Frassini et al. World Journal of
World Journal of Emergency Surgery (2023) 18:42

https://doi.org/10.1186/513017-023-00511-w Emergency Surgery

ECLAPTE: Effective Closure of LAParoTomy in e

Emergency—2023 World Society of Emergency
Surgery guidelines for the closure of laparotomy
in emergency settings

Simone Frassini"?", Lorenzo Cobianchi'?, Paola Fugazzola?, Walter L. Biffl*, Federico Coccolini?,

Dimitrios Damaskos”, Ernest E. Moore®, Yoram Kluger’, Marco Ceresoli®, Raul Coimbra®, Justin Davies'?,
Andrew Kirkpatrick'', Isidoro Di Carlo'?, Timothy C. Hardcastle''* Arda Isik'®, Massimo Chiarugi®,

Kurinchi Gurusamy'®, Ronald V. Maier'’, Helmut A. Segovia Lohse'® Hans Jeekel'®, Marja A. Boermeester?®,
Fikri Abu-Zidan?', Kenji Inaba??, Dieter G. Weber?, Goran Augustin®, Luigi Bonavina®’, George Velmahos?®,
Massimo Sartelli*’, Salomone Di Saverio®®, Richard P. G. Ten Broek??, Stefano Granieri®®, Francesca Dal Mas>',
Camilla Nikita Faré'?, Jacopo Peverada'?, Simone Zanghi'?, Jacopo Vigano'?, Matteo Tomasoni?,

Tommaso Dominioni?, Enrico Cicuttin?, Andreas Hecker®?, Giovanni D. Tebala®?, Joseph M. Galante®,

Imtiaz Wani®?, Vladimir Khokha®, Michael Sugrue®’, Thomas M. Scalea®®, Edward Tan?’, Mark A. Malangoni®?,
Nikolaos Pararas*’, Mauro Podda*', Belinda De Simone*?, Rao Ivatury®, Yunfeng Cui*, Jeffry Kashuk®,
Andrew Peitzman®, Fernando Kim*, Emmanouil Pikoulis*®, Gabriele Sganga*, Osvaldo Chiara™,

Michael D. Kelly*', Ingo Marzi°?, Edoardo Picetti®?, Vanni Agnoletti**, Nicola De’Angelis™,
Giampiero Campanelli®®, Marc de Moya®’, Andrey Litvin®8, Aleix Martinez-Pérez>°, Ibrahima Sal
Sandro Rizoli®', Gia Tomadze®?, Boris Sakakushev®?, Philip F. Stahel®, lan Civil®®, Vishal Shelat®®, David Costa®’,
Alain Chichom-Mefire®, Rifat Latifi®®, Mircea Chirica’®, Francesco Amico’', Amyn Pardhan’?, Vidya Seenarain’?,
Nikitha Boyapati’®, Basil Hatz’*, Travis Ackermann’?, Sandun Abeyasundara’®, Linda Fenton’’, Frank Plani’®,
Rohit Sarvepalli*®, Omid Rouhbakhshfar’®, Pamela Caleo’, Victor Ho-Ching Yau®, Kristenne Clement®',

Erasmia Christou?, Ana Marfa Gonzalez Castillo®, Preet K. S. Gosal®?, Sunder Balasubramaniam®, Jeremy Hsu®,
Kamon Banphawatanarak®, Michele Pisano®, Toro Adriana®’, Altomare Michele®®, Stefano P. B. Cioffi*°,

Andrea Spota®®, Fausto Catena®® and Luca Ansaloni'?

|6O

Abstract

Laparotomy incisions provide easy and rapid access to the peritoneal cavity in case of emergency surgery. Inci-
sional hernia (IH) is a late manifestation of the failure of abdominal wall closure and represents frequent complica-
tion of any abdominal incision: IHs can cause pain and discomfort to the patients but also clinical serious sequelae
like bowel obstruction, incarceration, strangulation, and necessity of reoperation. Previous guidelines and indications
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in the literature consider elective settings and evidence about laparotomy closure in emergency settings is lacking.
This paper aims to present the World Society of Emergency Surgery (WSES) project called ECLAPTE (Effective Closure
of LAParoTomy in Emergency): the final manuscript includes guidelines on the closure of emergency laparotomy.

Keywords Laparotomy closure, Midline incision, Emergency, Abdominal wall incision, Closure technique, Incisional

hernia, Wound dehiscence, Wound complications

Background

An appropriate incision is fundamental to performing
any surgical procedure. The choice of incision in the case
of laparotomy depends on the anatomical site of interest,
the kind of setting, and the surgeon’s preference. In the
case of emergency settings, laparotomy incisions allow
rapid and easy access to the peritoneal cavity. However,
incisional hernia (IH) represents a frequent complication
of any abdominal wall incision.

IHs are defined as a late manifestation of failure of the
abdominal fascia closure after surgical incisions [1]. The
estimated incidence of IHs following major abdominal
surgery ranges from 2 to 40% across studies considering
both elective and emergency procedures [2]. Patient and
wound factors contribute to the risk of developing an IH,
but the setting—elective versus emergency—and the sur-
gical technique seem to be an adjunctive factor for the
development of these complications [2—4].

IHs can cause discomfort to the patients resulting in
work and physical activities restriction, but their most
redoubtable complications can include pain, deformity,
bowel obstruction, incarceration, strangulation, and the
necessity of both hospital readmission and reoperation
marked with higher morbidity [5, 6]. Prevention of IHs is,
therefore, crucial.

Several conditions contribute to the risk of developing
an IH. Surgical aspects—such as the site of the incision,
closure technique, suture material, and postoperative
treatment—are well-described factors contributing to
IHs occurring within the first two years after surgery
[7-9]. Some other conditions not determined by sur-
geons and patients’ factors are relevant contributions to
the risk of primary abdominal closure failure and hence
incisional hernias [9, 10]. According to recent literature,
a definition of high-risk patients for IH development has
been described: patients with diabetes, chronic pulmo-
nary disease, smoking, obesity, immunosuppression, sur-
gical site infection (e.g., contaminated superficial fields),
and previous abdominal surgery are at high risk of devel-
oping incisional hernias [11, 12].

In 2015, the European Hernia Society (EHS) published
the first version of guideline statements with indica-
tions for the closure of abdominal wall incisions [13].
After that, systematic reviews and meta-analyses have
been published trying to address these knowledge and

evidence gaps [14]: an updated version of guidelines for
the closure of midline incisions from EHS and Ameri-
can Hernia Society has been recently published. It aims
to provide an up-to-date, complete point-of-view on
this topic [15]. However, considering the heterogene-
ity of clinical scenarios in which a laparotomy could be
performed, there are some concerns about these recent
guidelines. The guidelines did not consider indications
for laparotomy in emergency settings. Laparotomy is
still particularly important in the emergency setting
for trauma, intra-abdominal sepsis management, and
other acute abdominal conditions. Therefore, evidence-
based guidelines on emergency laparotomy were clearly
necessary.

With this objective in mind, in 2022, the World Soci-
ety of Emergency Surgery (WSES) proposed a project
called ECLAPTE (Effective Closure of LAParotomy in
Emergency) to develop guidelines on the closure of emer-
gency laparotomies following a previous survey among
the WSES members. After a preliminary identification of
the key questions, the evidence-based recommendations
were drafted and reviewed by representatives for each
section. During the 9th International WSES Congress
in Perth, Western Australia, a Consensus Conference
reviewed the guidelines in-depth prior to a Delphi pro-
cess involving the WSES Board of Directors (Fig. 1). This
manuscript summarizes the evidence to date, as well as
the results of the Delphi and expert opinion.

Methods

A systematic informatic search of the English-language
literature was conducted by the ‘Pavia Organizational
group’ in Pubmed, Scopus, and EMBASE web databanks.
The databases were screened without time restrictions up
to 1 July 2022 using the keywords ‘laparotomy; ‘closure,
‘midline incision, ‘emergency, ‘abdominal wall incision,
‘laparotomic incision, ‘closure technique; ‘incisional her-
nia, ‘wound dehiscence; ‘fascial dehiscence, and ‘wound
complications’: results were combined with words AND/
OR. No search restrictions were imposed; comprehen-
sive published manuscripts of clinical trials, consensus
conferences, comparative studies, guidelines, multicenter
studies, systematic reviews, meta-analyses, large case
series, original articles, and randomized clinical trials

were considered.
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Fig. 1 ECLAPTE project step-by-step process

A survey of WSES members guided the scope of topics
for this guideline. Subsequently, representatives respon-
sible from the Organizational Group identified six rel-
evant sections to be investigated in depth and created a
draft version of the guideline statements. The certainty
of evidence and strength of recommendations were
determined using the ‘Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
methodology’ [16—18]. Specifically, the GRADE system
is an evidence-based tool that systematically evaluates
the available literature and grades the Certainty of Evi-
dence (CoE) as ‘High’/‘Moderate’/'Low/‘Very low’ and
the Strength of Recommendation (SoR) as either ‘Strong’
or ‘Weak’ (Table 1).

#CoE : A—High/#SoR : Weak
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During the 9th World Congress of the WSES held in
Perth, Western Australia, in October 2022, each section
and each question were discussed and voted upon by
the audience—votes were either “‘YES/AGREE’ or ‘NO/
DISAGREE! The poll was recorded using the Congress
official mobile phone app, and the representatives of the
Organizational group could immediately check the per-
centage of agreement. In case of disagreement or any
comments, the statement was modified following the
discussion. After the Congress poll, the Organizational
group reviewed the guidelines according to the com-
ments, and the revised version was voted online using a
Delphi approach among the WSES Board of Directors
and experts in the field. At the end of this step-by-step
process, statements were approved with an agreement
of > 80%.

The method has already been employed in other guide-
line papers from WSES: this project was undertaken
according to the usual methodology from the Society [19,
20].

The Organizational panel communicated via e-mail to
prepare and revise the final guideline manuscript: valu-
able suggestion and comments from the Delphi process
poll were integrated into the final document. The manu-
script was successively reviewed by all contributors and
ultimately revised as the present document. Statements
are summarized in Table 2.

These guidelines should be considered as an adjunctive
tool for decision making in a field in which no evidence
was clear until now. Still, they are not a substitute for
the surgeon’s clinical consideration. The Organizational
group will update the considerations in case of significant
changes based on new evidence.

Results

Introductory section

I. Does the abdominal wall incision in emergency sur-
gery cases influence the incidence of incisional her-
nia, burst abdomen, or open abdomen?

1.1 When urgent access to the peritoneal cavity is
required, we recommend midline laparotomy because
it is faster and allows the best approach to the abdo-
men. When clinical circumstances allow, we suggest
avoiding a midline incision for an alternative incision
(2A).

[Panel participants : 125/Vote percentage : 100%/Agreement percentage : 92%]




Page 4 of 22

(2023) 18:42

Frassini et al. World Journal of Emergency Surgery

UOI1RISPISUOD
1U9W pue 3|geuoseal Ajlenba aqg Aew syusw
-183.1 DAI1RUISY[E ‘UOIIRPUIUILIOID HBaM AIDA

SIN|eA [BIDOS JO ‘S90UE)S

-WINDJID Juswieall quaiied syl uo buipuadap
J241p AeWw UOIIOR 1530 ‘UOIEPUSUIUIODSI YBIMN
SIN|eA [BIDOS JO ‘SDUE)S

-WIN2JID Juswieai] ‘Juaiied syl uo buipuadap
J241p AeW UOIDOE 1537 ‘UOIEPUSUILIODSI YBIAN
9|CB|IBAR SUI0D3Q 20UapPIAS Alljenb uaybiy usym
abueyd 01 123(qNs INg UOIEPUS WO Buois

UOI1BAIDS] INOYUM SDURISWINDIID ISOW Ul
syualied 1sow 01 saljdde ‘uolepuaWILIOIal BUOIS

UOI1PAIDSD] INOYIIM SSDUBISUINDIID JSOW Ul
syuaned 1sow 01 saljdde ‘uoiepuswiodal buoig

S9119S 95BD JO SalpNis [euoneAISSqO

SSIPNIS [PUOIIRAISSCO WO
92UIPIAS BUOIS Ajjeuoindadxa Jo (sioaidwi 1o
"1D32J1pUl ‘SMe| [e21BO|OPOYIDW S} NS 1US
-1sIsuodUl) suoneuwl| uelodw! Yim s| oy

S3IPN1S [PUONPAISSCO WO} 3DUIPIAS BUiSyM
-I2A0 10 suolelWI| Juenoduwl INOYIM S| DY

$3113S 358D JO SAPNIS [RUOIBAISCO

SIPNIS [PUONIPAISSCO WIOI) 3DUIPIAS BuOIIS
AJjeuondadxa Jo (suoisnpuod aspaiduwl 4o
'sasA|eue 10alIpul ‘smel} [eD160]0poYIaU ‘SY NSl
JUB1SISUODUI) sUOfel Wil Jueodw] YIM S| DY
SIPNIS [BUOIBAIDSCO WO 92UDPIAS Bujlaym
-I9A0 JO suonelWl| uelodwi INOYUM S| DY

padue|eq Ajsopd
24 Aew usping pue ysi ‘s1yauaq ‘usping pue
'SYS1 'SIYaUq JO S1LUIIISS DY) Ul AJUleadun

uapINg pUe SYSH YIM padueled Aj3sojd siysuag

uspINg puUe Sysi Yim paduejeq Ajaso(d siyauag

BSISA 3DIA IO
'sUspINg pue si YBiamino Aies)d siyausg

BSIDA DDIA IO
'suspINg pue s ybiamino Aies)d siyausg

BSI9A 3DIA IO
'suspIng pue s ybiamino Aies)d siyausg

92UapIAD Alljenb-mo|
KI9A 10 A11|eNb-mO| ‘UOIBPUSUILIODI YeIMN DT

dUBpING
Ayllenb-a1elopouw ‘uonePUSWIWOI3 YB3\ 97

90UIPINS
Ajenb-ybiy ‘uoiepuswILIOdI eI\ VT
92UaPIAS Alljenb-mo|

KISA 10 ‘A)ljlenb-mo| ‘uoliepuswiiodal buonis D |

9OUIPINS
AJenb-a1eiopow ‘uoiepuaLIWodal Buons g|
2DUIPINS

Aijenb-ybiy ‘uolepusWIWOIaI BUoNS V|

suonedjdwj

2dudpIAS Bunioddns jo Ayjend

yauaqgyysi jo Ayed

uonjepuswwiodal Jo apein

UOIIBPUSLLILLIODAI PUR 3DUIPIAS JO [3A3] 31 21BN|RAS 01 WA1sAS JAVHD L 3jqeL



Page 5 of 22

(2023) 18:42

Frassini et al. World Journal of Emergency Surgery

(g1) bumss Aouab

-J2W3 31 Ul 3|GB|IPAR S| 1 USUM SP|3Y Pa1eulWieluOD pue ‘pajeul
-WPeUOD-URS|D ~UB3|D JO S3SeD Ul Aulojolede| [eUILIOPGE JO 3INSO[D
[PIDSE Y3 1O} 2ININS PRIROD-[BICOIDIWIIUE UB PUSWILIOIDI I

(V1) eluiay [euoispul jo

92USPIdUI 9Y3 95e2109p Aewl A3y se Buinas Aousbiaws ay3 ul
sajwolosede| dUlPIW JO 2INSOJD BY) U (2ININS JUSWR|YOUOW 3|ge
-QIOSQR AIMOIS) [eLIS1BU 24NINS JUSUWIR|JOUOW B PUSWILLOII SN

(V) |ers1ew o|gequosge
A|MoO|s e Buisooyd 15966ns am ‘Bumias Aouabiawia ayi Ui suols
-1DUl SUI|PIW JO 2INSO[D 3Y3 IO 24NINS 3|CRCIOSe Ue BuISN UIYAA

(D7) Awojosede| Aouabiaws Jo

2INSOPD Y3 104 $3ININS 3|geqlosge AIMo|s 159H6Ns am ‘9104219)
‘Uled aseai09p AeW $2ININS 9|qeGIOSqY "SUOIIRJUI IS [eI6INS JO
e|UJISY [BUOISIDU] JO SWUS) U] J9113q 318 $2ININS 9|qeglosqe-uou Jo
9|0PqIOSE 1BY] 15966NS 01 9DUSPIAS OU A[JUSLIND S| D43

(D7) sased A1abIns aAI1D3[ WOl

SUIR1S 92UIPIAD 31 ybnoyie sased A1abins Aousbiaus ul suon
-e21|dwOoD PUNOM pue BJUISY [UOISIDUI JUSARID 01 Snbiuydal 211g
[lews, e yum Auwololede| auljpiud ay1 JO 2INSOP ay3 15966ns apn

(g1) A196ns Aousbiawia ul
SUOISIDUI [[BM [EUILUOPGE SUPILU JO INSO[D SNONURUOD 10j |4
1583 1€ JO (]M/1S) Ol1el Y1BUS| PUNOM-01-2ININS B PUSUILIODIDI IAA

(92) pawiopad s A1abins

AKousbiaula uaym yuenodul A|ybIy oG 1ybBIW Yd1ym 2insopd
paJaAe| UBY] J21SP) SI 1l 9SNBDIQ 2INSO|D Ssew 15966Nns am :suon
-e21|dWOD PUNOM PUE BIUISY [BUOISIDUL JO SULISY Ul PIAISSTO SeMm
2INSO[D PaJ2AR| JO 2INSO|D SSEW U9aMIDQ 2DUIHIP OU ‘A1ab

-Ins ASUSBISWS Ul UOISIDUI SUIPIL [eUILIOPGR JO 2INSO[D JO4

(g1) Awololede| Aouabiawa JO 24NSO|D [|EM [BUILIOPQE 343 Bul
-INP Wnauoluad syl JO 2INSOP a1eledas [SNIYOY PUSWWODSI AN

(V) sBumas Aouabiawia Ul UoISdUI [|em

[EUILIOPQE BUlPIUW Y3 JO dnbiuydal a1nins snonunuod e 1s9b6ns
9M ‘21042134 "2INSO[D SNONUIUOD Y $S3| S| 2INSO|D [BIDSE) IO}
U3e1 2WI1 31 ISAIMOH 2INSO [eIDSeY 10} S91nINs paidniiaiul Jo
SNONUIIUOD US3MIDQ 9DU3DSIYSP JO BIUISY [BUOISIDUI JO 9DUSp
-IDUI 93U Ul 9DUIHIP Aue 15966NS 10U SI0P 9OUIPIAS JUS1IND 3y |

(V1) pawiopiad ale suopuaiaiul didodsosede| Uaym
31IS UOIIDRIIXS Y3 S UOISIDUI SUI|PIL [ SNIVDY PUSWIWIOIDI 3N T

(V) uoisipul

SAI1RUIDY[E UB JOJ UOISIDUI Ul|pIW B BulploAe 15966ns am ‘mojje
S9DURISUINDIPD [BDIUID USYAA "USWOPGe ay3 0} yoeoldde 153G syl
SMOJ|e PUE J21SBY S| 31 95Nedaq Auojolede| auUlpIw PUSWWODAI
oM ‘palinbal si A1AeD [esuoiad ay3 01 SS9338 JUaBIN USYA ||

SJ1301gIUe Yum paeubaidwi saIning 47

24N1NS JUsWe|YRINW SNSI9A 24N1NS JUSWER|YOUOIN £°¢

2ININS 3|qRGIOSR AIMO|S SNSISA 21n1NS 3|qeaiosge Ajpidey 7'z

2JN1NS 9|geqlosge sNSIoA 9|geqiosge-uoN |'¢

anbiuyaa1 sa1q abue| sNSIaA aNbIuYda1 $s91Iq [[PWIS G|

(IM/1S) 013l Y1BU3| punom-03-yibus| 24nIns 4|

21Ins0|> JaAe|-3|BUIS SNSI9A 2INSOJD SSeIA| €71

wnauoyad 941 JO 2INSO|2-UOU SNSI9A 2INSO|D) 'L

Sa1n1ns _UEQJ\:&C: SNsIaA bupnins snonuiuo) ||

Juolspu
Auwojolede| e 350]2 03 [eLd1RW 2ININS [eulndo Yl SI 1IeYp T

(uolsipul Awololede| e 350J 01 snbiuydal [ewndo syl st 1eYAA |

iuawopge uado Jo
'USWIOPQE 1SINg “BJUIBY [RUOISIDUL JO 3DUSPIDUI 8y} 9dUSN (Ul
sased A1Bins ADuabIswa Ul UOISDUl [[em [eulwopde ay3 s90( |

juswelels

suonsanb Aoy

31doyj/uondas

Alewiwins s1uswa1elS Z ajqeL



Page 6 of 22

(2023) 18:42

Frassini et al. World Journal of Emergency Surgery

2DU3PIAS JO 32B| 91 01 NP peul 3q Ued Huissaip
1MdN [euoisidul Jo adA1 Dy1dads e 1noge UonepUSWWO0dal ON

(V1) UPD{S Pasojd ayi uo Buissaip ] MJN [euolsipul dioejAydoid
PUSWWOD3) 9M 'SUO[IIR)U 1S [D16INS 104 3S1 YBIY Yiim Awoiol
-ede| Aouablawa Jaye ainso|d Alewid buiobispun syuaned uj

A1eSS23U e S|ell Jayriny pue ‘adusp
-IAS JO 3B 31 0} aNP dpew 9q ued A1abins [eujuopge uado Jaye
uonoLISa [edisAyd aanesadoisod IN0Ge UOIePUSUIOI3] ON

(g1) A]oAnesadoisod sAep ALY pue 0M] US3M1SQ UOISIASI B PUSW
-WO0D3J oM ‘paulopiad S| UoisdUL [ed1BINS JO 2INSO[D PaARDP USYA

(92) uoneulweIuod us|NINd YIM

SUOISIDUL AUIp puUB paleululeIuod JO 95D Ul 3Insopd Alewlid o3
paJedwod spunom [ed161Ns JO SO J9PISUOD PINoYs suoabins
15966Ns aM SISS JO YsH YbIy ayi Jo asnesaq :2inso|d Awojolede)
paAejap a1njai 10 10ddns 01 9DUSPIAS OU AJUSLIND S| 2IaY |

(v2) Awoiolede| Aousbiawa Ja1je sujelp SNO3URINIANS JO
95N dUIINOJ 3Y) [SNIVOY 15966NS am 2104219y "SURIp SNOaURIND
-gNs Jo 9sNn auNos ay1 Huiioddns 85USPIAS OU AJUBLIND S| 43 |

(D7) utod siy3 Ajiepd 01 sjeis

Aujenb-ybiy aanoadsold aininj puswwod31 A PISPISUOIRI 3]
PINOYS UOI1BISPISUOD SIY1 1eyl 15966NS e1ep 1usdal Ing ‘sa1el |SS
J9MO| YIIM P1BID0SSe U] Sey UOIeDIUI PUNOM SUIPOI-UOPIAO

(D) "uonebiul D1I0IGIIUE SN 0} 10U PUSWIWOD3I

M A19BINS Y1 JO SP|aY PRI1RUILIEIUOD PUR ‘PIIRUILUIRIUOD-URS|D
‘uea|> ul uonebLur punom dndejAydoid 15966ns am ‘A1sbins
ASUabIaUI3 131J8 9DUJINDI0 UOIIDRUI 1S [BD1BINS 35e3139p O]

1da2u0D SIy3 Ajuepd 03 papasu

24 S9IPNIS JSYLIN PUB 'SP 3¢ UBD SUOIEPUSUWIUIOD3) OU
'3104243Y "sa1wor0iede| Aousbiswa JO S1ake| Jualaylp Buisod ul
a|paau dieys Jo pasadel un|g e INOGe elep paliul| AI9A a1 a1y |

SoUIPpIND TUSIIMD
301 UT UOTDDIPUT UD SD Paiapistod aq JoUUD) JUaWaIDIs SIyT AIUaND
~35U0D pUD 9408 15D9] 1D JO 1UaliaalDD UD §oDal 10U PIp jaUDd a4 ]
Bumas Aouabiawa sy Ul sainso|d Awojolede| Ul Al2UnnoJ pasn aq
P|NOYS S2ININS UOIIUSIDI JSYISYM O} Se SNSUISUOD Ydeal 10U PIp
|oued ay| ‘saiwolosede| Aduabiawa Bulobispun syusned ul 9ousd
-SIY9P PUNOM JO 9DUSPIDUI B} 95BID9P SAININS UO[IUIAI 1y}
15366Ns 01 ain1es1| duspiAS Aijjenb-ybiy ou Apuaund si a1y

Awololede| Aouabiawa Jaye
Buijeay punom Joy Adessyy punom ainssaid sanebaN gv//

ALAIIDE JO UOIDLISII 9A11RIRA01SOd Ot

2INs0JD> Awojosede
paAejap—Awoiosede| sulpiw J31je Usdo UpS BulnesT S /41

SuOISDUL Awoloiede| Ui sulelp SNOULRINIGNS €4

21nsop Awolosede| Aousbiawia uj uonebILl PUNOM 21/ 1 aled aanesadolad

jAwolosede| AOUSBISWS IS1E ||EM [PUILIOPGE BUISOP Ul 9|paau
dieys 4o apasu pasader unig Buisn sduIaIp Aue IsY1 S| 7°E

;sbumas Aouabiaws uj Awo
-Josede| e BUISOD USYM S2ININS UOIIUDII IO} 9|04 B UYL S| |°E 2IN1INS UONUSIDI pUe S3|PA3U AININS °€

JusWIle)S

suonsanb Koy 31doy/uondas

(Panunuod) Zajqel



Page 7 of 22

(2023) 18:42

Frassini et al. World Journal of Emergency Surgery

(D7) UOIRWIIOJ BIUIRY [RUOISIDUI JO S 9} 35BID3P 01 2UNSOD BID
-SeJ SNOJNDRBW JAPISUOD YBIUI SU03BINS ‘pauliopiad s §7|S USYA

(g1) anbluyd31 SIS 3L YUIM BIUIBY [eUOIS
-1Dul JO 3su usybIy e 01 9np (57IS) A19bins didodsolede| uoisidul
9buls 1aA0 sainpadoid d1dodsolede| [PUOIIUSAUOD PUSWILLIODRI S

(D7) pasn ale $azis 49bie| JO U0 WU (] JO $IEDOI) USYM JUSW
-9oe|d 18201} 3Y1 AQ Pasned 109)9p [else) a1 Buisopd 15966Nns apn

(D7) 2|qe|leA. UsUM S1eD0J} Pape|g-Uou Buisn JapIsuod Aew suosb
-ING "PISN 2.8 SILD0I} PIPR|] USYM 35210U| ABW IUISY 21IS-18D0 |

(D7) 2191ss0d Uaym UoIeI0| dUIPIW-HO Ue UO pue

2inpado.d ay1 1oy a1elidoidde az1s 1ed0J) Jj[eWlS ay1 buisn pusu
-WOD3J A, "DUI|PILU PIDNPOIIUL 31 SIEDOIL USYM PUR PIsn e
1964 JO WW (| JO S1BD0J USYM 3SBIDU| S218J PIUIDY D}S-IPDOI|

(D2) suonisod Juswade(d Ysaw Jay1o se

|9Mm se ‘ajdwiexa Joj ‘|ed160j01g pue 3|qegI0SaR—Ss3aysaul JO sadA)
12410 JO 9|01 a1 AJlIe|D> 01 papaau ale saAndadsiad aining ing
‘K1961ns AoUsBIaUS Ul USAS ‘PapUSIWIOII Y1og die uofisod
Je|ndsnwiolial pue uonisod ysaw Aejuo :snosusaboiaiay st bul
-uonisod ysaw 1noge 93uspiAg Aulololede| Aousbiawe Jaye
pawioad s uoneuawbne ysaw dioejAydoid usaym pasn aq
pINoys 1eyy uonexy Jo adA ayi Jo ‘uonisod ‘adA1 ay1 1noge Aurey
-19DUN S| 2I3Y] "PIPUBUILIOII 99 UeD Yysaul Jo adA3 dyidads ou
uoneluswbne yssw dnoejAydoid 1oy ‘@ouspis 1ua1n Jo 1ybi| U

(92) yuswdojansp
BIUJISY [BUOISIDUI JO 3SH PISEaIDUl UB Yum siuaied ul Apejnoped
‘uonejuswbne yssw dnoejAydoid Bunspisuod 1sab6ns ap

SoUIPPING TUSHINT 34]

UT UOTIDPUR W07 D SD PaIapIstod 2q JOU [[IM JUSWR1DIS STyl Ajluanb
35007 pUD 908 1SD[ 1D JO 1UalWaalbD UD [oDal JOU pPIp [aUDd a4 [
(92) BlUlaY [PUOISIDUI JO XSI B3 95E2.D9P O}

sBumas Aouablawa uj sajwololede| aUlpIW JO 3INSO[D SY3 Ul
uoneuswbne ysaw dndejfydoid Jo asn ay1 1s9b6Ns app

eIUIBY [eUOISIDUl pue A1abins didodsolede| uoisidul 9|BUIS §'9/4°9

UOISIDU 4803 JO 2INSOD) €9

2dA1 pue azis 1e201] 7°9/1°9

juoneiuswbne
ysaw dpdejAydoid Joj paIspISUOD 3¢ PINOYS UOREeXY Ysa Jo
2dA1 yd1ym pue uonisod Ysaw ya1ym ‘ysaul 4o adA1 YaIym €5

(uonejuswbne yssuw
onoejAydoid 1oy paispisuod ag pinoys syusied jo adA1 ydiym z's

isbumas Aduabiawa uj ssjwololede| jo
2INSO|D 10} [BIDYaUS] UoeIusWbNe ysaw dnoejAydoid s| |°g

Kiabins
10d-3)buls pue A1abins d1dodsolede| J10j SPUNOM 1B04] 9

uonejuswbne ysawl onoejAydoid g

JusWIle)S

suonsanb £ay

31doy/uondasg

(panunuod) zojqel



Frassini et al. World Journal of Emergency Surgery (2023) 18:42

1.2 We recommend AGAINST midline incision as
the extraction site when laparoscopic interventions
are performed (1A).

#CoE : A—High/#SoR : Strong

Page 8 of 22

then could be extended medially to perform a right
colectomy if necessary; similarly, a subcostal incision
can be used for a complicated duodenal perforation.

[Panel participants : 125/Vote percentage : 100%/Agreement percentage : 87.2%]

An appropriate incision is fundamental to performing
any surgical operations, and the choice of incision in case
of laparotomy depends on the anatomical site of interest,
elective or emergency setting, and personal preference.
Laparotomy incisions can be classified as follows:

+ Midline—a vertical incision through the skin, subcu-
taneous tissue, linea alba, and peritoneum.

» Paramedian—the ‘conventional medial incision’ in
which the rectus sheath and muscles are transected
close to the linea alba and the ‘lateral incision’ in
which rectus is transected near the lateral border.

+ Transverse—a possible supraumbilical transverse
incision for access to the upper abdomen or a ‘Pfan-
nenstiel” infraumbilical transverse incision for access
to the lower abdomen.

+ Oblique—a typical subcostal/Kocher incision or the
McBurney incision.

#CoE : A—High/#SoR : Weak

In addition, when emergency surgery is performed
laparoscopically, we recommend avoiding midline
incisions for the extraction site. However, the lack
of evidence regarding the length and the location of
these alternative incisions must be considered as a
limitation.

Section 1
1. What is the optimal technique to close a laparot-
omy incision?

1.1 Continuous versus interrupted suture

The current evidence does not suggest any differ-
ence in the incidence of incisional hernia or dehis-
cence between continuous or interrupted sutures for
fascial closure. However, the time taken for fascial
closure is less with continuous closure. Therefore, we
suggest a continuous suture technique of the midline
abdominal wall incision in emergency settings (2A).

[Panel participants : 126/Vote percentage : 99.2%/Agreement percentage : 92.8%]

In the literature, many randomized trials and system-
atic reviews with a high certainty evidence compared
midline incisions to alternative incisions: the incisional
hernia rate was significantly lower after non-midline
incisions, for both transverse and oblique approaches
[21-24]. In addition, a transverse incision appears to
have less negative impact on pulmonary function, wound
dehiscence, burst abdomen, and postoperative pain than
a midline laparotomy [25, 26].

On the other hand, midline laparotomy is faster and
allows the best access to all the organs of the peritoneal
cavity: it is still the incision of choice in an emergency
setting when a patient in a hemodynamically unstable
condition needs to be explored [13, 15].

Therefore, our group recommends a different lapa-
rotomy incision from the classic midline approach
when clinical circumstances allow: when preopera-
tive imaging clearly identifies the site of pathology, a
transverse incision can be used for emergency gen-
eral surgery. For example, a transverse incision can
be the best approach for advanced appendicitis and

The literature search identified five large meta-anal-
yses addressing the evidence on suture technique in
terms of continuous versus interrupted methods [1, 14,
27-29]. Additionally, some well-designed randomized
clinical trials were considered [30, 31]. Guidelines from
the European Hernia Society—in the original 2015 ver-
sion—recommended continuous closure of the midline
abdominal wall, but the updated version in 2022 also
considered more recent evidence and downgraded the
certainty of evidence with a weak strength of recom-
mendation due to the inconsistency of the results [13,
15]. Most of the evidence related to elective surgery,
and clear data in the emergency setting are lacking.
Therefore, in line with the evidence from Peponis et al.
randomized clinical trial, we infer that there is no sig-
nificant difference between continuous or interrupted
sutures in the closure of abdominal wall incision, but
the continuous technique might be preferred based on
the elective surgery evidence because it is faster [1, 14,
27-32].
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1.2 Closure versus non-closure of the peritoneum

We recommend AGAINST separate closure of the
peritoneum during the abdominal wall closure of
emergency laparotomy (1B).

#CoE : B—Moderate/#SoR : Strong
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layer of fascia. If the incision is paramedian, then
there are two layers of rectus sheet above the arcu-
ate line. With this approach, the peritoneal surface
is normally closed separately as a different layer in

[Panel participants : 126/Vote percentage : 98.4%/Agreement percentage : 87.1%]
P P p g g g

Regarding the closure of the peritoneal layer in a mid-
line laparotomy, the Cochrane Systematic review by
Gurusamy et al. [33] concluded that there is no short-
term or long-term benefit in peritoneal closure. This
review included five randomized clinical trials (RCTs):
inclusion criteria in the studies were heterogeneous—
the type of incision, elective, or emergency setting—but
the studies concluded that closure of the peritoneum is
unnecessary [34—38]. There is considerable uncertainty
in the benefits or harms of the single-layered closure of
the peritoneum as a separate layer, but this procedure is
likely to increase operating time in emergency surgery.

Closure of the peritoneum involves additional operat-
ing time and suture material, and no benefit is apparent
from closure of peritoneum. Therefore, it does not seem
necessary after a midline laparotomy, even in an emer-
gency setting.

1.3 Mass closure versus layered closure

For closure of abdominal midline incision in emer-
gency surgery, no difference between mass closure or
layered closure was observed in terms of incisional
hernia and wound complications: we suggest mass
closure because it is faster than layered closure which
might be highly important when emergency surgery is
performed (2B).

#CoE : B—Moderate/#SoR:Weak
[Panel participants : 125/Vote percentage
: 100%/Agreement percentage : 86.4%)]

We used the EHS 2015 guidelines [13] definition of
‘mass closure’ versus ‘layered closure’

Definitions proposed by Muysoms et al. (EHS 2015
guidelines) were:

+ Mass closure The midline incision is closed with
a suture bite including all layers of the abdominal
wall except the skin. With this approach, the suture
includes the fascia layers, peritoneum (which may or
may not be included), and superficial layers in a sin-
gle bite. By definition, mass closure is a single-layer
closure technique.

o Layered closure The incision is closed with more
than one separate layer of fascial closure. Specifi-
cally, if the incision is midline, there is only one

the suture, and the same is done for the subcutane-
ous layer.

The following studies by Patel et al. and van Rooijen
et al. in a systematic review and meta-analysis in 2018
analyzed the different impact of mass versus layered clo-
sure techniques in both elective and emergency settings.
No difference was noted in terms of incisional hernia or
wound complications, considering RCTs of moderate/
low/very low certainty of evidence [1, 29, 39].

Therefore, we concluded that mass closure should be pre-
ferred because it is faster and no additional complications
have been demonstrated, but the certainty of evidence is
low due to the lack of specific data in emergency surgery
and the low certainty of evidence from previous studies.

1.4 Suture Length-to-Wound Length ratio (SL/WL)

We recommend a suture-to-wound length ratio (SL/
WL) of at least 4:1 for continuous closure of midline
abdominal wall incisions in emergency surgery (1B).

#CoE : B—Moderate/#SoR:Strong
[Panel participants : 126/Vote percentage
: 100%/Agreement percentage : 98.4%)]

The suture technique investigated through the suture
length-to-wound length ratio is of crucial importance to
avoid the development of incisional hernia and wound
complications. The beneficial effect of a high suture
length (SL)/wound length (WL) ratio has already been
demonstrated, and previous guidelines consider a critical
value a ratio of 4:1 or more (Jenkins Rule) [13, 15, 40—43].

Recently, data from RCTs were summarized in both
elective and emergency surgeries after vascular opera-
tions: abdominal closure with a suture-to-wound length
ratio of more than 4:1 compared with less than 4:1 sig-
nificantly reduces the risk of incisional hernia and other
wound complications [44—46].

Therefore, a SL/WL ratio of 4:1 or higher reduces the
risk of incisional hernia and wound complications. It is
recommended to document and ascertain this ratio at
every wound closure.

1.5 ‘Small bite’
technique

We suggest the closure of the midline laparotomy
with a ‘small bite’ technique to prevent incisional

technique versus ‘large bite’
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hernia and wound complications in emergency sur-
gery cases although the evidence stems from elective
surgery cases (2C).

#CoE:C—Low/#SoR:Weak
[Panel participants : 126/Vote percentage
: 100%/Agreement percentage : 88.8%]

The ‘small bite’ technique in the closure of midline lap-
arotomy consists of a tissue stitch of approximately 5 mm
from the median wound edges and a distance of approxi-
mately 5 mm from the other stitch allowing surgeons
to include only the aponeurosis and to ensure adequate
distribution of tension on the edge of the incision [47].
The ‘large bite’ technique consists of a distance from the
wound edge and between stitches of more than 10 mm.

The positive effects of small stitches on wound healing
have been widely expressed: aponeurosis has limited pos-
sibilities for regeneration and cannot bridge over a large
defect. With a large stitch, not only aponeurosis tissue is
included, but also fat and muscle. In combination with
increased intra-abdominal pressure, soft tissue can be com-
pressed and damaged. This can result in slackening and
separation of wound edges, tissue devitalization, and infec-
tion. A separation of wound edges of more than 10/12 mm
during the first postoperative period has been strongly
associated with the development of an incisional hernia.

Large RCTs of acceptable quality, systematic reviews,
and previous guidelines have investigated outcomes from
the closure techniques, showing that incisional hernias
and wound complications are significantly lower with the
‘small bite’ suture technique [13, 15, 48, 49]. However, all
the studies were in the elective setting. The only manu-
script looking specifically at this comparison in the emer-
gency setting was the one by Peponis et al. [31]. Therefore,
we suggest using the ‘small bite’ technique with low cer-
tainty of evidence also in cases of midline emergency lapa-
rotomy, but future perspectives studies on this topic are
necessary to prove the effectiveness of this technique.

Section 2
2. What is the optimal suture material to close a lapa-
rotomy incision?

2.1 Non-absorbable versus absorbable suture

There is currently no evidence to suggest that absorbable
or non-absorbable sutures are better in terms of incisional
hernia or surgical site infections. Absorbable sutures may
decrease pain; therefore, we suggest slowly absorbable
sutures for the closure of emergency laparotomy (2C).

#CoE : C — Low/#SoR : Weak
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There are many RCTs of high and moderate certainty
evidence and even some previous systematic reviews and
meta-analyses which investigated incisional hernia rates
and other wound complications for different suture materi-
als [14, 29, 32, 50-52]. A possible bias looking at these tri-
als could be a combination of different suture techniques.
Nevertheless, all high-level evidence considered a laparot-
omy incision closure through a continuous running suture.
Taking into account these considerations, evidence failed
to identify a significant superiority of one suture material
over the other to reduce incisional hernia rate after a mid-
line laparotomy [13, 15]. Van't Riet et al. systematic review,
Naz et al. RCT, and mainly Patel et al. Cochrane review
highlighted less wound pain and surgical site infections in
the absorbable suture group compared to the non-absorba-
ble, but they agree that there is no clear evidence for all the
other outcomes [1, 27, 53]. Most of the studies we consid-
ered include both elective and emergency settings.

Therefore, we conclude that there is no clear evidence
for a recommendation about suture material, but some
evidence about secondary outcomes suggest that non-
absorbable suture may be avoided after emergency midline
laparotomy.

2.2 Rapidly absorbable suture versus slowly absorb-
able suture

When using an absorbable suture for the closure of
midline incisions in the emergency setting, we suggest
choosing a slowly absorbable material (2A).

#CoE : A—High/#SoR : Weak
[Panel participants : 126/Vote percentage
: 100%/Agreement percentage : 99.2%|

Randomized clinical trials and numerous systematic
reviews reported a lower incisional hernia rate when clo-
sure of the midline incision is performed with a slowly
absorbable suture, in both elective and emergency set-
tings [27, 28, 30, 32, 52, 54—56]. Accordingly, Muysoms
et al. (EHS 2015 guidelines) are not recommending the
use of rapidly absorbable sutures—with a focus on the
specific area of elective surgery—[13]. Most recent data
do not confirm strong evidence supporting the imple-
mentation of slowly absorbable sutures: a trend of fewer
incisional hernia and wound complications is confirmed
but without statistical significance [14, 15, 29].

So, we recommend, based on the high and moderate
certainty of evidence, a slowly absorbable suture for the
closure of midline emergency laparotomy.

2.3 Monofilament suture versus multifilament
suture

Panel participants : 125/Vote percentage : 100%/Agreement percentage : 90.4%
p p p & g 8
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We recommend a monofilament suture material
(slowly absorbable monofilament suture) in the clo-
sure of midline laparotomies in the emergency setting
as they may decrease the incidence of incisional her-
nia (1A).

#CoE : A—High/#SoR:Strong
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Section 3
3. Retention suture and suture needles

3.1 Is there a role for retention suture when closing
a laparotomy in emergency setting?

[Panel participants : 126/Vote percentage : 100%/Agreement percentage : 96.8%)]
P P P 8 8 8

Our literature research found evidence, suggesting that
monofilament sutures are associated with a significantly
lower risk of incisional hernia than multifilament sutures
in both elective and emergency settings [1, 13, 15, 29].
On the other hand, no evidence specifically about wound
complications—wound infections, wound dehiscence,
wound sinus, and fistula formation—emerged from pre-
vious high/moderate certainty of evidence.

Therefore, according to our previous statements, if a
slowly absorbable suture is used, a monofilament mate-
rial is the only possible choice.

Because of the significant amount of data supporting
the lower incidence of incisional hernia in emergency
surgical settings with monofilament sutures, we have
made a strong recommendation.

2.4 Antimicrobial-coated sutures

We recommend an antimicrobial-coated suture for
the fascial closure of abdominal laparotomy in cases
of clean-, clean-contaminated, and contaminated
fields when it is available in the emergency setting
(1B).

#CoE:B—Moderate/#SoR:Strong
[Panelparticipants : 126/Vote percentage
: 100%/Agreement percentage : 80.1%]

Surgical site infections (SSIs) represent a common
and serious complication of all surgical procedures,
but it is even of greater concern in emergency surgery
cases. Antimicrobial-coated sutures—typically triclosan-
impregnated—have recently become a topic that gener-
ates considerable discussion, and is a well-known tool
for preventing SSI, but they remain controversial due to
elevated costs, worldwide availability, and the uncertainty
in significant benefit for their use [55, 57-67].

Recently, high-quality RCTs in emergency settings and
systematic reviews from Ahmed et al. and Uchino et al.
have reported a significantly lower rate of surgical site
infections when antibiotic-impregnated sutures are used
in the closure of laparotomy in clean-, clean-contami-
nated, and contaminated fields [68-70].

Accordingly, our group is recommending antibi-
otic-coated suture in the emergency setting when it is
available.

There is currently no high-quality evidence litera-
ture to suggest that retention sutures decrease the
incidence of wound dehiscence in patients undergo-
ing emergency laparotomies. The panel did not reach
consensus as to whether retention sutures should be
used routinely in laparotomy closures in the emer-
gency setting.

[Panel participants : 125/Vote percentage
: 99.2%/Agreement percentage : 68% on
avoiding the use of retention sutures routinely]

The panel did not reach an agreement of at least
80%, and consequently, this statement cannot be con-
sidered as an indication in the current guidelines.

No systematic review was found regarding the imple-
mentation of retention sutures in the closure of lapa-
rotomy, in the elective or emergency surgery setting.
Guidelines and indications for the prophylactic use of
retention sutures are lacking and not clear. Nevertheless,
some evidence supports the use of this technique in the
case of [71, 72]:

« DPatients with increased tension in the incision;

« DPatients with preoperative severe malnutrition;

+ Patients who are immunocompromised;

« DPatients with previous fascial defects;

« Patients with massive abdominal contamination.

‘Retention suture technique’ includes a suture outside
from the primary incision site line through all layers of
the abdominal wall, including the skin, with a large-bore
non-absorbable suture material. Various tools are avail-
able to alleviate the tension of the retention suture on the
skin for patients’ comfort. The effect is to reduce the ten-
sion on the primary suture line.

In the studies which were screened by our group, the
target of the trials was always patients with an emergency
indication for midline incisions or elective surgery in
patients with high-risk factors for wound complications.
Some randomized clinical trials with moderate certainty
of evidence were considered. The principal outcomes in
these studies were heterogeneous, but surgical infections
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and wound dehiscence were typically investigated. In
addition, follow-up was too short to identify any major
laparotomy complications, even in oncological patients
[72-79].

Anyhow, the evidence considered seems to suggest
a lower incidence of wound dehiscence in the reten-
tion suture group. On the other hand, there is higher
postoperative pain in the group of patients treated with
retention sutures. Accordingly, retention sutures could
be considered as a possible addition to suture closure of
emergency laparotomy only in case of patients with very
high-risk conditions for incisional hernia and wound
dehiscence.

3.2 Is there any difference between using a blunt
tapered needle or a sharp needle in closing the
abdominal wall after an emergency laparotomy?

There are very limited data about a blunt tapered or
sharp needle in closing different layers of emergency
laparotomies. Therefore, no recommendations can be
made, and further studies are needed to clarify this
concept.

#CoE:D—Very low

No voting was requested for this statement as there
were no recommendations included in this statement.

Only one randomized clinical trial comparing blunt
tapered and the standard sharp needle in elective and
emergency general surgery has been published [80].
This trial included 200 patients, and the main outcome
was the surgical team safety in terms of the number of
procedures with one or more glove perforations. The
secondary outcome was the number of procedures with
omentum or bowel puncture comparing the use of the
blunt tapered or sharp needle. No data about surgi-
cal outcomes, such as incisional hernia, fascial dehis-
cence, wound complications, or postoperative pain were
reported. On the other hand, additional evidence comes
from gynecological studies: only in the RCT published by
Stafford wound infections were the main outcome [81,
82]. Therefore, no recommendations can be given on the
use of a different type of needle, but we can recommend
the use of blunt tapered needles as an important tool in
decreasing the number of incidental glove and visceral
perforation.

Section 4
4. Perioperative care

4.1/4.2 Wound irrigation in emergency laparotomy
closure

4.1 To decrease surgical site infection occurrence
after emergency surgery, we suggest prophylactic
wound irrigation in clean, clean-contaminated, and
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contaminated fields of the surgery. We recommend
not to use antibiotic irrigation. (2C).

#CoE:C—Low/#SoR:Weak
[Panel participants : 122/Vote percentage
1 99.1%/Agreement percentage : 90.0%]

4.2 Povidone-iodine wound irrigation has been
associated with lower SSI rates, but recent data sug-
gest that this consideration should be reconsidered.
We recommend future prospective high-quality trials
to clarify this point (2C).

#CoE:C—Low/#SoR:Weak
[Panel participants : 121/Vote percentage
: 99.1%/Agreement percentage : 93.3%]

Surgical site infections (SSIs) are one of the most com-
mon hospital-acquired infections. SSIs are a preventable
complication, responsible for substantial costs to health
services that can result in poorer patient outcomes,
increased mortality, morbidity, and reoperation rates.
While the cause of SSIs is multifactorial, wounds can be
classified by their level of contamination as suggested by
the Centers for Disease Control and Prevention (CDC):

+ Class I/Clean

o Class II/Clean—Contaminated
o Class III/Contaminated

+ Class IV/Dirty—Infected

Based on the included trial evidence, there is currently
no clear difference in the incidence of SSIs between
patients treated with irrigation and without irrigation,
with low-grade certainty of less incidence of SSIs when
irrigation is performed [83, 84].

In addition, there is not a clear indication about the
type of surgical wound irrigation that could be more
beneficial in the setting of emergency laparotomies: evi-
dence from Norman et al. Cochrane systematic review
and meta-analysis support the implementation of anti-
bacterial irrigation compared with non-antibacterial
irrigation, whereas de Jonge et al. systematic review and
meta-analysis show that antibiotic irrigation does not
offer a benefit, contribute to antimicrobial resistance and
prophylactic incisional wound irrigation to prevent SSI
rates with an aqueous povidone—iodine solution should
be considered [85, 86]. According to this evidence, povi-
done-iodine wound irrigation is associated with lower
SSI rates compared to saline-only wound irrigation: this
consideration is not specific to emergency surgery but is
based on elective surgery settings [87]. Recent data from
Chinese and Japanese RCTs query the povidone—iodine
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wound irrigation superiority in the prevention of SSIs,
suggesting that the current recommendation should be
reconsidered in light of future prospective high-quality
trials [88, 89].

Therefore, our group suggest the use of wound irriga-
tion, but future evidence on the best irrigation technique
is necessary.

4.3 Subcutaneous drains in emergency laparotomy
incisions

There is currently no evidence supporting the rou-
tine use of subcutaneous drains. Therefore, we sug-
gest AGAINST the routine use of subcutaneous drains
after emergency laparotomy (2A).

#CoE:A—High/#SoR:Weak
[Panel participants : 124/Vote percentage
: 99.1%/Agreement percentage : 95.9%)]

Surgical site infection (SSI) is considered a postop-
erative complication after surgery that increases patient
morbidity and mortality rates. Some authors suggest the
use of a subcutaneous drain to prevent wound infection,
but high-quality-of-evidence systematic reviews and
meta-analyses demonstrate that the routine placement
of a subcutaneous drain during the closure of abdominal
wall incision does not confer any advantage in preventing
postoperative wound infection [13].

Coletta et al. systematic review and meta-analysis in
2019 suggest that subcutaneous drains should not be
used routinely, as it does not confer any advantage in
preventing postoperative wound infection, but this does
not exclude that there might be a benefit in a specific risk
group of patients [90]. We found a recent RCT of mod-
erate level of evidence by Harish et al., which stated that
subcutaneous suction drains have been shown to reduce
SSIs in a large number of patients [91]. One hundred
patients were studied in this trial; however, the inconsist-
ency in the results and publication bias means that our
group cannot make a strong recommendation [91]. It is
important to obliterate any dead space by using quilting
sutures.

Therefore, our group is not recommending the imple-
mentation of drains in perioperative treatment of midline
laparotomy incision until evidence from future trials of
low risk of bias.

4.4/4.5 Delayed Closure of the Skin (DCS)—Leaving
skin open after midline laparotomy.

4.4 There is currently no evidence to support or
refute delayed laparotomy closure: because of the
high risk of SSIs, we suggest surgeons should consider
DCS of surgical wounds compared to primary closure
in case of contaminated and dirty incisions with puru-
lent contamination (2B).
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#CoE : B—Moderate/#SoR:Weak
[Panel participants : 124/Vote percentage
:99.1%/Agreement percentage : 83.5%]

4.5 When delayed closure of surgical incision is per-
formed, we recommend a revision between two and
five days postoperatively (1B).

#CoE:B—Moderate/#SoR:Strong
[Panel participants : 95/Vote percentage
: 98.9%/Agreement percentage : 96.8%)]

Surgical site infections (SSI) following abdominal
surgery are common and confer significant morbidity.
Therefore, there is a strong interest in reducing the rate
of SSI globally.

In addition to the practical tools for the proper closure
of laparotomy incisions, some procedures and techniques
for skin closure have been investigated to achieve a lower
rate of SSI. Delayed primary closure (DPC) and primary
closure (PC) are the most commonly used methods:
DPC can be used when contaminated and dirty wounds
with purulent contamination are created and it consists
in leaving the skin open to allow soft tissue drains, PC is
the classical direct closure of all anatomical layers—skin
included -. Currently, there is no consensus on the opti-
mal method and no indication of the best clinical practice
has been reported [92, 93].

Emergency surgery procedures are at significant risk
of contamination due to the types of interventions that
are performed daily. Therefore, we were able to find some
high and moderate level-of-evidence randomized clini-
cal trials comparing DPC and PC in our search. Based on
evidence by Banghu et al., delayed skin closure seems to
reduce SSI rates, but the trial had a high risk of bias, and
random effect model showed no evidence of difference
[94]. There is no strong evidence to support one method
over another.

Finally, we found concordant data on a surgical second
look with closure, if no wound complications are noticed,
between the second and fifth postoperative day [92—-94].

4.6 Postoperative restriction of activity

No recommendation about postoperative physi-
cal restriction after open abdominal surgery can be
made due to the lack of evidence, and further trials
are necessary.

No voting was requested for this statement because
no specific recommendation is being made.

There are very limited data on the optimal time of
physical restriction of activity after open laparotomy
surgery. In the literature research, only one systematic
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review was found surgeons suggest a variable period of
convalescence and physical inactivity to reduce the risk
of incisional hernia, but this period usually ranged from
1 week and 3 months for different types of approaches
and procedures [95].

On the other hand, as stated by Enhanced Recovery
After Surgery (ERAS) Society Recommendations in elec-
tive colorectal surgery, early mobilization after abdominal
surgery is widely regarded as an important component
of perioperative care. Prolonged immobilization is asso-
ciated with various adverse effects and patients should
therefore be encouraged to increase a rapid return to
movements and walks after surgery. No data are available
about the timing of early mobilization in terms of post-
operative days [96].

Therefore, no recommendations can be given on
restriction of activity after open abdominal surgery and
randomized controlled trials are necessary to state a safe
period of recovery.

4.7/4.8 Negative pressure wound therapy (NPWT)
for wound healing after emergency laparotomy

4.7 In patients undergoing primary closure after
emergency laparotomy with high risk for surgical site
infections, we recommend prophylactic incisional
NPWT dressing on the closed skin (1A).

#CoE:A—High/#SoR:Strong
[Panel participants : 125/Vote percentage
: 100%/Agreement percentage : 92.8%]

4.8 No recommendation about a specific type of
incisional NPWT dressing can be made due to the
lack of evidence.

No voting was requested for this statement as there
was no recommendation.

Patients undergoing emergency laparotomy—with or
without bowel surgery—are particularly at risk for sur-
gical site infections (SSI). Incisional negative pressure
wound therapy (iNPWT) has been shown to reduce
surgical site infections in the elective setting, but until
recently data were limited to the emergency setting [15].
Some observational retrospective studies with propen-
sity-matched analysis, systematic reviews and meta-anal-
ysis, and a Cochrane review have been published after
2019 aiming to assess the role of iNPWT in trauma and
emergency surgery [97—100].

Data suggest that in a population at high risk of devel-
opment of SSI, iNPWT resulted in a lower risk of wound
infections. Patients undergoing emergency laparotomy
for a gastrointestinal procedure and at high risk of devel-
oping SSI, seem to be the target population in which
iNPWT has beneficial effects [101, 102].
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No specific data about the type of INPWT to be used
(e.g., PICO, PREVENA, others) were identified; thus,
our group could not make any specific recommendation
about it.

Section 5
5. Prophylactic mesh augmentation

5.1 Is prophylactic mesh augmentation beneficial
for the closure of laparotomies in emergency settings?

The original version of this statement—in light of the
evidence from literature and after the open discussion
at the 9th WSES International Congress in Perth, West-
ern Australia—was submitted in a Delphi process to the
WSES Board of Directors and experts: the panel did not
reach an agreement of at least 80%, and consequently, this
statement will not be considered as a recommendation in
the current guidelines.

We report the original version of the statement with the
agreed percentage from the panel polling.

We suggest the use of prophylactic mesh augmenta-
tion in the closure of midline laparotomies in emer-
gency settings to decrease the risk of incisional hernia
(2B).

#CoE:B—Moderate/#SoR:Weak
[Panel participants : 121/Vote percentage
: 100%/Agreement percentage : 67.7%)

The current evidence on the efficacy of prophylactic
mesh augmentation is overwhelming. Data highlight a
significant reduction in the incisional hernia rate in elec-
tive settings, and trends suggest a significantly lower
rate of incisional hernia in emergency laparotomies [13,
15, 103]. Prophylactic mesh augmentation after midline
incision significantly impacts incisional hernia and does
not predict an increased risk of postoperative complica-
tions [104—115]. However, a systematic review on the use
of mesh in emergency surgery included only two small
RCTs. The evidence does not suggest that the wound
failure is lower in the mesh group [104]. Other observa-
tional studies are likely biased, and data must be regarded
carefully, specifically about SSI rates. A large number of
surgeons are still concerned about mesh reinforcement in
cases of contaminated surgery.

Recent meta-analyses confirm robust evidence sup-
porting the role of mesh as prophylactic augmentation
in the closure of the abdominal wall after laparotomy:
incisional hernia rate decreased significantly, but on the
other hand, an increased trend in wound complications
was identified. Consequently, we decided to downgrade
our recommendation to a suggestion.
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Anyhow, in the closure of midline laparotomy incisions
in an emergency setting— specifically in the case of high-
risk patients for fascial dehiscence—prophylactic mesh
augmentation appears to be effective in preventing inci-
sional hernia and safe for postoperative hospitalization.

5.2 Which type of patients should be considered for
prophylactic mesh augmentation?

We suggest considering prophylactic mesh augmen-
tation, particularly in patients with an increased risk
of incisional hernia development (2B).

#CoE:B—Moderate/#SoR:Weak
[Panel participants : 113/Vote percentage
: 97.3%/Agreement percentage : 80%]

Risk factors for postoperative hernia development are
already reported in the introduction section of this paper
[11, 12].

5.3 Which type of mesh, which mesh position, and
which type of mesh fixation should be considered for
prophylactic mesh augmentation?

In light of current evidence, for prophylactic
mesh augmentation no specific type of mesh can be
recommended.

There is uncertainty about the type, position, or the
type of fixation that should be used when prophylac-
tic mesh augmentation is performed after emergency
laparotomy. Evidence about mesh positioning is het-
erogeneous: onlay mesh position and retromuscular
position are both recommended, even in emergency
surgery, but future perspectives are needed to clarify
the role of other types of meshes—absorbable and
biological, for example, as well as other mesh place-
ment positions (2C).

#QoE:C—Low/#SoR:Weak
[Panel participants : 117 /Vote percentage
: 100%/Agreement percentage : 87.1%]

No studies specifically compare the types of mesh used
as prophylactic mesh augmentation. In terms of inci-
sional hernia and postoperative surgical incision com-
plications, in the series we analyzed, different types of
mesh were analyzed: absorbable synthetic, non-absorb-
able synthetic, and biological meshes [116, 118]. Most
guidelines and systematic reviews try to investigate any
difference in the wound dehiscence rate after absorbable
or non-absorbable mesh implantation, but clear data are
lacking. None of the randomized clinical trials we con-
sidered highlight any significant differences in incisional
hernia rates between different prophylactic mesh types.
In addition, only a few randomized clinical trials specifi-
cally investigated prophylactic mesh types in the emer-
gency setting and the occurrence of incisional hernias or
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postoperative complications. Accordingly, synthetic non-
absorbable, absorbable, and biological meshes should be
considered even in the emergency setting. Future studies
are needed to clarify the most appropriate mesh position
and fixation techniques.

Only a few randomized clinical trials compared differ-
ent prophylactic mesh placements, without a high level of
evidence in these analyses. Most studies investigated the
role of mesh implantation in an onlay or retromuscular
positions showing a significant reduction in the incidence
of incisional hernias; however, a higher risk of wound
complications has been reported in most series when
compared to primary closure alone [117]. In the specific
subgroup of cases treated in the emergency setting, pro-
phylactic onlay or retromuscular mesh augmentation the
evidence reported in the elective setting is confirmed [12].
Although a lower rate of incisional hernia was reported,
there is a lack of evidence about long-term complications
following the intraperitoneal prophylactic mesh position-
ing. In addition, there are several concerns about the use
in contaminated fields and the increased risk of adhe-
sive complications. No data were found about outcomes
according to different techniques of mesh fixation.

Section 6
6. Trocar wounds for laparoscopic surgery and single-
port surgery

6.1/6.2 Trocar size and type

6.1 Trocar-site hernia rates increase when trocars of
10 mm or larger are used and when trocars are intro-
duced midline. We recommend using the smaller
trocar size appropriate for the procedure and on an
off-midline location when possible (2C).

#CoE:C—Low/#SoR:Weak
[Panel participants : 117/Vote percentage
: 100%/Agreement percentage : 89.7%)]

6.2 Trocar-site hernia may increase when bladed
trocars are used. Surgeons may consider using non-
bladed trocars when available (2C).

#CoE:C—Low/#SoR:Weak
[Panel participants : 117/Vote percentage
: 100%/Agreement percentage : 89.7%]

6.3 Closure of trocar incision

We suggest closing the fascial defect caused by the
trocar placement when trocars of 10 mm or of larger
sizes are used (2C).

#CoE:C—Low/#SoR:Weak
[Panel participants : 116/Vote percentage
: 100%/Agreement percentage : 93.9%]
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6.4/6.5 Single incision laparoscopic surgery and
incisional hernia

6.4 We recommend conventional laparoscopic pro-
cedures over single incision laparoscopic surgery
(SILS) due to a higher risk of incisional hernia with
the SILS technique (1B).

#CoE:B—Moderate/#SoR : Strong
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Conclusions

Incisional hernias and postoperative complications
(wound dehiscence, fascial dehiscence, and surgical
site infections) represent frequent complications after
midline laparotomy, which is still the best approach to
the abdomen in case of emergency settings for trauma,

[Panel participants : 116/Vote percentage : 100%/Agreement percentage : 89.6%)]
P P P g g 8

6.5 When SILS is performed, surgeons might con-
sider meticulous fascia closure to decrease the risk of
incisional hernia formation (2C).

#CoE:C—Low /#SoR:Weak

intra-abdominal sepsis management, and other acute
abdominal conditions. The estimated incidence of IHs
following major abdominal surgery ranges from 2 to 40%

[Panel participants : 116/Vote percentage : 100%/Agreement percentage : 99.1%]

Trocar-site hernia (TSH) is a rare complication of lapa-
roscopic surgery with a likely under-reported incidence
of 0.1-1.0%. The literature on the topic is heterogeneous
and typically reports data on elective and bariatric sur-
gery cases. In our search, we identified only four system-
atic reviews including patients treated in the emergency
setting and without any subgroup analysis; the quality of
evidence was very low/low/moderate [119-121].

Regarding trocar size and location, there appears
to be a higher risk of TSH when trocars of 10 mm or
larger are used and when trocars are placed in the
midline [122, 123]. In addition, clear evidence com-
paring bladed versus non-bladed trocars underlines
a statistically significant lower incidence of TSH with
non-bladed instruments.

Before the recent systematic review by Gutierrez et al.,
there was a consensus on the indication of fascial clo-
sure for trocar sites of 10 mm or more; in this recent
paper, comparing fascial closure between 5 and 10 mm
ports, no difference in TSH was reported, although leav-
ing the fascia open may reduce operative time [124]. No
specific data about the emergency setting is reported on
this topic. Accordingly, we downgraded the strength of
recommendation of our statement as further studies are
necessary to clarify this issue.

Two systematic reviews of moderate certainty about sin-
gle incision laparoscopic surgery (SILS) compared to tra-
ditional multiport laparoscopic surgery were published.
The first reports on a variety of surgical procedures, and
the second focuses only on laparoscopic cholecystectomy
cases [125, 126]. Both studies showed an increased risk
of incisional hernia after SILS compared to conventional
laparoscopy. Therefore, we recommend conventional lapa-
roscopy procedures instead of SILS. If SILS is performed,
meticulous fascia closure is mandatory.

across studies, considering both elective and emergency
procedures [1, 2]. The previous version of international
guidelines investigated the abdominal wall closure tech-
niques exclusively in elective surgery but provided no
specific recommendations about emergency surgery
cases.

A panel of experts from the World Society of Emer-
gency Surgery discussed a series of key questions in a
double-step process, firstly during the 9th World Con-
gress of the WSES and then through a Delphi ques-
tionnaire among the WSES Board of Directors. The
ECLAPTE project defined the optimal technique to
close a laparotomy incision performed in the emer-
gency setting, the optimal suture material, the role of
retention sutures, and provided some advice about
perioperative care. Our review focused on innovative
and modern aspects of acute care surgery and trauma
care. We examined the role of prophylactic mesh aug-
mentation and provided suggestions about laparoscopic
surgery when performed.

Moreover, areas for important future research were
identified. Wound irrigation solutions, period of
restriction from physical activity, the type and posi-
tion of prophylactic mesh are relevant topics for future
investigations. In addition, a significant point missing
in literature, notorious neglected IHs site, is drain site
incision: future perspectives are needed to clarify also
the best closure technique for this incision.

Finally, the WSES advocates the adoption of these
guidelines as a safe and evidence-based common
approach in the emergency setting, but at the same
time it encourages the development of local pathways
based on the available evidence and resources.
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Abbreviations

IH Incisional hernia

WSES World Society of Emergency Surgery

EHS European Hernia Society

CoE Certainty of evidence

SoR Strength of recommendation

RCTs Randomized clinical trials

SL Suture length

WL Wound length

SSls Surgical site infections

CDC Center for Disease Control and Prevention
DCS Delayed laparotomy closure

PC Primary closure

ERAS Enhanced Recovery After Surgery

iINPWT Incisional negative pressure wound therapy
TSH Trocar-site hernia

SILS Single Laparoscopic Surgery
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