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Abstract

Background Despite increasing data regarding clinical
outcomes following transvaginal hybrid NOTES chole-
cystectomy (TVC), a consensus regarding safety based on
comparative studies has yet to be reached. The aim of this
systematic review and meta-analysis was to compare safety
and clinical outcomes of TVC with conventional laparo-
scopic cholecystectomy (CLC) for the treatment of benign
gallstone disease.

Methods A comprehensive search for published studies
comparing TVC and CLC was performed. Review of each
study was conducted and data were extracted. All pooled
outcome measures were determined using random-effects
models.

Results Data were retrieved from 14 studies describing
1,145 patients. There was no difference in total complica-
tions (POR = 0.68; 95 % CI 0.40-1.14; P = 0.14), inci-
dence of bile duct injury (POR = 1.33; 95 % CI
0.31-5.66; P = 0.70), Clavien—Dindo Grade II (POR =
048; 95% CI 0.14-1.60; P =0.23) or Grade III
(POR = 0.63; 95 % CI 0.24-1.65; P = 0.34) complica-
tions between TCV and CLC. Time of return to normal
activities was significantly reduced in the TVC group
(WMD = —4.86 days; 95 % CI —9.33 to —0.39; P =
0.03), and there was a non-significant reduction in post-
operative pain on days 1 (WMD = —0.80; 95 % CI —1.60
to 0.01; P = 0.05) and 3 (WMD = —0.89; 95 % CI —1.77
to —0.01; P = 0.05).
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Conclusions TVC is safe when performed by appropri-
ately trained surgeons and may be associated with a faster
return to normal activities and decreased postoperative
pain.
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Since the first clinical description of hybrid transvaginal
cholecystectomy in 2007 [1], the concept of natural orifice
translumenal endoscopic surgery (NOTES) has gained
widespread publicity. Theoretical advantages of NOTES
include decreased post-operative pain and morbidity such
as wound infection and incisional abdominal wall hernias,
as well as improved cosmesis. The idea of performing
scarless surgery has appealed to many clinicians as the
ultimate step in the evolution of minimally invasive
abdominal surgery; however, these techniques have not yet
reached widespread clinical adaptation. This is not only
partly related to concerns regarding disinfection [2] and
reliable closure of any potential enterotomy for transgastric
or transcolonic NOTES [3] but also due to the fact that
technological evolution of surgical tools and platforms is
yet to catch up with our ideological innovation. Despite
this, even complex abdominal interventions such as
NOTES pancreatectomy have been shown to be feasible in
the animal model [4] and pure NOTES procedures (with no
trans-abdominal assistance) in humans, such as appendec-
tomy [5] and ventral hernia repair [6], have been reported
from specialist centers.

Due to the established safety of colpotomy as an access
route transvaginal hybrid cholecystectomy is currently the
most commonly performed clinical application. Publica-
tions of large patient series and case registries [7, 8] [9]
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have suggested transvaginal hybrid NOTES cholecystec-
tomy (TVC) to be a safe procedure when performed by
appropriately specialist minimally invasive surgeons in
selected centers. There are now a number of randomized
controlled trials and comparative studies comparing con-
ventional laparoscopic cholecystectomy (CLC) with TVC.
The aim of this systematic review and meta-analysis is to
compare safety and clinical outcomes of CLC with TVC
for the treatment of benign gallstone disease.

Methods

An electronic search was performed using Embase,
MEDLINE, Web of Science and Cochrane Library (Issue
1, 2014) databases from 2000 to 2014. The search terms,
‘laparoscopy’, ‘cholecystectomy’, ‘transvaginal’, ‘natural
orifice translumenal endoscopic surgery’, ‘NOTES’, and
medical subject headings (MeSH) terms ‘Laparos-
copy’(MeSH), ‘cholecystectomy’(MeSH) and ‘natural ori-
fice endoscopic surgery (MeSH) were used in combination
with Boolean operators AND or OR. Two authors per-
formed electronic searches independently in January 2014.
The reference lists of articles obtained were also searched
to identify further relevant citations. Finally, the search
included the Current Controlled Trials Register (http://
www.controlled-trials.com) and the Cochrane Database of
Controlled Trials. Abstracts of the citations identified by
the search were then scrutinized by two of the authors to
determine eligibility for inclusion in the pooled analysis.

Publications were included if they were randomized
controlled trials or comparative studies in which patients
underwent either transvaginal or conventional multiport
laparoscopic cholecystectomy and reported one of the out-
come measures identified below. Studies were excluded if
they were non-comparative or compared transvaginal cho-
lecystectomy (TVC) with single-incision laparoscopic cho-
lecystectomy and no reference to conventional multiport
cholecystectomy (CLC). Standard three or four-port lapa-
roscopic cholecystectomy was used as the experimental arm
in the majority of studies, with ports most commonly placed
in the epigastrium, right upper quadrant, right middle
quadrant and infra-umbilical region. Transvaginal chole-
cystectomy was most commonly performed as hybrid pro-
cedure with an infra-umbilical camera port placed for safety
to ensure no intra-peritoneal injury of the transvaginal port
and for deployment of the laparoscopic clip applicator.

Primary outcome measures were total postoperative
complications, bile duct injury, Clavien—-Dindo grade II
and III complications. Secondary outcome measures were
operative time (min), length of hospital stay (days), pain
score on postoperative days 1 and 3, and return to normal
activity.

@ Springer

Statistical analysis

Data from eligible trials were entered into a computerized
spreadsheet for analysis. Statistical analysis was performed
using RevMan 5.2 (Review Manager version 5.2). Pooled
odds ratios (POR) were calculated for the effect of trans-
vaginal cholecystectomy (TVC) on discrete variables such
as total complications, incidence of bile duct injury, Cla-
vien—Dindo grade II and III complications. Weighted mean
differences (WMD) were calculated for the effect of TVC
on continuous variables such as operative time, length of
hospital stay, postoperative pain score day 1 and day 3, and
return to normal activity. All pooled outcome measures
were determined using random-effects model as described
by DerSimonian and Laird [10]. Heterogeneity among
trials was assessed by means of the J* statistic. Statistical
significance was assigned when the P value was <0.05.

Results

The literature search identified 14 publications [11-24] that
met the inclusion criteria for this pooled analysis. Figure 1
shows the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) flow diagram for the litera-
ture search. In total 1,145 cholecystectomy operations were
included, 530 by TVC and 615 by CLC. Table 1 describes
the method of TVC employed in each study included.
Patient demographic data and indication for cholecystec-
tomy are described in Table 2 where available. Tables 3
and 4 outline the main outcomes from each study.

Primary outcome measures
Total postoperative complications (Fig. 2)

Thirteen studies reported the incidence of postoperative
complications [11-22, 24]. In total 5.6 % of patients in the
TVC group developed a postoperative complication com-
pared with 7.5 % in the CLC group. Pooled analysis
showed no significant difference between the groups in the
incidence of postoperative complications (POR = 0.68;
95 % CI 0.40-1.14; P = 0.14). There was no evidence of
statistical heterogeneity (I* = 0 %).

Bile duct injury (Fig. 3)

Thirteen studies reported the incidence of bile duct injury
[11-22, 24]. The incidence of bile duct injury was 0.6 % in
the TVC group and 0.4 % in the CLC group. Pooled ana-
lysis showed no significant differences between the groups
in the incidence of bile duct injury (POR = 1.33; 95 % CI
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Fig. 1 PRISMA flowchart—systematic search and selection strategy

0.31-5.66; P = 0.70). There was no evidence of statistical
heterogeneity (> = 0 %).

Clavien—Dindo grade Il complications (Fig. 4)

Thirteen studies classified complications by the Clavien—
Dindo grading system [11-22, 24]. The incidence of Cla-
vien—-Dindo grade II complications was 0.4 % in the TVC
group and 1.4 % in the CLC group. Pooled analysis
showed no significant difference between the groups in the
incidence of Clavien-Dindo grade II complications
(POR = 0.48; 95 % CI 0.14-1.60; P = 0.23). There was
no evidence of statistical heterogeneity (I = 0 %).

Clavien-Dindo grade III complications (Fig. 5)

Thirteen studies classified complications by the Clavien—
Dindo grading system [11-22, 24]. The incidence of Cla-
vien—-Dindo grade III complications was 1.5 % in the TVC
group and 2.4 % in the CLC group. Pooled analysis
showed no significant difference between the groups in the
incidence of Clavien-Dindo grade III complications
(POR = 0.63; 95 % CI 0.24-1.65; P = 0.34). There was
no evidence of statistical heterogeneity P =0 %).

Secondary outcome measures
Operative time (Fig. 6)

All 14 studies [11-24] reported the operative time for each
procedure; however, three studies [15, 18, 24] failed to
report standard deviations for the results and were therefore
excluded from the results. Pooled analysis showed the
operative time was significantly increased in the TVC
group compared to the CLC group (WMD = 14.81 min;
95 % CI 8.58-21.04; P < 0.00001). There was evidence of
significant statistical heterogeneity (I* = 100 %).

Length of hospital stay (Fig. 7)

Six studies reported the average length of hospital stay with
standard deviations and were included in the pooled ana-
lysis [11, 14, 15, 17, 19, 22]. Pooled analysis demonstrated
no significant difference between the groups in length of
hospital stay (WMD = —0.14 days; 95 % CI —0.45-0.18;
P = 0.40). There was evidence of significant statistical
heterogeneity (I> = 69 %).

Time to return to normal activities (Fig. §)

Four studies reported the average time taken to return to
normal activity [13, 14, 20, 21]. Pooled analysis demon-
strated the time to return to normal activities was signifi-
cantly reduced in the TVC group (WMD = —4.86 days;
95 % CI —9.33 to —0.39; P = 0.03). There was evidence
of significant statistical heterogeneity (I = 98 %).

Postoperative pain score on day 1 (Fig. 9)

Five studies reported the postoperative pain score on
day.11 [1, 12, 16, 20, 21]. Pooled analysis demonstrated a
non-significant reduction in postoperative pain on day 1 in
the TVC group (WMD = —0.80; 95 % CI —1.60 to 0.01;
P = 0.05). There was evidence of significant statistical
heterogeneity (I* = 90 %).

Postoperative pain score on day 3 (Fig. 10)

Four studies reported the postoperative pain score on day 3
[11, 12, 16, 21]. Pooled analysis demonstrated a non-sig-
nificant reduction in postoperative pain on day 3 in the
TVC group (WMD = —0.89; 95 % CI —1.77 to —0.01;
P = 0.05). There was evidence of significant statistical
heterogeneity (1> = 93 %).

@ Springer



2077-2090

Surg Endosc (2015) 29

2080

pawuodar JoN

pauodar JoN

pauodar 10N

pauodar 10N

SOLIOS [BOTUI[D
aAnadsold paziwopuel-uoN

Apmys
aaneredwos aandadsonay

Apmys
[eUONEAISSqO 9A}OdS0I]

Apnys
Po[[0NU02-2sED dAT)ddsONdY

[eLn paput[q-uou
‘paznwopuel ‘9A10ddsolq

Apnis-1104od payorej

[e11) Pa[[ONUOD
POZIWOPUEI ‘PUI[q-d[qno

(pazrwopuelx
-uou) pa[jonuod 2Anddsorg

0¢

VL

0T

9

0s

0C

96

0¢

Ly

0S

0T

S6

dqe[reAe JON

(uonensueLn

aaoxdur 0y

QSBD QUO Ul Pasn I1ed0x)
wuw g [euonippe duo) |

dqe[reAe JON

(I-1 40D 1

1l

111D % S6) €1

Jqe[reae JON

A[reurSeAsuen J1 JOBNXS PUB I9ppe[q[[e3 oY) Jururejuod

Seq onserd ayy 2so[d 03 pasn axom 2dodsopud ay) jo [euueyd Junerado

oY) ySnoayy ssed rey) sdooroy odK) y1e9) asnoyy, “(Adesoyjopuo

sndwk[Q) |, zdioyonQ “dipo ordoosopua yim pajest 1onp

pue £10)I18 o1SKD) “T8001) SIY) YSNOIY) peonponul sem 2doosopua-0apia

[ouuBYD [qNOP © puk ‘XIuIo} se[Sno Yy ySnoiy) Aaed [eauourad oy
I9JU 0] PAONPONUI 1801} [eUISEA "WNOUOILIAd $SAIOA [edI[IquIn :pLUAH

uoneuAWNISUl JuoAssIp
105 310d Suryiom e se pasn 110d [eSI[IqUINEIUT WW-G PUE UOTIORIAI I0]
[Tem J9ppe[qIes oy ySnoayl pade[d a1om saImins [eurtiopgesues) a1oul
10 221y [, "19ppe[q[[es ay) asodxa 0) pasueApe pue vuiSeA oyl ysSnoy)
s1A[ad oy ojut payrdsur adodsopua I[qQIxaL “A[[euISeAsuen $s900R
9Jes ued 0) eIdWED J0J A[[entur pasn 1od [edIIquneIjul wu-g :pLUqAH
Ie001) SUnjIom
SB Pasn JoYlINJ sem JeJ0I) W-G [BII[IqUINEIJUL Y], "1ed01} AWO0)0op[No
ww-(| Y} ySnoay) erowed wuw-()| & 0) paSueyd uay) eIowed
[ed1[IquINeIjul Ww-G "AWojop[nd J[qnop e y3noiy) A[eurseasuen
‘UOTIBZITENSTA 1O2IIP Iopun padnponur sdooroy ordoosoredey
Ww-G pue Iedol Ww-(] udy], ‘wnauojuadoudes jo uoneard
pUE IBJ0I) JO UONONPONUI JOJ UOISIOUI [BII[IqUINEIJUT W-G :PLqAH

Jnea Joudsod ysnoay

12dse13 Suof pue ‘erowred ordossoredersordossopud 1oy payresur Jod

[eurSeasuei], ‘1od siy) 4Snoay) pasn JuSWNISUL JUNIISSIP USY) ‘SSIOJB
[euISeASURT) 9Jes QINSUd 0) pasn A[[eniul 1od erowed [edjiqun :pLUqAH

A19)1e pue 1onp onsAd Jo uonedI| 10J sNOIIqUIN Y} YINOIY) dONponUl

Joredrdde dipoejow axgnnw ww-g yod ww-(| Ay} 0) Juadelpe

ynea totrdysod ySnoxy 1adsers juaq Suop pue ‘( a4e opug sndwk[Q)

adoosorede| .G Suo| wo-g Joy payresur Jiod wiw-(] [eurSeasuel],

110d s1y) YySnoxyy pasn juswnnsulr SunodISSIp UAY) ‘Ss90J8 [eUISEASURT)
9Jes 2Insud o) pasn Affeniur yjod erowed [edI[IqUIN WW-G pLqLH

K19)1e pue jonp o1sAd Jo uonesi 10§ snoIIquIN Y} YSNoIy) donponul

101e01[ddR dipovjow arynnw wuwi-g 1od ww-()] ) 03 Jjuddelpe

ynea Jotdsod ySnoxy sodsers juaq Suof pue ‘( 94e opug sndwk[Q)

adoosorede| G Suo| wo-g 1oy peyresur jiod wiw-(] [eurSeasuel],

"110d sty ySnoay) pasn judwunnsur SurjodsSIp Uay) ‘ssa0oe [eurSeasuer)
9Jes dInsud 0] pasn A[reniut 1od eIoWed [RIIIqUN WW-G :PLUQAH

A19)1e pue jonp ons£d o uoneSI[ 10§ SNOIqUIN Sy YSNoIy) onpoxur

J03eo1dde dipoejowr axynnw wui-¢ Jod ww-z] Ay 03 juadelpe

jnea Joudysod ySnoayy sadsesd jueq Suoj pue ( @o%u opug sndwA|Q)

adoosorede| G Suo wo-gy 103 parrasul iod ww-g| [eurSeasuel],

110d s1y) ySnoxyy pasn juewnnsur SUrOSSIp U} ‘SSI00L [eUISLASURT)
9Jes 2Insud 01 pasn A[feniur 1jod eIowed [edI[IquIn Wi-G pLqAH

A1911e pue 1onp o1sAd Jo uonesi| 10J snIIIquIN Y} YINOIY) dONpoLuUl

Joredrdde dioejow axgnnu ww-g od ww-(| Yy} 03 Juadelpe

ymea totrdysod ySnoxy) 1adsers juaq Suof pue ‘(a4e opug sndwi[Q)

adoosorede| .G Suo| wo-g4 Joj peyresur Jiod wiw-(] [eurSeasuel],

110d s1y) YySnoxyy pasn juswnnsul SunodssIp UAY) ‘Ss90J. [eUISEASURT)
9yes 2Insud 0} pasn A[feniur yjod eIowed [edI[IqUIN WW-G pLqLH

[61] oxn) pue eronSoN

[L1] "Te 30 e1rRARN

[91] Te 10 uerry

[S1] T8 10 [osusy

[€1] 'Te 10 ueing

[¥1] T8 10 uelng

[21] T 1 1oyotog

[11] "Te 10 1oyo10g

uado 01

21D
SUOTSIOAUOD)

o1
01 DAL SUOISIOAUOD)

uSisop Apms

O710)
ou 1d

(OAL)
ou 1d

,STe00N [euIIOpqe
snoaueinorad
JOON

Aw0309)s£09[0yd [euISeASURI) JO POYIRN

uoneaIqng

uS1sop Apns pue Awo0)09)sAd9[oyo [eurSeasuer) 10) pakojdwe onbruyoo], [eo1Sing T d[qe]

pringer

A's



2081

2077-2090

Surg Endosc (2015) 29

Pajels sso[un ueowl Se pajuasald

[BAIIUT QOUSPYUOD 9% G [D % §6 @3uel dmrenbidur Yoy

pauodar JoN

0

pauodar 10N

Apnys aaneredwo) 001

Apms aaneredwo) L9

Apms [0nu0d-asB) 0¢

Apnys 11040d 2Andadso1g +1

souds aAneredwo) L

Apms pazrwopuel 9A103dsolq 0C

001

89

0€

I

0T

18501} WW G—7
[eurwIopqe [eUONIPpE
paxmbar soses §

Jqe[reAe JON

MITA [ONLID
QAJIYIE 0} J9pIO

ul SI1e001) [RUONIPPE

pannbar syuoned om],

d[qe[reAe JON

(TD1

papnpour
suod [euonippe oN

A13)1e pue 1onp onsAd Jo uonesI| 10§ SNOIIqUIN Y} YINOIY) ONponuI

J03eo1dde diporjow axynnw wuwi-¢ Jod ww-(] Ay 03 juadelpe

jinea Joudysod ySnoay) radseis juaq Suof pue A@o%o opug sndwA[Q)

adoosorede] G Suo] wo-g4 J0j payresur J1od wiw-()] [eurSeasuei],

110d s1y) Y3noay) pasn juawnnsul JunodssIp UdY) ‘ssa0J. [eUISeASURT)
9Jes 2Insud 01 pasn Affeniur 1jod eIowed [edI[IquIn Wl-G pLqAH

A19)18 pUE 1onp dNSAD AY) JO UONOASULI) pue

Surddipo 03 Joud paure)qo sem MIIA [BONLID AINSUS O) PUB UONOLIAL

10J [[em Ioppe[q[[es ay) ySnoxy) paded a1om saImns [eurwiopqesueI)

om], ‘paziin sem adoosopuo Suof pa[Sue G WW-()] B SIY) SUIMO[[0]

10d [eDITIqUIN AY) WOIJ UONBZI[ENSIA J09IIP JOpUN XIuIoy Jouaisod oy
ySnoay) paonponut od ww-g| ‘winduojuad ssaroa [edriqun :puqAq

A1911e pue jonp d1sAd Jo uonesi 10§ sndIIquIN Y} YINoIy) donponul

103e01ddR dipovjow arynnw wui-g 1od ww-()] Ay 0) Juddelpe

ynea Jotrdysod ySnoxy sodsers juaq Suof pue ‘( 24e opug sndwk[Q)

adoosorede| G Suof wo-gy 103 parrasul od ww-Q] [eurSeasuel],

10d s1y) ySnoxyy pasn juswinnsur SunoIsSIp UAY) ‘SSA0JE [RUISEASULT)
Qyes 2Insud 0} pasn A[feniur y1od eIowed [edI[IqUIN WW-G PLqAH

A19)1e pue 1onp d1SAD AY) JO UOIOASURT) puw

Surddipo 01 Jord paure1qo sem MIIA [BONLID SINSUS 0] PUBR UONORIIAL

10 [[em Joppe[q[res ) ySnoxyy paoed o1om saImns [EUIIOPESUBL],

‘pazin sem 2dodsopu? Suof pa[Sue G Ww-(] B SIY) SUIMO[[O]

0d [e21[IqUIN Y} WO UOTBZI[BNSIA 1031IP 19pun X1uioj Jouaisod ayy
ysnoxy) paonponut 1od wiw-g| "wnouojtad SsaIoA [edlfiquin :pLgAq

A19118 pue jonp dNsAd Y )T 0) pasn drom
y0d esriqun oYy ySnoayy parjdde sdipo ordoosorede] *sdijo Sururejor
-J1es Suisn [[em [eurwopqe JoLdUE Ay} 0) JAppe[qes ay) puadsns o)
110d ordoosoredey [eoriquin Yy ySnoayy pakordop sem ([9vIS] ‘ARSSIA

‘51104 [eNMIA) QEIDOPUH WRISAS UONORIAI [BUINUI UY "PIIdsul
(ueder ‘oAyog, ‘sndwk[Q {09].Lg) 2doosonses o[qrxoy [ouueydo
-fenp pue pauriojred Awojodjo) ‘winouojurad ssa1ea [esriquin :puqAq

A[reurdeAsuen 1 JovIX2 pue Ioppe[q[[es oy} Sururejuod

Seq onserd ay) 25015 03 pasn aram adoosopua Yy Jo [euueyo Junerado

o) ySnoayy ssed yeyy sdooroy odK) y1e9) asnoyy, “(Adesoyjopuo

sndwi£Q) |, zdioyong ‘dipd ordoosopua ym pajesi| Jonp

pue K1011e o1sAD “Ied01) SIY) Y3noly) paonponur sem 2dodsopua-0dpIa

[SUUBRYD 9[qNOP B puk ‘XIuIoj se[3no oyl ysnoxyy Araed [eouoitod oy
J9JU 0] PAONPONUL Jd01) [eUISEA "WNOU0ILIAd $SAIOA [edI[IquIn :pLGAH

[+2] 'Te 10 Sruioz

[Tl 'Te 10 poopy

[zl

‘Te 319 WazZaoyg uap ueA

[12] 'I¢ 1 uowo[og

[0Z] ‘Te 30 sojueg

[81] ‘T 10 e1onSoN

uado 01

o1
SUOTSIOAUOD)

og ]
0] DAL SUOISIOAUOD)

(010)
udisop ApmS§  ou g

(OAL)
ou 1

+SIBO0IN [RUILOPqE
snoaueinorad
JO ON

Aw0199)s£9910yd [eUISEASURT) JO POYIRIN

uoneoTand

ponunuod T dqe],

pringer

A



Surg Endosc (2015) 29:2077-2090

2082

S3uel pue UBRIPA]

oSuer onIenbIajuj/[BAINUI 9OUIPYUOD 9 GG PUE UBIA

pay1oads ssopun (93uel) ueaw Io (S F uedW St pajuasald so[qeLIeA snonunuo))

(% 21 T1 (% 2D Tl - - (0¥—81) 92 (s¢—91) 92 (9.-91) 0§ (9.-91) 6% [+2] “Te 10 S0z
payoads JoN - - A£96-8°60) 1€ (8'7€-60) €'6T 9l F It €L F I¥ [¢2] Te 30 poom
[cel

papnyoxe suNSAAOYd AMIY - - (0¥—07) LT (€¢-81) ST o0L—+0) 9% o(C9-81) T TE 10 WAZA0g UAP UEBA

papn[oxa snNSAOYd AMOY - - TTFYIC STF88C I't F §°6¢ € FSee [12] 'Te 3o uowojog

papnyoxa suNsAOYd> AMIY YL ‘€1 IR SF LT SF6C Tl F ve 9 F 8¢ [02] "Te 30 sojues

papn[oXa sHNSKII0Yd MY - - ¥LT S'LT TLY 9°0¥ [81] "Ie 30 e19n30N

payads 10N - - - - TSy LTy [61] "I& 30 e19n30N

payads 10N - - - o(LE-6DTE - 4(§9-91)Ts  [L1] oum) pue erreaeN

papnpoxe suNsAdR[OYd MDY CIII LI ‘T T ‘ST ‘61 o(€€-81)ST o(0€-00)9¢ o(T8-97)9¢ 4(£L-0€)0S [91] "Te 1o uerry

(% €D 9 (% €12 01 SOFIT YOF 6l LF 6T 9 F 8¢C 91 F ¥§ ST F 6F [ST] T8 30 [9suoH

papnyoxe snusAdAOYd AMOY T ‘TIAI ‘9T [:III ‘LTI ‘T Y F 8T TP F 18T 881 F S'Ly TSI F 8H¥ [¢1] e 10 uelng

papn[oXa sHNSKII[0Yd AINOY I ‘61 €CI ‘LTI (8¢—81) L'8T (8¢—L1) L'9T (SL—¥7) 8'8F (9L-T0) €9 [+1] Te 10 uerng

PopN[oXa sHNSAI[OYd ANIY L£T-0 TT €T TT 1€-82) 0€ «0€-LT) 6T «(85—06) ¥ 65-6%) ¥S [21] 'Te 10 waydIOg
papn{oul SISEII[0ISAOAOYd 61:111 4B

onewoldwks yim sjuaned ‘payroads 10N ‘CSI LT ‘6OI ‘6T 9C F LT 6V FILC TSI F LYS 97l F 6T [11] e 30 WoydIog

01 (OAL (u (u (s1eak) (s1e2A)
sunskoafoy) sunskoafoy) (D710 VSV (DAL VSV /) Q1) NG /3 (OAL 1IN (O1D) 98V (DAL) 93y uonedIqng

Apnis yoea woij Awo3od)sKo9[oyd Joj uonesrpur pue soryderSowap juoned g dqel,

pringer

A's



2083

Surg Endosc (2015) 29:2077-2090

saumfur jonp 9[iq 10} BLIDILID TIngseng ay) 0) SuIpIodde PayIsse[)

uonedr[dwos papeId opurg—uaIAr[) uoypIduiod J)H

0 €l SDL (AR 0 ¢ #0 T 90 ¢ (S0 19 (9°9) 92 (%) TV10L

T I € 0 (D1 0 S I [¥c] Te w Swiogz

0 0 [€2] Te 10 poom
[czl Te e

O O ﬁ O O O ﬁ O EDNOOM— Ev_u UeA
[12]

0 0 0 0 0 0 0 I ‘[e 39 uowojog

0 0 0 0 0 0 T I lozl Te 19 sojueg
[811]

0 0 I 0 0 0 4 I ‘e 10 v1on3oN
[611

0 0 0 I 0 0 0 I ‘e 10 e1onSoN
[L1] oxmD)

0 0 0 0 0 0 0 pue BlIRABN

I I 0 0 0 (@1 I I [91] Te 10 uerry

I 0 0 I 0 0 ¥ T [ST] 'Te 10 [esueq

I 4 I 0 0 W1 T ¢ [€1] Te 190 uerng

I I 0 0 (D1 0 T ¢ [v1] e 30 ueIng
[c1]

S I 0 0 0 0 ST €1 ‘Te 19 JdydIog
[11]

4 I T 0 0 W1 L C ‘[e 39 MaYdIog

Q71D I (OAD 11 O1D I OAD II L071D) «(OAL) (D'1D) suoneordwod (DALL) suoneordwod

uonesrdwods )

uoneordwos )  uonedsrdwod @)

uoneordwos )

Knfur jonp o[rg

Am(ur jonp on1g

aaneradolsod

aaneradolsod

uoneonqng

papnjour Apnis yoeo WOl SAINSBIW dWodNno Arewld ¢ dqe],

pringer

A



Surg Endosc (2015) 29:2077-2090

2084

93uer onaenbisjuye3uer pue ueIpojN q

oSuer o[nIenbIojul/[EAISIUI 9OUSPYUOD 9, GG PUE UBN

Kep aaneradojsod O ‘SenIATIOB [BULIOU 0) UINJAI 0) W) YAYZ ‘Aeis reydsoy jo yiSudl SO7

payroads ssofun (93uer) ueaw Io (IS F ueow Se pAuasald sd[qeLieA Snonunuo))

- - - - - - - - S¢ s [ve] T8 1 Swioz
- - - - - - - - (LS—S¢E) S¥ o(SL-1S) 679 [€T] "Te 12 poom

[zel Te e
- - - - - - 0F1 0F1 o(SL—80) 91 o(L8—¥¥) 09  wazdog uop ueA

[12]
COF LY LOF 6T ¥YOF LS SOF IV T FIPI STF+9 - - 6€F €T 6'€F LY Te 39 uowojos
- - €FO9 TFC TF ¢V TFC - - 1T F 89 6C F 291 [0zl Te 10 sojueg
- - L'y 6'¢ - - Ly 679 [81] & 10 vIONZON
- - - - - - (€-0) 80 (z-0) 80 (68-0¢) €9t 0T1-0v) $°69 [61] e 30 v1onsoN

[L1]
- - - - - - (-1 > (D> (09-52) oF (SL—C¥) 9 omm) pue elreABN
(DT 1) ST 6D € (DT - - LT ¥ JT1-9) € o(SET—6€) SS 4(86—S€) 89 [9T1] T 10 wery
- - - - - - 1% € 09 Sy [ST] Te 10 [esueH

«(STI-59)
- - - - (I1-9) 9 S'S «(TC (0T o(T9-9%) S¥¢ a(99-2v) 05 [€1] T8 10 weIng
- - - - 06—0) v'¥1 O1-0) ¥'S 7€ LT (78750 8L (0S1-9¢) 8L [¥1] 'Te 32 uerng
LLTTD (97T
9T F ¢l 60F 80 I F oI STFLI - - ' ' (19-8%) S¢S «(€8—99) S, [T1] 'Te 10 moyatog
60F L0 80 F €0 LTFC 61 F 81 - - (L-1) 8T (L-0) 8T (891-62) T+9 (#02-22) 1°59 [11] Te 30 Moyot0og
O10) (OAL O10) (OAL (sKep) (sKep) (skep) (skep) (urw) (OT1D) (urw) (DAL

€dodured ¢dodurd [@Odured [ dodured (OTD) VNIL OAL VNIL (OT10) SOT (OAL SOT s danesedQ s daneIadQ uonedrqng

papnpour Apnys yoea I0J SAINSLAW SW0INQ AIEPU0IAS IR,

pringer

A's



Surg Endosc (2015) 29:2077-2090

2085

TVC CLC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Borchert 2012 13 41 15 51 259% 1.11[0.46, 2.72] ——
Borchert 2014 2 95 7 96 19.3% 0.27 [0.06, 1.35) — &
Bulian 2013 2 20 2 20 5.1% 1.00[0.13, 7.89]
Bulian 2014 2 50 2 50 54% 1.00[0.14, 7.39]
Hensel 2012 1 47 4 46 11.2% 0.23[0.02, 2.12)
Kilian 2011 1 15 1 20 2.3% 1.36 [0.08, 23.61) v
Navarra 2010 0 6 0 74 Not estimable
Noguera 2009 1 20 0 20 1.3%  3.15[0.12, 82.16)
Noguera 2012 1 20 2 20 5.4% 0.47 [0.04, 5.69) =
Santos 2012 1 7 2 7 49% 0.42 [0.03, 6.06] =
Solomon 2012 1 1 0 14 1.1% 4.14[0.15, 112.06) * ’
van den Boezem 2014 0 30 1 30 4.2% 0.32 [0.01, 8.24) -
Wood 2014 0 68 0 67 Not estimable
Zomig 2011 1 100 5 100 14.0% 0.19 [0.02, 1.67) .
Total (95% Cl) 530 615 100.0%  0.68 [0.40, 1.14] il
Total events 26 41 . . | .
Heterogeneity: Chi? = 7.58, df = 11 (P = 0.75); I = 0% 'o.m 0:1 ] 1-0 100'

Test for overall effect: Z = 1.48 (P = 0.14)

Favours [experimental] Favours [control]

Fig. 2 Forrest plot showing no significant difference between the groups in the incidence of postoperative complications

TVC CLC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Borchert 2012 0 41 0 51 Not estimable
Borchert 2014 1 95 0 96 20.3% 3.06 [0.12, 76.15] =
Bulian 2013 1 20 0 20 19.7% 3.15[0.12, 82.16) -
Bulian 2014 0 50 1 50 20.1% 0.33[0.01, 8.21] =
Hensel 2012 0 47 0 46 Not estimable
Kilian 2011 1 15 0 20 19.6% 4.24 [0.16, 111.65] & »
Navarra 2010 0 6 0 74 Not estimable
Noguera 2009 0 20 0 20 Not estimable
Noguera 2012 0 20 0 20 Not estimable
Santos 2012 0 7 0 7 Not estimable
Solomon 2012 0 1 0 14 Not estimable
van den Boezem 2014 0 30 0 30 Not estimable
Wood 2014 0 68 0 67 Not estimable
Zormig 2011 0 100 1 100 20.3% 0.33[0.01, 8.20] bl
Total (95% CI) 530 615 100.0% 1.33 [0.31, 5.66] et

Total events 3 2
Heterogeneity: Tau? = 0.00; Chi* = 2.46, df =4 (P = 0.65); I = 0%
Test for overall effect: Z = 0.39 (P = 0.70)

100

001 0.1 10
Favours [experimental] Favours [control]

Fig. 3 Forrest plot showing no significant difference between the groups in the incidence of Bile duct injury

Discussion

Whilst it is clear that complex NOTES operations remain
too technically challenging using currently available
operating platforms, hybrid procedures have gained pop-
ularity with the aim of capitalizing on some of the ben-
efits of decreased invasiveness. Although large case series
have demonstrated TVC to be relatively safe, there has
been a lack of high-powered comparative studies. With
the introduction of novel surgical techniques, safety has to

remain of paramount importance and any procedures have
to be performed under ethically approved trial protocols
by adequately trained surgeons. Importantly therefore, this
meta-analysis demonstrated no significant differences in
post-operative complications (including by Clavien—-Dindo
grades II & III) or rate of bile duct injury between CLC
and TVC. It is important to recognize that the incidence
of bile duct injury is low in CLC and very large numbers
of patients would be required to demonstrate a statistical
difference, nevertheless it is reassuring to see no

@ Springer
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TVC CLC Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Borchert 2012 0 41 0 51 Not estimable

Borchert 2014 0 95 2 96 15.5% 0.20 [0.01, 4.18] ¢ L

Bulian 2013 0 20 1 20 13.6% 0.32[0.01, 8.26] =

Bulian 2014 0 50 0 50 Not estimable

Hensel 2012 1 47 0 46 13.8% 3.00[0.12, 75.56) =

Kilian 2011 0 15 0 20 Not estimable

Navarra 2010 0 6 0 74 Not estimable

Noguera 2009 1 20 0 20 13.6% 3.15[0.12, 82.16) =

Noguera 2012 0 20 1 20 13.6% 0.32[0.01, 8.26) .

Santos 2012 0 7 0 7 Not estimable

Solomon 2012 0 11 0 14 Not estimable

van den Boezem 2014 0 30 1 30 13.7% 0.32[0.01, 8.24] =

Wood 2014 0 68 0 67 Not estimable

Zornig 2011 0 100 3 100 16.3% 0.14[0.01,2.72) ¢ o

Total (95% Cl) 530 615 100.0% 0.48 [0.14, 1.60] s

Total events 2 8

Heterogeneity: Tau? = 0.00; Chiz = 3.70, df =6 (P = 0.72); I?= 0% 50.01 051 : 1*0 100‘

Test for overall effect: Z=1.19 (P = 0.23)

Favours [experimental] Favours [control]

Fig. 4 Forrest plot showing no significant difference between the groups in the incidence of Clavien—-Dindo grade II complications

TVC CLC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Borchert 2012 1 41 5 51 19.7% 0.23 [0.03, 2.05] - =1
Borchert 2014 1 95 2 96 16.2% 0.50 [0.04, 5.61] -
Bulian 2013 2 20 1 20 15.3% 2.11[0.18, 25.35) =
Bulian 2014 1 50 1 50 12.0% 1.00 [0.06, 16.44)
Hensel 2012 0 a7 1 46 9.1% 0.32[0.01, 8.04] .
Kilian 2011 1 15 1 20 11.6% 1.36 [0.08, 23.61] o
Navarra 2010 0 6 0 74 Not estimable
Noguera 2009 0 20 0 20 Not estimable
Noguera 2012 0 20 0 20 Not estimable
Santos 2012 0 7 0 7 Not estimable
Solomon 2012 0 11 0 14 Not estimable
van den Boezem 2014 0 30 0 30 Not estimable
Wood 2014 0 68 0 67 Not estimable
Zomig 2011 1 100 2 100 16.2% 0.49 [0.04, 5.55] .
Total (95% CI) 530 615 100.0% 0.63 [0.24, 1.65] e
Total events 7 13
Heterogeneity: Tau? = 0.00; Chi* = 2.36, df =6 (P = 0.88); I?= 0% =0_0 ” o:. " 3 110 ; 00=

Test for overall effect: Z = 0.95 (P = 0.34)

Favours [experimental] Favours [control]

Fig. 5 Forrest plot showing no significant difference between the groups in the incidence of Clavien III complications

significant difference between both groups in this meta-
analysis. As can be seen from Table 1, there were only a
total of 6 reported conversions from TVC to CLC. There
were five conversions from CLC to an open procedure in
the reported cases. Naturally if there is doubt regarding
safety during TVC these should at least be converted to
CLC however this low level of conversion in the TVC
group suggests that the technique is feasible and not
associated with too high a level of technical difficulty in
selected patient cohorts.

@ Springer

Despite evidence of significant statistical heterogeneity,
the operative time was shown to be significantly greater in
the TVC compared with the CLC group. This is likely to be
related to the increased number of surgical steps associated
with transvaginal cholecystectomy; however, there will
also be a learning curve seen in surgeons performing TVC,
as whilst the operative steps for cholecystectomy remain
the same the instrument ergonomics will differ. As with the
introduction of any novel technique, the operative time is
likely to decrease as surgical workflow is streamlined.
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TvC cLe Mean Difference Mean Difference
Study or Subgroup Maan [minutas] SD [mi 5] Total Mean [mi 5] SD[mi 5] Total Weight [V, Random, 95% Cl[minutes] IV, Random, 95% CI [mi ]
Borchert 2012 75 117 4 55 15 51 97% 20.00(19.34, 20.66] .
Borchert 2014 65.1 55 95 64.2 48 96 9.7% 0.90 [-0.56, 2.36)
Bulian 2013 52 2 2 543 16 20 97% -2.30[-3.42,-1.18] "
Bulian 2014 778 44 50 778 85 50 96% 0.00[-2.18, 2.18]
Hensel 2012 45 0 47 €0 0 46 Not estimable
Kilian 2011 67 32 15 70 41 20 96% -3.00 [-5.42, 0.58] b
Navarra 2010 65 22 6 40 24 74 96% 25.00(23.16, 26.84]
Noguera 2009 69.5 37 2 463 3 20 96% 23.20[21.11,25.29] *
Neguera 2012 649 0 20 47 0 20 Net eslimable
Santos 2012 162 29 7 €8 21 7 35% 94.00 [67.48, 120.52] —
Solomon 2012 67 39 1 423 39 14 95% 24.70(21.62, 27.78) -
van den Boszem 2014 628 27 30 488 28 30 97% 14.00 (12.61, 15.39] .
Woad 2014 628 24 68 46 23 67 97% 16.80[16.01, 17.59] .
Zomig 2011 52 0 100 35 o 100 Ne! estimable
Total (35% CI) 530 615 100.0% 14,81 [8.58, 21,04] L 2
@ . S P _ s | | . .
Haterogenaity: Tau? = 103.81; Chi? = 2120.86, df = 10 (P < 0.00C01); 12 = 100% Qo 20 ) 100

Tast for ovorall effoct: Z = 4.66 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 6 Forrest plot showing the operative time was significantly increased in the TVC group compared to the CLC group (WMD = 14.81 min;

95 % CI 8.58-21.04; P < 0.00001)

TVvE CLC Mean Difference Mean Difference
Study ar Subgraup Mean [days] SD[days) Total Mean [days] SO [days] Total Weight IV, Randam, 35% CI [days] IV, Randem, 95% CI [days]
Dercher 2012 2.4 0 41 24 03 51 35.0% 0.00[-0:20, 020}
Herchert 2014 28 08 98 28 1 8 % 040027, 027)
Hullan 2043 Z 4] 20 Z { 0 Mot estmakie
Bulian 2014 27 Q 50 34 a 50 Nct astmalie
Hangel 2012 3 0 47 4 0 46 Mot estemalie
Kilan 2011 5.3 12 1§ 6.8 16§ 20 9.1% -1.80 [-2.43,-0.57) -
Kavama 2010 )} a i 0 0 74 Mct astmatile
Kaoguera 2009 08 DS 20 na 07 20 245% 040 [-0.40, 0,40 ¥
Raogusra 2012 0 Q 20 0 a 20 Nt astmalie
Santos 2012 0 0 7 0 0 7 Mot astmable
Sclcman 2012 0 0 1n 0 0 14 Nct ostmatie
van den Banzem 214 1 a a3 1 a Net astmabilo
Vicad 214 o a &8 0 0 &7 Not astmabis
Zarag 2011 0 Q100 i} 0 100 Mot astrnalie
Total {95% CI) 530 615 100.0% -0.14 [-0.45, 0.18] 1
Hataragennlty: Tau® = 0.006; Chit=9.7%, df = 3 (P = 0.02); It = &3% i~ t x i 0

Tast lor cuerall offecs Z = 0.84 (P =0,40)

Favours [oxparimental]  Favaours [b:mlral]

Fig. 7 Forrest plot demonstrating no significant difference between the groups in the length of hospital stay

Furthermore there was a decreased time to return to normal
activities in the TVC group although again there was sig-
nificant statistical heterogeneity seen amongst the studies,
and there was a non-significant reduction in post-operative
pain on days 1 and 3. These results clearly need to be
interpreted with caution; however, pain is widely known to
correlate with return to normal activities and it is also the
authors’ observation from a local case series that the vag-
inal incision is associated with very limited post-operative
discomfort.

Although pooled analysis showed no difference in
length of stay, it is important to consider that local clinical
governance and reimbursement arrangements may be a
significant contributing factor to this, which is exemplified
by the lack of ambulatory cholecystectomy procedures in
Germany, largely driven by financial incentives. This may

therefore not be an optimal clinical end-point particularly
when pooling results from several countries.

Due to the novelty of the TVC technique and the lack of
operative standardization, there is some heterogeneity
between the studies in relation to operative techniques and
trans-abdominal assistance, as demonstrated in Table 1;
however, the majority of studies used a 5-mm umbilical
incision for initial laparoscopic visualization and deploy-
ment of a laparoscopic clip applicator. This step is
important as flexible endoscopic clips have yet to prove
reliable for closure of the cystic duct.

Colpotomy for peritoneal access has been proven to be
safe from large case series in the gynaecology literature
with no significant sequelae on sexual function [25]. Sev-
eral studies in this meta-analysis reported no dyspareunia
or difference in return to sexual activity between TVC and

@ Springer
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TVE CLC Mean Difference Mean Differance
Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Randam, 35% CI [days] IV, Random, 95% CI [days]
Berohert 2012 0 0 41 0 0 51 Mot estmable
Berchert 2014 0 a0 95 0 0 4B Nct estmatbie
Bullan 2013 6.8 15 20 15 11 a 254% -0,/0[-1.42,012] ]
Bulian 2014 54 2 50 144 47 50 25.0% 001042, -758) Hi—
Hangel 2012 0 0 47 0 0 46 Nut estrabie
Kifan 2011 0 0 15 0 0 2 Nct ostmabile
Navama 2010 0 a 6 0 o Nct astmatie
Naguera 2009 )} [ 0 a Net estmabie
Noguera 2012 0 o 20 0 a 20 Not estralie
Santos 2012 2 2 7 4 2 T 243% -2.00[-1.10,0.10 ——
Sclcman 2012 64 15 11 141 14 14 252% .70 [9.06, .6.55) —
van don Banzem 214 [} a 3 0 a i Net astmakio
Vicod 2014 n a &8 0 0 &7 Not astmalis
Zomg 2011 0 o 100 0 0 100 Nt estimslie
Total (85% CI) §30 615 100.0% 4.86[9.33,-0.30] e
Hatoragenatty: Tau? = 20.30; Chit = 154.07, df =3 (P < 0.00001}; 1:= 8% F 0 ~;5 . .l_' 1 l)l

Tastfoe oversll et Z= 213 (P = 0.03)

Favours |exparimental]  Fawaurs [&.nnlrol]

Fig. 8 Forrest Plot demonstrating the time to return to normal activities was significantly reduced in the TVC group (WMD = —4.86 days;

95 % CI —9.33 to —0.39; P = 0.03)
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Fig. 9 Forrest plot demonstrating a non-significant reduction in postoperative pain on day 1 in the TVC group (WMD = —0.80; 95 % CI —1.60

to 0.01; P = 0.05)
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Fig. 10 Forrest plot demonstrating a non-significant reduction in postoperative pain on day 3 in the TVC group (WMD = —0.89; 95 % CI

—1.77 to —0.01; P = 0.05)
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CLC groups [11, 14, 18, 22, 24] and this was objectively
evaluated through item 26 of GIQOL questionnaire [11] as
well as the German version of Female Sexual Function
Index (FSFI-d) [14] with no differences shown between the
groups. In one study [20], evaluation using a sexual func-
tion questionnaire showed worse sexual function at
3 months post-operatively in the TVC group in 2 of 7
domains; however, this was thought to be related to the fact
that 86 % of patients in their TVC group were not sexually
active compared with 0 % in the CLC group.

Quality of life was objectively evaluated in three studies
[11, 13, 20]. Brochert et al. [11] showed no difference in
SF36 and GIQOL scores between the groups and Santos
et al. [20] showed no difference in SF36 scores; however,
Bulian et al. [13] showed a significantly better GIQOL
score in the TVC group. Due to the low morbidity of the
intervention in the long-term, quality of life evaluation is
not likely to be significantly different however trials
comparing short-term quality of life perceptions are cur-
rently lacking.

One clear advantage of TVC is cosmetic appearance and
this was reported in three studies [13, 14, 22] all showing
significantly better perception of cosmesis in the TVC
group and v den Boezem et al. [22] reported significantly
higher scores for both body image and cosmetic subscales
in a validated body image questionnaire.

There are some limitations to this meta-analysis. There
is heterogeneity in study design and therefore quality of the
comparative studies that were included as indicated in
Table 1. Although there was one prospective, double-blind
randomized controlled trial [12] and two prospective non-
blinded randomized trials [13, 18] the other studies were
prospective cohort or case-controlled studies which will
inherently introduce the possibility of selection bias and
lower level of evidence. Furthermore, these trials have also
been conducted in centers of excellence in minimally
invasive surgery by very skilled surgeons who often have
many years of experience in laparoscopic surgery and have
undertaken significant simulator, bench-top and animal
training prior to embarking on the first human studies,
which is likely to have an effect on applicability of the
results. Importantly the majority of studies included in this
pooled analysis excluded patients with cholecystitis, and
focused on patients with benign non-inflamed gallstone
disease. Therefore, the applicability of a transvaginal
technique to cholecystectomy in more advanced gallstone
disease with inflammation remains to be determined and is
an important area for future assessment. Additionally,
quantification of the effect of medical co-morbidities upon
the outcomes of this meta-analysis would ideally be pre-
sented as a meta-regression; however, it was not possible to
provide this type of analysis due to heterogeneity in the

description and quantification of medical co-morbidities
within the studies included.

Despite these limitations, these data suggest that TVC is
safe in selected patient groups when performed by appro-
priately skilled surgeons with a similar morbidity and
complication profile to CLC. Furthermore TVC may be
associated with a decrease in post-operative pain and a
faster return to normal activities. Further standardization of
the operative technique will aid in the training and adop-
tion of TVC and allow for more meaningful comparisons.
Due to the paucity of high-quality data, there is a need for
larger multi-center randomized controlled trials to elicit the
true potential advantages of this technique.
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have read and approved the final manuscript.

References

1. Marescaux J, Dallemagne B, Perretta S, Wattiez A, Mutter D,
Coumaros D (2007) Surgery without scars: report of transluminal
cholecystectomy in a human being. Arch Surg 142(9):823-826
discussion 826-827

2. Sodergren MH, Pucher P, Clark J, James DR, Sockett J, Matar
N, Teare J, Yang GZ, Darzi A (2011) Disinfection of the access
orifice in NOTES: evaluation of the evidence base. Diagn Ther
Endosc 2011:245175

3. Sodergren MH, Coomber R, Clark J, Karimyan V, Athanasiou T,
Teare J, Yang GZ, Darzi A (2010) What are the elements of safe
gastrotomy closure in NOTES? A systematic review. Surg Innov
17(4):318-331

4. Gillen S, Kleeff J, Kranzfelder M, Shrikhande SV, Friess H,
Feussner H (2010) Natural orifice transluminal endoscopic sur-
gery in pancreatic diseases. World J Gastroenterol 16(31):
3859-3864

5. Chen YH, Wang DB, Tian Y, Wu SD (2014) Pure NOTES
transvaginal appendectomy with gasless laparoscopy. J Surg Res
186(1):179-183

6. Wood SG, Panait L, Duffy AJ, Bell RL, Roberts KE (2014) Pure
Transvaginal Ventral Hernia Repair in Humans. Surg Innov
21(2):130-136

7. Nijhawan S, Barajas-Gamboa JS, Majid S, Jacobsen GR, Sedrak

MF, Sandler BJ, Talamini MA, Horgan S (2013) NOTES
transvaginal hybrid cholecystectomy: the United States human
experience. Surg Endosc 27(2):514-517

8. Lehmann KS, Ritz JP, Wibmer A, Gellert K, Zornig C, Burghardt
J, Busing M, Runkel N, Kohlhaw K, Albrecht R, Kirchner TG,
Arlt G, Mall JW, Butters M, Bulian DR, Bretschneider J, Holmer
C, Buhr HJ (2010) The German registry for natural orifice
translumenal endoscopic surgery: report of the first 551 patients.
Ann Surg 252(2):263-270

9. Arezzo A, Zornig C, Mofid H, Fuchs KH, Breithaupt W, Noguera
J, Kaehler G, Magdeburg R, Perretta S, Dallemagne B, Maresc-
aux J, Copaescu C, Graur F, Szasz A, Forgione A, Pugliese R,
Buess G, Bhattacharjee HK, Navarra G, Godina M, Shishin K,
Morino M (2013) The EURO-NOTES clinical registry for natural

@ Springer



2090

Surg Endosc (2015) 29:2077-2090

10.

11.

12.

orifice transluminal endoscopic surgery: a 2-year activity report.
Surg Endosc 27(9):3073-3084

DerSimonian R, Laird N (1986) Meta-analysis in clinical trials.
Control Clin Trials 7(3):177-188

Borchert D, Federlein M, Ruckbeil O, Burghardt J, Fritze F,
Gellert K (2012) Prospective evaluation of transvaginal assisted
cholecystectomy. Surg Endosc 26(12):3597-3604

Borchert DH, Federlein M, Fritze-Buttner F, Burghardt J, Liers-
ch-Lohn B, Atas Y, Muller V, Ruckbeil O, Wagenpfeil S, Graber
S, Gellert K (2014) Postoperative pain after transvaginal chole-
cystectomy: single-center, double-blind, randomized controlled
trial. Surg Endosc 28:1886-1894

13. Bulian DR, Knuth J, Cerasani N, Sauerwald A, Lefering R,

14.

15.

16.

18.

Heiss MM (2013) Transvaginal/transumbilical hybrid-NOTES-
versus 3-trocar needlescopic cholecystectomy: short-term
results of a randomized clinical trial. Ann Surg. doi:10.1097/
SLA.0000000000000218
Bulian DR, Trump L, Knuth J, Cerasani N, Heiss MM (2013)
Long-term results of transvaginal/transumbilical versus classical
laparoscopic cholecystectomy—an analysis of 88 patients.
Langenbecks Arch Surg 398(4):571-579
Hensel M, Schernikau U, Schmidt A, Arlt G (2012) Comparison
between transvaginal and laparoscopic cholecystectomy—a ret-
rospective case-control study. Zentralbl Chir 137(1):48-54
Kilian M, Raue W, Menenakos C, Wassersleben B, Hartmann J
(2011) Transvaginal-hybrid vs. single-port-access vs. ‘conven-
tional’ laparoscopic cholecystectomy: a prospective observational
study. Langenbecks Arch Surg 396(5):709-715

. Navarra G, Curro G (2010) SILS and NOTES cholecystectomy: a

tailored approach. ANZ J Surg 80(11):769-770

Noguera JF, Cuadrado A, Dolz C, Olea JM, Garcia JC (2012)
Prospective randomized clinical trial comparing laparoscopic
cholecystectomy and hybrid natural orifice transluminal endo-
scopic surgery (NOTES) (NCT00835250). Surg Endosc 26(12):
3435-3441

@ Springer

19.

20.

21.

22.

23.

24.

25.

Noguera JF, Cuadrado A, Dolz C, Olea JM, Morales R, Vicens C,
Pujol JJ (2009) Non-randomised, comparative, prospective study
of transvaginal endoscopic cholecystectomy versus transparietal
laparoscopic cholecystectomy. Cir Esp 85(5):287-291

Santos BF, Teitelbaum EN, Arafat FO, Milad MP, Soper NJ,
Hungness ES (2012) Comparison of short-term outcomes
between transvaginal hybrid NOTES cholecystectomy and lapa-
roscopic cholecystectomy. Surg Endosc 26(11):3058-3066
Solomon D, Shariff AH, Silasi DA, Duffy AJ, Bell RL, Roberts
KE (2012) Transvaginal cholecystectomy versus single-incision
laparoscopic cholecystectomy versus four-port laparoscopic
cholecystectomy: a prospective cohort study. Surg Endosc
26(10):2823-2827

van den Boezem PB, Velthuis S, Lourens HJ, Cuesta MA, Sietses
C (2014) Single-incision and NOTES cholecystectomy, are there
clinical or cosmetic advantages when compared to conventional
laparoscopic cholecystectomy? A case-control study comparing
single-incision, transvaginal, and conventional laparoscopic
technique for cholecystectomy. World J Surg 38(1):25-32
Wood SG, Dabu-Bondoc S, Dai F, Mikhael H, Vadivelu N,
Roberts KE (2014) Comparison of immediate postoperative pain
after transvaginal versus traditional laparoscopic cholecystec-
tomy. Surg Endosc 28(4):1141-1145

Zornig C, Siemssen L, Emmermann A, Alm M, von Waldenfels
HA, Felixmuller C, Mofid H (2011) NOTES cholecystectomy:
matched-pair analysis comparing the transvaginal hybrid and
conventional laparoscopic techniques in a series of 216 patients.
Surg Endosc 25(6):1822-1826

Tolcher MC, Kalogera E, Hopkins MR, Weaver AL, Bingener J,
Dowdy SC (2012) Safety of culdotomy as a surgical approach:
implications for natural orifice transluminal endoscopic surgery.
JSLS 16(3):413-420


http://dx.doi.org/10.1097/SLA.0000000000000218
http://dx.doi.org/10.1097/SLA.0000000000000218

	Safety of transvaginal hybrid NOTES cholecystectomy: a systematic review and meta-analysis
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Statistical analysis
	Results
	Primary outcome measures
	Total postoperative complications (Fig. 2)
	Bile duct injury (Fig. 3)
	Clavien--Dindo grade II complications (Fig. 4)

	Clavien--Dindo grade III complications (Fig. 5)
	Secondary outcome measures
	Operative time (Fig. 6)
	Length of hospital stay (Fig. 7)
	Time to return to normal activities (Fig. 8)

	Postoperative pain score on day 1 (Fig. 9)
	Postoperative pain score on day 3 (Fig. 10)

	Discussion
	References




