143 7.3 55 40% -210[5.27,1.07]
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Figure 3. Meta-analysis of postoperative outcomes. HALS = hand-assisted laparoscopic surgery.
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Figure 3. (Continued).
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Table 4
Subgroup analysis of HALS versus OS for colon cancer.
No. of patients

Outcomes of interested No. of studies HALS Open P % Analysis model OR/WMD 95% CI P
Operative time 8 333 412 84 Random 18.53° 7.21,29.84 .001
Blood loss 6 252 272 83 Random —051° —0.96, —0.06 .03
Lymph node harvested 7 285 327 74 Random 0.48° —1.54, 2.50 .64
Incision length 5 211 232 97 Random —-10.39° —12.35, —8.42 <.001
Hospital day 7 269 334 61 Random —2.18" —-3.13, -1.23 <.001
Postoperative hospital day 2 64 78 22 Fixed —6.39° —8.03, —4.75 <.001
Time to first flatus 8 294 357 98 Random —2.15° —3.56, —0.75 .003
Time to first liquid diet 2 42 85 0 Fixed 0.30° —0.24, 0.83 .28
Time to first soft diet 2 42 85 0 Fixed 0.42° —0.16, 1.00 15
lleus 4 201 207 0 Fixed 1.05° 0.33, 3.32 93
Wound infection 6 252 272 0 Fixed 0.36% 0.14, 0.93 .03
Pulmonary infection 5 210 227 0 Fixed 0.39% 0.12, 1.30 12
Urinary complication 2 52 70 0 Fixed 0.54% 0.11, 2.51 43
Postoperative complication 7 250 327 0 Fixed 0.46% 0.26, 0.82 .008
Bold values signify when P < .05.
Cl=confidence interval, HALS = hand-assisted laparoscopic surgery, OR=odds ratio, 0S=open surgery, WMD =weighted mean difference.
20R.
°WMD.

Interestingly, different from previous meta-analysis,'”! we In line with previous review and mate-analysis,!®'? there was no

observed significantly longer operative time in HALS group. This
result is supported by some other reviews.[®1®! Ding et al thought
that the operative time of HALS was related with technique skills
and case accumulation.!"” However, we hold the opinion that
HALS was belong to minimally invasive technique though it had
part feature of OS. When performing HALS, surgeons can put
one hand into abdominal cavity to assist dissection but both 2
hands to assistin OS. So HALS needs longer time than OS in CRC
surgery.

Against previous meta-analysis,!'”! there was no significant
difference in ileus. The possible reason is that the occurrence of
ileus is a complex procedure and many factors can contribute
to it.l*?! In colorectal surgery, both HALS and OS need a
mobilization of the intestine which may be similar in the 2 groups.
In addition, the similar results in time to first liquid diet, time to
first soft diet, and time to first bowel movement of the 2 groups
can also account for it. Although we observed significant less time
to first flatus in HALS group, we thought that patients in HALS
group had smaller incision length and less postoperative pain, so
they could perform off-bed activities earlier which was beneficial
to the recovery of intestinal function.
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Figure 4. Funnel plots of the studies reporting on postoperative complication.

difference in lymph node harvested. We explained it that both
HALS and OS need follow the principles of oncologic surgery. No
significant difference was observed in blood transfusion, it might be
because of the ability to rapidly control of unexpected bleeding by
electrocoagulation equipment. In general, HALS has an incision of
about 5 to 8 cm which is smaller in OS.""*31 Tt will help to reduce
the incidence of wound infection. So, we observed a significant less
wound infection in HALS group. Besides, HALS group suggested
significant shorter hospital days and postoperative hospital days,
which are controversial in previous review."*”! The possible reason
is that patients in HALS group had smaller incision length, faster
recovery of gastrointestinal function, and lower incidence of
wound infection or postoperative complications. Furthermore,
no significant difference was observed in terms of reoperation,
anastomotic leakage, pulmonary infection, urinary complication,
or mortality. This might due to the advance of nursing level.

In the subgroup analysis of colon cancer, HALS can also
improve cosmesis and result in better postoperative recovery
outcomes. In addition, HALS can reduce the risk of postoperative
complications. In regard to oncological outcomes, the result
showed no significant difference in lymph node harvested of the 2
groups. The possible reason was that the 2 groups followed the
similar dissection, mobilization, and vascular ligation which were
based on the oncological principles.**! We did not analyze the
survival of cancer patients due to only 2 studies reporting the
survival data and the survival outcomes could not be estimated
for there was no death case in 1 article’s HALS group.

The strength of this meta-analysis: our meta-analysis included
more articles and more patients than previous studies; we
analyzed intraoperative and postoperative outcomes, and the
pooled data showed that compared with OS, HALS could
provide a smaller length of incision and faster postoperative
recovery; our meta-analysis only included malignant diseases;
and we also conducted subgroup analysis of HALS versus OS for
colon cancer.

Some limitations of this study have to be highlighted. First,
there existed high heterogeneity in some analyses. Though the
sensitivity analysis was conducted by removing 1 study each time,
the outcomes remained unchanged. We thought that it might be
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influenced by many factors, such as the experience of surgeon,
locations of diseases, bowel preparation, tumor stage and size,
PAS, and so on. Second, most of the enrolled articles were
retrospective studies. This might induce patient selection bias
though there were 3 randomized controlled trials. And third, we
did not compare survival outcomes for we could not get enough
data from the included studies.

In conclusion, our meta-analysis suggests that the HALS in
CRC surgery improves cosmesis and results in better postopera-
tive recovery outcomes by reducing postoperative complications
and hospital day. Furthermore, a large randomized control study
is warranted to compare the short-term and long-term outcomes
of those 2 techniques for CRC treatment.
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