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Rezumat

Herniile incizionale cu pierderea drepiulii la domicilin: o noud abordare
a unet vechi probleme san elefantnl din sufragerie. Revizie a literatunii

Hernia incizionald (HI) este un defect postoperator la nivelul
peretelui abdominal prin care continutul cavitdtii peritoneale,
acoperit de seroasa peritoneald, se exteriorizeazi sub piele. HI sunt
entititi eclinice unice datoritd diferentelor de complexitate
anatomicd dar si datoritd comorbiditdtilor associate si istoricului
chirurgical. Pe misurd ce crese in dimensiuni, evolutia naturald
spre complicatii este aproape regula. Obiectivul acestui studiu este
de a reevalua impactul formelor de hernie incizionald cu pierderea
dreptului la domiciliu asupra peretelui abdominal inainte dar s
dupd reconstructia acestuia. Absenta anatomich s funetionald a
liniei albe conduce la o serie de alterfivi musculare, patologie
cronicd respiratorie si digestive precum s la probleme psiho-
sociale. Asocierea scfiderii presiunii intra-abdominale (PLA) este un
factor agravant al acestor tulburfiri. In timpul si dupd recon-
structia peretelul abdominal, reintroducerea fortatd a viscerelor
intr-o cavitate peritoneald nepregititd conduce la cresterea brutald
a volumului cavitar si implicit a PIA co implicatii fiziopatologice
severe, uneori mortale. Pentru o reconstructie parietald optimala st
sigurii peretele abdominal trebuie augmentat prin atingerea
urmatoarelor obiective: reducerea volumului confinutului sacular,
imbunftitirea compliantei, largirea volumului contindtorului. Mai
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mult, sunt necesare cunostinge privind managementul local si sistemic al ansamblului de
modificiri, evaluarea pacientului prin examen computer tomografic, monitorizarea PLA, a presiunii
de platou si a presiunii expiratorii positive. Obiectivele pot fi atinse prin optimizares sistemicd cu
ajutorul unei echipe multidisciplinare, prin utilizarea preumoperitoneulul progresiv preoperator
(PPP) si fsau a toxinei Botulinice la care se adaugl reconstructia peretelui abdominal prin tehnici
de separare a componentelor intdrite de material protetice adecvate situatie clinice si anatomice.

Cuvinte cheiel hernie incizionald, pierderca dreptului la domiciliv, insuficientd respiratorie,
presiune intra-abdominali, hipertensiune intra-abdominald, sindrom de compartiment abdominal

Abstract

Incisional hernia (TH) is a postoperative defect of the abdominal wall through which the contents
of the peritoneal cavity are externalized beneath the skin in a peritoneal sae. TH differs in
anatomic complexity, but also in its associated comorbidities and surgical history, As TH enlarges,
complications occur and these become part of its natural history. The goal of the study is to review
the impact of loss of domain upon abdominal wall before and after abdominal wall reconstruction.
The absence of anatomical and functional linea alba leads to a combination of muscular
disturbances, chronic respiratory and gastrointestinal conditions, and peychosocial issues. The
pathophysiological changes are also due to the decrease of the intra-abdominal pressure (LAP).
During repair, the sudden reintroduction of the viscera into an unprepared cavity leads to a
sudden increase in cavity volume and an increase in ITAP with fatal pathophyvsiological implica-
tionz, For an optimal repair, preoperatively, the abdominal wall must be augmented by achieving
the following objectives: reducing the volume of the sac contents, optimizing compliance, enlarge-
ment of the container. At the same time, for the optimal repair, the following must be taken into
aceount’ increased knowledge about this condition to manage systemie and loeal changes, CT scan
evaluation, monitoring [AP, plateau pressure (PP), and Positive End Expiratory Pressure (PEEP).
In conclusion, the goals can be achieved by systemic optimization with a multidisciplinary team,
using Preoperative Progressive Preumoperitoneum (PPP) and/or Botox (BTX), and abdominal
wall reconstruction through a mesh with aupmented component separation technigue.

Key worlds incisional hernia, loss of abdominal domain respivatory failure, intra-abdominal
pressure, intra-abdominal hypertension, abdominal compartment syndrome

Introduction

An incisional hernia (IH) is defined as a post-
operative, abnormal weakness or orifice in
the abdominal wall, through which, normally
contained viscera, alwavs enveloped by a
serous sac, protrude beneath the skin (1,2).
Despite the considerable improvements in
surgical know-how (innovations, suture
materials, suturing techniques, mesh, and
laparoscopy), the incidence of incisional
hernia, recurrences, and complications remains

high. The frequency of these appears to be on
the rise due to more complex, extensive
surgeries in an older, higher risk patient
group, an increasing population, and longer
life expectancy. All these factors emphasize
the fact that the topic is one of major medical
and economic importance (3,4). We propose in
this study to review recent literature in
order to update some important concepts
regarding definition of logs of domain, physio-
pathology of the anatomical disturbances,
and the consequences of the un-prepared
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abdominal wall reconstruction upon respira-
tory funetion and intra-abdominal pressure.

Materials and Method

The authors conducted a research through
electronic databases: PubMed, Scopus and
Web of Science using the following search
formula: “(incisional hernia OR wventral
hernia) AND (loss of demain)”. Three
inclusion criteria were applied: the articles
must be available full text, written in English
and publizshed no more than 10 years ago.
The references of the selected papers were
also checked for other relevant material. The
resulting references were included in the
current review, focusing on loss of abdominal
domain in incisional hernia. In the end. a
total number of 28 articles were included in
this research.

Concept of Loss of Domain

Hernia defects are not all the same. They
differ in their anatomic complexity but also in
their associated co-morbidities and surgical
history. Recently, Slater et al defined the
concept of “complex hernia” by introducing four
eriteria: 1. defect size and location, 2. patient
history and rizk factors, 3. contamination and
soft tissue condition, and 4. clinical scenario (5).
The size of the defect is the outmost variable in
hernia repair being an important risk factor for
Arday readmission due to severe local and
systemic complications and recurrence.

The same group included TH with loss of
abdominal domain (LOD) as being a complex
hernia but without clearly specifyving the
defining criteria. LOD is a term used commuonly
in the literature to describe the distribution of
abdominal content botween the hernia and
rezidual abdominopelvie cavity, Its repair is
fraught by severe complications and even
death (8). However, the definition has only
prognostic value for failure or success
prediction of the repair. The utility of LOD as a
morphological predictor of peri- and postopera-

tive outeomes is limited.

Recently, an International Delphi Consensus
of Expert Surgeons has developed a standardized
definition of LODG this is to be used for
comparable pre-operative assessment and trial
eomparison. According to this eonsensus, LOD is
a ventral hernia larpe enough such that simple
reduction in its contents and primary fascial
closure eannot be achieved without additional
reconstructive technigques, without significant
risk of complications due to raised intra-
abdominal pressure (7). Regarding the
volumetric method, the Consensus Group
decided that the Sabbagh formula should be
used to determine the index of LOD. This
formula is the ratio, expressed as percentage,
between incisional hernia volume (IHV), and
the sum of the abdominal cavity volume (ACV),
and THV (8). All these volumes can be easily
determined on a native abdominopelvie CT
sean, using Tanaka method (9). Unfortunately,
no consensus was reached in relation to the
cutoff point the Group leaving the decision to
the surgeon’s choice. A value larger than 20%
represents, in our opinion a minimum cutoff to
econsider an incisional hernia as being with LOD
(100,

Evolution to a functional dynamic abdomi-
nal wall reconstruction (AWR) rather than
simply patching a hole put these frail patients,
with multiple co-morbidities and LOD to
increased risk for developing intra-abdominal
hypertension (LAH) or abdominal compartment
gyndrome (ACS) (11). Efforts to reconstruct
thiz failed abdominal wall in association with
the reduction of herniated wviscera within an
unyvielding stiff abdominal wall, without
evaluation of the physiology of the abdominal
compartment raises the specter of ACS (12,13).

Anatomy, Physiology, and Physiopathology
of Loss of Domain

The abdominal wall is considered as a semi
rigid eylinder that contains intra-abdominal
viscora. It is delineated anteriorly by the
rectus abdominis muscles enclosed in its
sheaths and by the linea alba: laterally by the
trilaminar complex composed of external,
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internal oblique, and transversus abhdominis
muscles: posteriorly, the abdominal wall is
limited by the lumbar vertebrae and erector
spinal muscles (14). Due to this structure, it is
flexible in its antero-lateral dimension and
has potential cephalad distensibility (11},

The linea alba is the central tendon that
fixes rectus abdominis muscles through it
sheots, external oblique, internal obligue and
transversus muscles through their large
aponeurnses  and  ensures  their coupling
activity to stabilize torso, to allow coordinated
movements (lexion of the abdomen, rotation and
lateral flexion of the spine) and weight shifits.
Individually, lateral abdominal muscles have
different wvectors of movement according
to the direction of their fibers, but, when syner-
Eistic movements are emploved, the overall direc
tion of pull is to distract from the midline (14).

The top of the cylinder is the diaphragm
and the bottom the pelvic floor: when they
simultaneously contract, inerease intra-
abdominal pressure, and contribute to expira-
tion, micturition, defecation, and parturition.

The natural history of IH is a gradual
increase in sige according to Laplaces law
(simply stated the Law of Laplace =avs
that the tension in the walls of a container is
dependent on both the pressure of the
container and its radius). As IH enlarges
complications oceur and these become part of
its natural history.

When an [H develops the structural and
functional integrity of this cylinder is broken.
The main problem of these patients is the
absence of the anatomical and functional linea
alba which leads to a combination of muscular
disturbances, chronic respiratory and gastro-
intestinal pathology, and psyvechosocial issues.

In the absence of the linea alba, disinserted
lateral abdominal muscles, are no longer
mechanically coupled, lose their function, and
become shortened. Because of the absence of
activity and purpose, the muscle fiber bses its
contractile ability and becomes shorter (2). A
defect as large as % of the abdominal circum-
forence leads to retraction of the composite
layver of the abdominal wall (internal oblique
muscle and transversus abdominis muscle) by

20% on each side (15). The internal oblique
musecle significantly reduces its elasticity and
extensibility by 27%: stiffness is increased
nearly 60% and tensile strength is increased too
(16). The absence of strain results in decreased
cell proliferation and modification of orienta-
tion angle of the fibroblasts. The lack of activity
of the anterolateral abdominal group of muscles
i=s a major hindrance to the back museles that
are not counterbalanced by the abdomen.
Therefore, the spine is strained into a dorsal
kyphotic accentuation and postural reflex
contraction of the vertebral musculature. The
rectus abdominiz muscles and erector spinac
muscles maintain torso stability also. Due to
the disruption of the linea alba, rectus muscles
became dysfunctional, and the columns are
uneoupled which inereases the pressure on the
lumbar column. Back pain becomes a major
symptom for which no statistics on prevalence
are supplied in the literature (17,18). Upper
and lower activities of the torso are also
affected: decreased stahilization during physical
activity, decreased coordination of movements,
and inability to weight shifts. These modifica-
tions are reversible after abdominal wall
reconstruction as stated by Dubay et al. (15).

In patients with LOD, chronie respiratory
insufficiency is a major feature. The altered
respiratory function is a summation of
pathological factors related to extreme obesity,
amoking and cardiovascular comorbidities
connected to factors induced by the loss
of domain® loss of the contribution of the
abdominal muscles, decreased I[AP and
diaphragmatic impairment. Secondary dorsal
kyphosis is another contributing factor for
respiratory disturbances. In 1973, Rives
emphasized the therapeutic problems and
respiratory implications of large abdominal TH
introducing the term “thoracic-abdominal
compartment” to describe the link between the
chest and the abdomen (19). These complex
alterations were named “volet abdominal”® or
“abdominal shutter”. This leads to a four
phases “paradoxical respiration” (19). Briefly,
abdominal wall moves in and out during both
inspiration and expiration being unable
(together with the diaphragm) to contract
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against the viscera. During inspiration, the
bowels are forced out. The result is a major
chronie respiratory  insufficiency through
reduced respiratory compliance (hoth
pulmonary and thoraco-abdominal), increased
resistance of the airways, decreased functional
residual capacity, and decreased oxygenation.
The entire mechanical work of breathing is
altered. In obese patients, the presence of LOD
can mask all these disturbances with an
inereased vital eapacity and increased residual
volume/total lung capacity ratio (19). These
disorders underline the inefficiency of the
diaphragm and abdominal muscles when their
contraction acts on an open, extended, extra-
abdominal cavity The diaphragm does not
contract against the abdominal viscera,
which are no longer retained by the museular
abdominal wall. The decreased intra-abdomi-
nal pressure (LAP) alters the balance between
intra-thoracic and LTAP leading to the modifica-
tions of the diaphragm shapes which became
flattened {20).

A decreased [AP induces disturbances in
prezsure within hollow viscera with chronie
distension and chronic edema of the mesen-
tery and visceral wall. Chronic traction of the
outside viscera extends the mesentery, which
thickens, The continued obstructed venous
and lymphatic return add a new dimension to
the increased global volume of the viscera.
This leads to chronic bowel dilatation and the
logz of the balance between the visceral and
parietal tonus (20). The viscera chronically
outside the abdomen suffer pravitational
chronie stretching and elongation, which
worsens the edema. Portal circulation is also
affected and it is a contributing factor in
venous mesenteric stasis. In association
with wvisceral adhesions and incompetent
abdominal wall, all the above-mentioned
mechanisms lead to a poor bowel function,
chronic micturition disorders, chronic abdomi-
nal pain, and discomfort.

The skin also suffers important changes.
Uzually, secondary to the pressure of the vis-
cera, the covering skin becomes extremely
thin due to an absence of the subcutaneous
fat. Disorders of the subcutaneous circulation

induce local ischemia at the top of the bulge
with skin uleers. These ulcers are always
infected, and microorganisms are always
found at the edges of these uleerations. The
treatment is usually conservative with topical
antibacterial agents rather than svstemic
antibiotics (21). Another dermatological
problem is intertrigo, more frequently seen in
diabetic patients. Unlike trophic uleers, which
cannot be eliminated, intertripo is easy to
treat and eradicated before surgery.

Physiopathology of Abdominal Wall
Reconstruction

Closure of large defects is fraught with
possible and severe complications. During
repair, the sudden reintroduction of viscera
into an unprepared abdominal wall cavity
leads to sudden increase of the eavity volume
and increase of the LTAP. The abdominal cavity
can accommodate modest increases in its
volumes through reshaping and stretching:
this explains why [AP does not excead critical
values with the most “modest” hernia repairs
(16). When compensatory mechanisms are
exceeded, [AP rises greatly and exponentially
exposes the patient to intra-abdominal hyper-
tension syndrome (IAHT) or, even worse, to
abdominal compartment syndrome (ACS)
with respiratory compromise, renal failure,
mesenteric ischemia, pro-inflammatory status,
and multi-system organ dvsfunction. Obesity
can exacerhate the increase of TAP (12).
Because AWER becomes more common, we
shortly review the risks and implications of
IAHTV/ACS in the light of the potentially
serious issues regarding [TAP Measuring the
IAP before, during, and after AWR is often
ignored and this represents a serious
drawhack because it is responsible for most
respiratory shortcomings. Inereazed AP
elevates the diaphrapm, reduces pulmonary
and chest wall compliance, use of respiratory
accessory muscles with increased effort of
breathing for equal respiratory volumes,
reducez airway clearance, and increases
airway resistance. In association with the
patient’s comorbid condition, this multifactorial
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event trigger respiratory complicationsfailure.

In LOD patients, respiratory events have
been reported in one of five subjects (2223)
and are was associated with significantly
increased surgical morbidity and mortality
(18-fold greater death rate), prolonged hoepi-
tal stay (four-fold greater), and additional cost
burden. Incidence of postoperative pulmonary
complications is unfortunately unclear given
the lack of consensus on definitions and
reparting in the literature (22). It is difficult
to identify risk factors for postoperative
respiratory morbidity, but it is important to do
a0 in order to associate impact on resource
mobilization and open the opportunity for the
optimization of treatment strategies and
interventions. Older age, male sex, congestive
heart failure, lung disease, obesity, and
sleep apnea are some of the risk factors
independently associated with inereased risk
of respiratory failure (24). Fischer et al,
recently identified that intracperative hlood
transfusion, ASA score higher than 2, and
fascial closure are surpical factors associated
with respiratory morbidity (23). In a retro-
spective analvsis, Mommers et al showed that
hernia sac volume was highly associated in
univariate and multivariate analvsis with
respiratory events (p= 0.045 95% CL 1.008
1.9100 (25). Oprea et al, recently demonstrated,
in a retrospective study, that all patients
developed IAHT in various degrees after trans-
versus abdominiz release abdominal wall
reconstruction in patients with defects larger
than 10 em, and 24 of them (23.7%) had
pulmonary involvement in their outcomes
(26), The main factors involved in respiratory
compromise were postoperative elevated LTAP
and hernia 2ae volume.

In patients with risk factors for TAHT, it is
necessary to measure [AP with simultaneous
evaluation of the respiratory function (27). No
clear algorithm for monitoring these patients
has yvet been developed, but two main pres-
sures values must be registered:

1. Peak inspiratory pressure — is the
pressure required to push the air through
the ventilator circuit and into the lung: it
is measured at the end of the inspiration.

2 Plateau pressure — is the pressure
required to maintain the air space open
after breath delivery. This value is not a
function of flow resistance in the airway
and is directly related to the recoil force
of the lung and chest wall. Increased
plateau pressure is closely related to a
decreased compliance caused by abdomi-
nal hypertension. The difference between
the values recorded at the opening of the
abdominal wall and at the end of the
anterior fascia closure iz the delta
plateau. If the value is larger or equal to
6 em He20), there is a nine-fold risk to
develop respiratory complications: the
risk inereases to 12-fold if the value is
larger than 9 cm (20).

The increase of IAP during surgical repair
and the early postoperative period is accompa-
nied by deterioration of CO:z elimination
{lincreased PaC02) followed by a decrease in
arterial oxygenation (decreased oxvgenation
index - PaODoFi0e); this suggests an impairment
af the respiratory function after procedure.

One factor that can be involved in the
outeomes of LOD patients is the abdominal
compliance (Cab) which reflects the ability of
the abdomen to accommodate the reduction of
large hernia volume. It plavs a very important
role in understanding the deleterious effects of
mizfit intra-abdominal volumes on [AP and
organ dyvsfunction. Unfortunately, measu-
rements of Cab are difficult at the bedside. Some
indirect measures are available in mechani-
cally ventilated patients: the AIAP (= IAP at
the end of inspiration minus the AP at the
end of expiration) and the abdominal pressure
variation (APV= ATAP divided by mean IAF)
are such parameters, and they are negatively
correlated with Cab, ie, the higher AIAF or
APV, the lower Cab (10), Therefore, if we could
identify patients with a low Cab, we could
anticipate and select the most appropriate
surgical treatment in order to avoid possible
complications related to INHTIACS (26-28).

Strategies to Avoid IAHT/ACS

LOD patients are not emergency cases in

0 wr revistachirurgia.ro

Chirurgia, 117 (1), 20@2



ncisional Hernbas with Loss of Abdominal Domain: A Mew Look o an Older lssue or the Elephant in the Liv ng Fioam. Literatre Resaw

Table 1.  Factoms ascocisted with decreased abdomenal compliance

A Relsbed 1o anbhropomerphy and Semographics
» Mals gender

» (id age (loss of elasic recol)

» Obacity (weight, BMI)

* fhndroid composition (sphere, apple shape)

» Incresed visceral tat

 ‘Waisl-in-hip rabio = 1

» Short stature

B. Helsbed 1o comarbidilies and 'ef intreased non-cemprescibile AV
® Pl overioad

» Bowals flled with fhed

# Slomach filed with Thed

» Tensa ascites

* Hepeiomegaly

* Splenomepgaly

# Abdominal uid colections, pesudocyst, abscess
» Distetas

» COFD

L. Relaled o shdeminsl wall snd diaphragm

» Muscle conlractions (pain)

# Body baalders [si-pack)

# Abdominal bum eschars (ciculan)

« Thorecic bum eschars (circdar)

# fectus sheah hematoma

# Multiple pravious abdominal operslions

+ Mecharical venilabion (pasitive prassare)

# [ighiing the venblator

» Use of apcessony mustles

# Use of positive end expiratony prescurs (PEEF)
+ LOPD emphysema daphragm Naening)

almost all instances but a challenge to restore
the anatomiec and funetional integrity of
the cylinder without severe complications.
Therefore, the goal is to maximally optimize the
patient with adequate preoperative prepara-
tion. Leaving aside systemic optimization
(smoking cessation, albumin > 3.5 g/L, hlood
glucose level around 150 mg% and HbhAle less

or equal with 6.5%, compensated cardiovaseu-
lar function) the semi-rigid container will
require modifications increasing capacitance
(compliance), reducing the wvolume of the
contents, physical enlargement of the
container, For an optimal repair all of these
goals have to be fulfilled.

|'I:I:I|"|':I'l£.|'-l' A .l'.glr b I'.lu'rH e I'.lufl I |'I.|r LTNErerts —
weight loss will decrease the volume of the
abdominal viscera (central obesity) which is
an important part contributing to TAHT
Although visceral content can be reduced
assuming omentectomy, right hemicolectomy or
enlarped small bowel resection. There are no
large studies to confirm the benefits of such
procedures and in general they are encum-
bered by serious risks and complications such
as fistulas, mesh infections, ete.

Clofimnzing compdianee — use preoperative
injections of the abdominal wall with Botox 4
to 6 weeks before surgery.

Fofarcement of the conifannor — use pra-
operative progressive pneumoperitoneum alone
or associated with Botox. The container can be
enlarped using unilateral or bilateral anterior
(Ramirez) or posterior (transversus abdominis
muscle release — TAR) component separation
technigues, In a recent study, TAR show an
increase of the peritoneal volumes almost
identical to the preoperative caleulated value
(11,015.82 = 218444 em® versus 121718 =
2079.07 em® (Student’s t test: P= 0.076 F test:
P=0.739) (10).

In a recent review, primary closure was
achieved after PPP in 84% of the patients after
PPP and in 100% in Botox patients (13). The
recurrence rate ranged between 6 and 7.2%.

Table 2. Advantages of the PPF and BTX for optimization of the abdominal wall

Progressive presperabie pheamapetiiaheum

Balux injections

1. Increesing of the ACY with 49 to 53% wilhin 15 to 21 days of insuflzion

1. lateral msscle relanabion - Increage vistanl reducion

2. Increasing of the abdominal wal musck lengh up 1o 8 cm

2. reduca |akeral physiobgical forces — dacreass delect

3. Preumatic adhesyolsis; redece tha amount of dissscion and operative time

3. reducs tension & cloeurs — dacraacs WA

4. Improves daphvagmasc hnction

i, ensure SulurE ling proteciion — low recumence rale

5. Aeducas the cheonic adema of the mesantery

5. incresss musde length, decreass lateral m Seckrecs

6. Unmasked addtional dedects

B. Increasa ransversal leng®h ol the AW

7. Sponfanacis reduchion of the viscers

. primary fascial closure in up by 85%

B. Ferwer analgesic requirements

8. décrease pain
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Lessons to Be Learned

L

2

LOD is a morbid condition with a poor
guality of life for the patient.

Abdominal CT scan is mandatory for
defining LOD and for assessing the nature
of the contents, volume of the contents of
the =ae, the percentage of the contents in
the sae, and the size of the defect.

It iz necessary to know the anatomical and
physiological changes in the abdominal wall
and abdominal wall cavity, which develop
during the evolution of a giant hernia.
Systemic optimization by a multidiscipli-
nary team (pneumologist, cardiologist,
anesthetist, nutritionist, bariatric surgeon)
is essential for a good quality surgery and
optimal results.

Ahdominal optimization alone or in combi-
nation with PPP and/or BTX iz the corner-
stone in avoiding IJAHT/ACS and severe
respiratory complications.

Always use an abdominal wall reconstruc-
tion through a mesh augmented component
separation technigue, which increases
intra-abdominal volume and restores
domain through myofascial advancement
and medialization of the rectus complex.

. Monitoring of IAP, plateau pressure, and

PEEF are easily quantifiable parameters
for determining high-risk patients. If delta
plateau values are higher than 6 em H20,
keep the patient intubated and ventilated
for 24 hours in order to prevent respiratory
failure induced by IAHT. Postoperative
respiratory morhidity is a relatively
understudied area in AWR and warrants
significant attention as postoperative risks
can be significant.

Open communication between surgical and
anesthesia teams can improve patient care.

Aunthor’s Contribution

All authors equally contributed to literature
search, drafting the manuscript, and revising
the final form.

Conflict of Interest

The authors declare no confliets of interests.
Source of Funding: none.

Ethical Approval: not necessary: no human
subjects involved in this research.

References

1. Sanders DL, Kingsnorth A The modesn manzgement ol incisional hemeas.
S 2012;384: 22843

2. Flament JB, Rives J, Palot J, Burde A, Avise C. Treslmenl of Major
Incisional Hemigs. In: Bendzvid A, Abrahamson J, Arregui Me, Flament B
(eds.} Abdominal Wall Hemdes. Principles and Management, New-York,
Barlin, Heldeberg: Springer Verlag: 2001_ p. 508-516.

3 Distr L&, Winkler M5, Harizl B, Fletschhackes &, Wisgening A, lsbert C, &t
gl imporance of recurence ratting, morphol ogy, hemia gap see, and nsk
Ectors in veniral end incisional hemia clssification. Hemiz 2014;18{1)
18-30,

4, Bower C. Roth 5. Economics of abdominal wall reconstnaction, Sung Clin
North Am. 30713;83(5):1241-53

5, Siaer NJ. Monigomery &, Berevoet F, Carbonell AM, Chang A, Franidin M,
et . Criteria for definibion of complex abdominal wall hesnia. Hemiz 2014;
W17

6. Parker 56, Halligan 5, Blackburn 5, Plumb A00, Ascher L, Mallett 5, ot al.
What Exacily is Meznt by “Loss ol Doman® for Veniral Hemia. Systematic
Fewizw ol Definiions. World J Suwg. 2010433 354,

7. Parkar 56, Halligan &, Lizng MK, Muysoms FE, Adrales G, Boutal &l al,
Diefinitions for Loss of Domain: An International Delphi Consensus ol Expen
Surgeons. Workd J Surg, A0 44 d) W0 A0- 1078

8. Sabbach C, Dummont T, Riobert B, Badoni R, Verheaghe P Regimbeau JM.
Pariloneal wolume s predidive of tersio-fee fmcla closwe of lwge
Incizional hemizs wih koss of domain: a prospedive study. Hemia. 2011;
15(5) 559-55.

8. Tenaba EY, Yoo JH. Rodrigues AJ Jr, UtyiamaEM, Birlini D, Rassln 5 &
computerized bomogeaphy scan method for caloulating the hemnia sc and
sbdmingl cavily wolume in compdex kamge incisional hemizs with |oss of
domain. Hesnia. 2010;14(1):63-9,

ML Oprea W, Aosian M, Merdake &, Grad 0. s transversus. sbdominis muscl
release sustanable for the reconstuction of peritoneal volumes? A retm-
spective compuled iomogreaphy study Im J Albdom Wall Hemia Sueg A0010;
1593

11, Mavmndim CI, Pariz= G, lon D, Anloniaz V1, Abdominal compartment syn-
drome -- & major complication o Bige incisional hernia surgery. Chinga
[Bucurl. AN 084 14-T,

12 Schioeser KA, Maloney SH, Prasad T, Colavita PD, Augenstein \, Hennlford
T. Too big to breathe: peedicions of respiralony fallure and insufficiency afer
open veniial heenia repar, Swig Endose. A0 36 0%4131-4139 Epub 2019
(ct 1.

13 Elstner KE, Read JW Rodviguer-fcevado 0, Ho-Shon K, Magnussen J,
Mzbeel | Freoperstse wogressive preumopesfoneum
chemical component relaabion in complex wenial harnia repair Surg
Endosc, 20173 1(4):1914-14922. Epub 2016 Aug 22

1. Mancind &), LeHN, Loss of Abdominal Domain: Definitions and Treatmen
Swasgies In Movilky YW (ed) Hemia Surgery. Swikerland Springes
Intermational Publishing: 20M6. p. 361-366.

15 Dublay D, Chei W, Urbanchek MG, Weng X, Adamson B, Dennis G, e al.
Incisionzl hemiation induces decreased sbdoming wall compliznce via
obligue muscle atrophy and fibrosis. Ann Smg. 2007 245(1) 14046

16 Kirkpalrick AW, Nickarson [, Aobers [, Rosan MU, McBath PB, Peteo CC,
et &l Inra-Abdomingl Hypestension and Absdominal Compariment

www.rewistachirurgia.ro Chirurgia, 117 (1), 202

10



11



Incasional Hernias: with Loss of Abdomenal Domain: A New Look 1o an Older kzswe or the Elephant in the Living Room. Literature Revaw

Eyndrome: After Abdomingl Wall Reconstruction:
Scand J Surg. 2017, W06(2)87-106. Epub 2016 Ad 27,
Teirlkine VE, Belyansk J. Klima DA, Hennifond T, Loss of Abdominal Wall in
Jacoh BP, Azmshaw B (pds). The SAGES Manud of Hesniz Repaic New-
York: Springer Scence+Bussines mediz 2013 p. B3-370

Rosan M. Lioss of domeain — definilion and management, SAGES 12 worid
congress ol endoscopic surgery. Washinglon, OC April 15, 2000

Rivas J, Pum JC. Flamat JB, et 2. Major Incisional Hemizs. In Chewral JP
(edd) Surgery of the abdominal wall. Barlin: Springer; 1967 p. 116-144,
(Gamia MA. Loss of Abdominal Domain, bn Davis 55 r, Dekin G, Bates A
(es) The SAGES Mamsl of Hemia Swpery 2nd Ediion. Switrarlznd:
Epringer Mature; 2019 p. 373-300.

o auhors listed Incisional hernia: the problem and the cure. J Am Coll
Surg. PO VBB 442047

Blatnik J4, Brpatz DM, Pesa NL, Wisl P, Harth KC, Nowitsky YW, et al.
Predicting severe posioperalive respastory complications following
ahdominal wall reconsinaction. Plast Reconsty Surg. 2012, 13004036041,
Fischer P Wes AM, Wink 0, Metson U8, Brasiow BM, Kovach 5. Anzlysis
of risk {zctors, morbidiy, and cost associied with respiratory complications
foliowing abdominal wall reconstasction. Plesi Aeconsr Swp. 2004

Symdiomes?

21

1331147156

Sood AV, Lipia AB, Neligan PG, Lanie (, Wright 5, Gitezn NS. Respiziony
Falwe folowing Abdomeal ‘Wall reconsinchon: An Analjss of e
Halionwide Impatient Sample. Plast Recorstr Surg 2019;143(1):
165e-171e

Mommers EHH, Wegdam A8, van der Wolk 5, Nenhuljs S de Vries
Redingh TS, Impact of hernia volume on pulmonary compd calions ioliow-
Ing complex hemiz rapair. J Surg Res. 2017211413 Epub 2016 Dec 7.
Dpeza W, Mepdale 5, Bulz F, Gheorghescu [, Nica R, 2ovoba 5. et d. The
Infience of Trarswersus Abdominis Muscle Relesse (TAR) for complex
incisional hemia repar on the inirazbdomingl wessure and EAmonary
function. Hemia. Epub 201 Mar 22

(Gaiduko KM, Raibuzenis EN, Hussain A, Teterin AY, Suretidn AA, Mooy
W el al Effect of intrz-sbdomingl pressure on respirstory fumction in
palients undergoing veniral hemiz repair, World J Crit Case Med. 2013,
22p-18

[Cotofena M, Musal F, Peduran WD, Andronic 0, Bolocan A, lon D.
Predictier Factors for intrazbdominal Hypertension affer Incsional Hemia
Repeir. Chimgiz (Bucharest) 2018 114:12-17

Chirurgia, 117 (1), 2022

www.revistachirungiaro 13

12



Original Article

cmrurma (2021) 116:
0.3 May-June
Conynohm Celsius

http://dx.doi.org/10.21614/chirurgla.116.3.284

Chronic Mesh Infection after Incisional Hernia Repair.
Factors Influencing Negative Outcomes of Complete

Mesh Removal

Valentin Oprea’, Florin Buia’, Dan Gheorghescu', Dan Leuca’, Mihai Toma', Ovidiu Grad'*

'Department of Surgery, “Constantin Papilian™ Emergency Clinical Military Hospital, Cluj-Napoca, Romania
"Department of Surgery, “luliu Hatieganu™ University of Medicine and Pharmacy, Cluj-Napoca, Romania

*Corzspanaing zuthor:

Valertin Opeea MD. PhD
Department of Surgery

“Constantin Papiian” Emergency
Chnical Mikzary Hospdat

22 Gral Tratan Mosoly Street
Cag-Napoca, Clu| County, Romena
E-mait: opreacv31&@gmail com

Received:

Rezumat

Intivdueere” tratamentul herniilor incizionale s-a schimbat radical
in ultimii 50 de ani odatd cu introducerea materialelor protetice
sintetice care au scizut incidenta ratei de recidiva. Reconstructiile
peretelui abdominal cu materiale protetice sunt insa grevate de o
incidentd mare de eomphca;u severe cum ar fi infectia bacteriana,
fistulele intestinale si sindroamele aderentiale. Acestea impun
sanctiuni terapeutice care reprezinti o mare provocare pentru
chirurg si pentru pacient.

Material s metode- din januarie 2009 pana in decembrie 2018 au
fost colectate si analizate retrospective datele pacientilor operati
pentru infectii cronice dupa protezarea peretelui abdominal pentru
herniile incizionale. Comorbiditatile, localizarea protezei, indicele
prognostic nutritional (IPN), datele demografice si rezultatele
exciziei complete a protezei au fost introduse intr-o baza de date
SPSS.

Hezaliate: au fostidentificati 89 de pacienti (29 de sex masculin)
care au indeplinit criteriile de includere. Timpul mediu de la inter-
ventie pana la debutul infectiei protezei a fost de 15.04 = 0.95 luni.
Factorul determinant pentru infectia protezei a fost infectia plagi
dupd interventia primard. Dupd excizie, in 43% din culturile
bacteriene, protezele extrase s-au pozitivat pentru Sf Jureus
MRSA si Enterolacter sppe Au fost utilizate mai multe tehnici de
excizie protetici i de reconstructie a peretelui abdominal. Dupa
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inchiderea reconstructiel peretelui abdominal, 54% din pacienti au desvoltat eomplicatii cu o
mortalitate de 12%.

Concfuzg riseul de infectie dupd reconstructia proteticd este mai ridicat decit pentru alte
interventii curate. Excizia protezei este oblipatorie cind evolutia infectiel este mai mare de 3 luni.
Procedura este asociati cu o ratd ridicatd de mortalitate, morbiditate si ealitate seizuti a vietii mai
ales cind abdomenul nu poate fi inchis. Preventia pare singura metodi valida de tratment.

Cuvinte cheie hernie incigionald, infectia protezed, fistula entercrcutanat, excizia protezed, evolutie
negativa

Abstract

Hackzround. The treatment of incigional hernias has radically changed over the last 50 vears due
to the introduction of mesh repair, which has been proven to be superior to tissue repairs in terms
of recurrence. Severe complications such as bacterial contamination, enteral fistulas and severe
visceral adhesions are the bane of mesh repair and lead to great challenges as far as treatment is
concerned.

Metfionf=” From January 2009 to December 2018, we retrospectively collected operative and
outcome data on reoperation following septic complications of incisional hernias (IH) mesh repair in
89 patients. For adjiustment, comorbidities, mesh location. prognostic nutritional index (PNI) and
operative time were included in a SPSS data analyzer.

Hosdis! in the referved interval 89 patients (29 males) met the inclusion criteria. The mean time
for the infections onset was 15.0420,95 months and the number of previous abdominal interventions
varied from 1 to 5. Wound infections were reported to be the primary factor for mesh infection.
Following removal only 43% of meshes were found to be positive for bacterial infections: the most
common species detected being 51 awrens MRSA and Ehfeecdactor spn Different technigques of
mesh removal and abdominal wall closure were used. After abdominal wall elosure, 54% of patients
developed post-operative complications with a mortality of 12%.

i ancfussu The risk of infection after abdominal wall reconstruetion (AWR) appears to be higher
than other clean abdominal procedures. Mesh removal is mandatory when the infection prolonged
over 3 months. The procedure is associated with a high rate of morbidity and mortality and with low
quality of life if the abdomen can’t be elosed. Prevention is the best treatment option.

Kew words! incisional hernia, chroniec mesh infection, entero-cutaneous fistula, mesh removal,
negative outoomes

Introduction

With the introduction of synthetie prosthetic
materials the treatment of incisional hernias
(TH} has been radically changed over the last
50 wears. Although controversy still exists
concerning mesh  tvpe, positioning and
approach {open or laparoscopic), mesh repair
was demonstrated to be superior in terms of
recurrence in randomized trials (1-3).

Far from being harmless, the burden of
these materials is given by bacterial contami-
nation and subsequent infections, intestinal
fistulas and severe visceral adhesions. These
unexpected surgical site occurrences (SS0),
although infrequent frequent, often require
arduous surgical interventions and re-inter-
ventions resulting in severe sequelae (loss of
domain, open abdomen, intestinal stomas)
and, sometimes, death.
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In this retrospective study our main goal
was to assess the outcomes and factors
that negatively influence these outcomes
following complete removal of chronically
infiected mesh and entero-cutaneous fistula
(ECF) in patients with previous mesh
incisional hernia repair.

Material and Methods

The study was conducted between January
2009 and December 2018 Following institu-
tional review board approval, all files of the
patients with mesh infection who underwent
mesh removal in the reforred interval were
retrogpectively reviewed. Only patients with
zigns of abdominal wall infections or intestin-
al fistulas lasting a minimum 3 months after
a prosthetic repair of a primary or recurrent
ingisional hernia have been included. Demo-
graphic variables including patient’s ape and
gender were collected. Medical co-morbidities
such as Body Mass Index (BMI), Chronic
Obstructive Pulmonary Disease (COPD),
diabetes, smoking and aleohol habits,
American Society of Anesthesia Score (ASA)
seore were also reported. The preoperative
Onodera’s Prognostic Nutritional Index (10 x
serum albumin (g/dl) + 0.005 x total lympho-
evte countmm® was caleulated to evaluate
the preoperative nutritional and immuno-
logical condition (4). Types and size of mesh
were identified using previous operative notes
whenever was possible. We further classified
mesh location into on-lay, inlay (bridging),
sub-lay (retrorectus) and underlay (intra-
peritoneal) (5 — 7). All admitted patients were
investipated with standard abdominal ultra-
sound and contrast enhanced CT scan, in
arder to establish: location and status (folded,
wrinkled) of the prosthetic material, the
presence of the peri-prosthetic fluid collec-
tions, fistula location and bowel involvement,
and to evaluate the abdominal wall muscula-
ture status and gquality. Microbiology data
were preoperatively collected on all patients
by swab technigque. For negative results the
test was repeated and combined with an ultra-
sound guided puncture. All positive samples

were tested with 15 antibiotics for sensitivity.
The Multiple Antibiotic RHesistance Index
(MAR Index) was caleulated using the ratio
between number of antibiotics to which an
isolate is resistant and the total number of
antibiotics to which it was tested (8).

Additional variables including previous
surgical site infeetions (SSI) or a history of
previous surgical debridement were also
included.

Surgical Technigue

Patients were admitted for the night before
surgery and received an osmotic bowel
preparation and the prophylaxis of deep vein
thrombosis with low weight heparins accord-
ing to the anesthesiologist preference. When a
skin orifice was present it was injected with 2
ml of methyvlene blue, in order to evaluate the
extent of mesh infection. Skin incision encom-
passed scar and open wounds, The abdominal
cavity was entered above or below the supposed
location of the mesh, along the medial border of
the rectus muscle. All the viscera were sharply
dissected from the abdominal wall inner
surface while the infocted mesh, sear and
inflamed tissues were removed in bloe. When
the mesh was extremely adherent to the bowel
this was also resected. In the same way it was
proceeded for intestinal fistulas which were “en
bloc” removed with the mesh and abdominal
wall. Any mesh remnants were removed. Mesh
samples were sent to the microbiologist in
order to identify the germs and when it was
positive MAR Index was also determined. Also
the whole mesh specimen was sent to the
pathologist for examination. The duration of
surgery and intraoperative complications
were recorded.

The resulting abdominal wall defect was
closed whenever was possible with the Ramirez
anterior component separation technigue. In
some instances, the defect was allowed to
remain, the skin was closed and a planned
ventral hernia was proposed. The Bopota bag
and Negative Wound Pressure Therapy
(NPWT), followed by zkin closure were the
next options for the abdominal wall closure.

WWWLIEVIEIachinurgia.na
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Outeome measures included: postoperative
wound morbidity (superficial and profound
851, hematoma, seroma, wound dehiseence),
general morbidity, peneral mortality and
hernia recurrence. Duration of hospital stay
and Intensive Care Unit (ICU) stay were also
noted.

Statistical Analysis

Data were tabulated as mean = standard
deviation (sd). Continuous variables were
analvzed by AMOVA variance test followed by
unpaired 2 tail Student's t test assuming
unequal variance and the binary outcomes
with the »* test. Pearson correlation (r) was
used with the regression equation. A Receiver
Operating Characteristics (ROC) curve was
designed to determine the specificity and
sensitivity of the PNI in relation with total
amount of complications, with specific compli-
cations and also with the mortality rate.
Youden index was determined to caleulate the
optimal cut-off value of PNI Multivariate
logistic regression models were built with all
the variables as the outcomes of interest of
severe postoperative complications, adjusting
for identified confounders. In addition to
the variables of interest the following were
included for adjustment: comorbidities, mesh
location, PNI, operative time. Multivariate
models were caleulated with the linear logistic
regression and the results were shown with
the Odd’s ratio (OR) and the 95% confidence
interval (CI). Probabilities smaller than 0.05
were considered as statistically significant.
SPS85 statistic version 22.0, 2018 (IBM
Chicagn, I, USA) was used to perform the
statistical analvsis.

Results

Over the study period, 89 patients (29 males)
with a mean age of 63.34£0.67 (37-77) years
were identified; & patients (T%) were initially
operated in our hospital by 3 different staff
surgeons, using a light weight maecro-porous
monofilament polypropylene mesh in sub-lay
position. The mean time from the hernia

repair to the onset of infection was 15.04 =0.95
(3 — 39) months. All patients had a mean num-
ber of previous abdominal operations of 1.6 =
0.1, varving from 1 to 5 . Presence of previous
wound infections was reported in 33 patients
(372%) and documented with isolated germs in
16, to which 5S¢ .'H_IU|'!,|_I-,|r|'.I["|'.I|'_.'r_'.!.|'.‘|' gerens and
MRESA were the main strains identified. In 63
patients the previously repaired incisional
hernia was a primary one. The main clinical
sign for admission was a chronic sinus in 55
patients, exposed mesh in 18 patients, and
wound cellulitis with exteriori-zation of
digestive liquids in 16 patients. Comorbidities
and the results of the preoperative bacterio-
logic samples are listed in Thabf 1.

Mesh was identified as an on-lay in 31
patients (35%), in-lay in 28 (31%), sub-lay in
13 (15%) and under-lay in 16 patients (18%).
The main polymeric compound has been
identified as polvpropylene in B0 patients,
polvester in 6 and a PTFE in 3 patients. The

Table 1.  Comorbidities ad hacterialogic rasuts of the preoparathe

samples

B fkg/mr) 31.9 =0.48 (25 - 51)

Under 30 — 31 patienss

{(wer 30 - 58 patients
COPD - 16 padems
Diabetes — 15 patients
Smoking — 15 palients
Alcohol - 13 patients
RS seore

1 - b palients

2 — T8 patienis

35 patients
Precperative albemin jgidl) - 321 = 004 @2.1-4)
Precgerative lymphocyles/mn? — 2866 +116.9 (748 - 6120)
Prognastic Mutribanal Index (PN - 4714 0083 (30.51 - T0.E)
Possitive samples belore surgery — 21 patients (24%)
|solaled bactenal sirains Before sungery
Saphylococous aurews — 16 patents

MRS - 5 patients
Enferococcas spp - 3
MAR index
Saphylococous auses — 0.6

[
Entarococeus spp - 0.28
B — Body Mass index; COPD - Chronkc Dbstnective Pulmorary Dissass;
ASA — Amerizan Socety of Anesthesiologlsts scone; MRSA - Methiclyna
- Fesistant Staphylococcus Awreus; MAR Index — Multiple Antibadc
Resistance Index Mormal range walues for albumin 3.2 - S9/dl Normal
range vaksza for lymghocytas e 21 8 — 53.1% trom the count of lesco-
cytes; Mormal range kucocytes values 4.200 — 9.000/mm
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cexnet type of mesh (roparding woight, filament
structure and porosity) could not be identified
because almost all previous operative notes
did not contain such details except for patients
dizcharged from our department. Mesh was
completelvfalmost completely removed in all
patients. Mesh removal, as a unique proce-
dure, was possible only in 20% of the patients.
In 30 patients, viseeral resections were
necessary. No stoma was performed at the
index (mesh removal) procedure. The abdomi-
nal wall was closed in 63 patients (71%), left
open with temporary abdominal closure (TAC)
in 10(11%) and, with a direct planned ventral
hernia by skin closure in the last 16 patients
(15%). For 3 patients, who survived with the
ahdomen left open, the defect was closed with
a =kin graft after secondary healing (2
patients) and with anterior component
separation (1 patient). The mean time from

temporary abdominal eclosure to definitive
closure was 7.8:0.73 dawys (6-17). Intra-
aperative details are listed in Vbl 2

After the explanted prosthesis were sent for
bacteriological examination, postoperative
positive samples and germ  identification
inereased to 43% of the patients, In 11 samples
only one germ was identified (S aorowsn 4,
MRSA in 4 and Forombgetorsppn 3 patients)
while in the final samples, 2 different strains
were isolated. The postoperative MAR Index
ranged between 0026 and 0.86.

Mean duration of surgery was 165352819
minutes with limits ranging from 45 minutes
to 382 minutes. Owverall, 48 patients (54%)
developed postoperative local and general
complications. Wound events were reported in
38 patients and ineluded: SSI in 18 (out of
which 12 were noted as superficial), seroma -
in 12 and hematoma - in 8 patients. Except

Table 2.  Datails of tha surgical procedures and oucormes ralatad to every type of mash location

Warishie Number (%) “ﬁg— Sub-lay Under-ay

fash removal only THED [20%) TH32 [56%) /28 [GE] W6

Abdominal wal resacion 24/ 12T%) 14732 [44%) 028 1013(77%) (i

Semall bowel ressction 19784 [21%) 03z W2h (37%) 1713 (6%) 916 [o5%)

Large bowel resction TED [B%) [ TR (715} [GE] 16 (19%)

Combired bowel resechions B8 (") 03z 228 FH 13 416 (25%)

Simple zschi chawe ﬁ [F] 20733 [Eo%) 1328 (6%} [GE] [E

Anzrior Component Separation (ACS) 2689 31%] 10732 [31%) 15720 {54%) 213 {15%) 116 %)

Bogota bag + ALY 1/ED [1%) [EH /28 1714 (8% 16 (19%)

NPWT + shin graft 280 [2%) [EH [ 113 (8% 516 (31%

Smple skin closure 1683 (15%) 03z /28 513 (0%} 116 (4%)

Duration of sergery (minutes) | mesn and sd) 16035 = B.19 T3.16=6.0 B2 14=0.7 1017 =12.4 [EEESEE]
{45 - 382) (45 — 80) (58 - 125) (75 - 1500 {125 - 382

Fosgétal stay (days) | mean and &4) [EFERE (RS T=a1 [EREFR [LFEET
|5 - &5} i5- 18] [B-21) {11-17) {17 -68)

A0 stay (days) | mean and 50) 36.53 = 4.38 13=0.1 11.7=28 412x08 305=83
{7 —&1) (-2 [E-15 (3-12) {22 - 65)

MNumber of procedures/patient 1.85 =014 1.3=01 1603 13=01 2E=0E
{1-8 -2 (-4 -2 {1 - 8

Suparficial 551 12 patknts gﬁ] 5 [ 1 2

Prolound 551 & patients (%) [i] H 1 3

Seroma 12 palenks [13%) i ] 1 1

Hermatoma B patients (%) 5 1 1 ]

Anastomotic leskage B patents [TE) [1] H [] [

Moraliy 11 patents {12%) 1 [ 1 5

Anasiomatic lskage 4 patieniz [1] 1 o k]
Sapats 3 patientz [1] 1 [i] 2
Palmonary emboksm 2 patienlz [1] 1 1 [1]
Myocerdial intarcion 1 patient 1] 1 [i] i
Aodomiral Compariment Syndrome 1 patient 1 [1] [1] [1]

NPWT — Megative Pracsure Wound Theragy, ICU - Intensive Care Linit; 551 - Sergical Site infection
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seroma, all wound events imposed re-
intervention for debridement or hemostasis.
Anastomotic leakape was noted in 6 patients
(20% of all patients with visceral resections),
all of them requiring surgical exploration for
signs of peritonitis. In all patients a stoma was
created and the abdomen was left open on a
Bogota bag (4 patients) or on NWPT. Hospital
stay ranged from 5 to 65 days with a mean of
15.21=1.5. For the severe complicated patients,
the mean stay in the Intensive Care Unit was
36.5324.38 (Tlafile 3.

The mean number of surgical procedures!

patient for the whole cohort was 1.8520.14 but
when we analvezed only patients with loeal
complications the number increased, becoming
almost doubled, with a mean of 3.3 =024 (2 -B).

Maortality was recorded in 12% of the
patients. 4 patients died after complicated
anastomotic leakages with multiple organ
failure, 3 - from wound sepsiz and open
abdomen, and 1, with multiple organ failure
due to an abdominal compartment syndrome
after an anterior component separation. The
rest of the causes of mortality are detailed in
Tl i

Tahle 3. Factors that indepandantly influenca the pestaperative aulcomas in both uni- and multivariate analysis
Wariablez Complicaliong h!tuhﬂl Martality _ _
whfwariale mitillivariale univarsle miiltreariate whivarabe miiltivarista
g r=-158 p =05 r=-027 p=05 r = -032 p=05
p=.138 p= a0 p=JE3
(Gender r= 019 p=s = -100M; p =05 r=_114 p=05
P = .B63 p= 968 p =282
Cirezat r= 013 p =05 r=034; po=05 r= .80 p=05
p= 91 p=7T5 p=AM
Abdoming r=-139 p=05 r= 005 p =08 r=.144 p =05
operaions p=194 p= & p =163
Fecurences r=-122 p =05 r=.10% p=05 r= 137 p=05
p= 253 p= 3% p=2m
1] r=-.163 p =05 r=.130 p =05 r=_130 p=05
p=.126 p= 25 o= 23
CoPD r=-.108 p =05 r=.341 0R = 00380 r =289 = (48
p=412 p=10M 85%C1 0.0039 -0.328 p =01 85% (1 = 0096 - 247
p =034 p = 0003
Diabeses T= D&% p=05 r= 118 p=a T= 1013 p=0a
p=.TiT p= %8 p=4m
Smaking r= 157 p =05 r=m p=05 r=_105 p =05
p =140 p=1H p=330
AEA r=-_102 p=05 r=00F p =05 r=_112 p=05
p=.33 p= 813 p=214
Mezh localon r=-7%3m [f = 336 r= 20 OR = d.88 r=_33 o/ = 21;
p= 02 B5%C11.87 -6.02, p= 1006 B5%0 54 - 4354, p = .002 B5%0 = 044 - 1.06;
p=.015 p=.05
Upsarative Bme T=- .02 i = 235, =332 R = 0ar. r= 304 p =05
p=_.T69 95%C1 297 - 1866, p= 0N B5%0 = 001 - 67, p =00
p =008 p= 102
Abumin r=.182 p =05 r=-33 p =05 =33 p=05
B = 048 p= 002 p = 000
Leucocytes r = .08 p =05 r= 47 p=05 r=4ar p =05
p= 5% p= 0776 p = 0885
Lymphoc yles r=-158 p =05 r=-3Is p=05 r=-29 p =05
p= 1000 p = 100G
2] r=.3N1 0f = 0.336; r=-.3%4 OR = .0f3; r=-d27 O/ = 0821,
p=.004 B5%01015-0.71;, p= 1000 85% Cl = .D0S - J66; p =000 B5% C1 016 - 407,
p = 0047 p =02 p = 0022
Arazomotic lag p =05 T =307 p =05
p=.03
TCU stay p =05 T = B2 p =05
p=.001

M - Body Mass index (ky'm2); COFD - Chronic Obstructve Pulmonany isease; PN - Prognosc Nufritional Index; ICU - intensive Care Unit
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The mean time of follow-up was 41.5 = 9.4
maonths (11 = 71 months). At 1 vear 63 patients
from the survival group were clinieally
examined (48 of them with abdomen closed
after mesh excision). In the group of patients
with closed abdomen, more than half (26
patients) developed incisional hernias. From
the rest of the patients, 18 were with stable
abdomen and 19 with the planned ventral
enlarging. All of the patients with IH declined
surgical repair.

Complications rate was highly correlated
with mesh location, and preoperative PN in a
univariate analvsis. Logistic regression with
adjustment for positive variable showed that
mesh location (for inlay and underlay) and
PNI are the only independent rizk factors for
development of postoperative complications
(OR 3.36: 95%C1 1.87 — 6.02, p <0001 respec-
tive OR 0.337, 95% CI 0.15 -0.71, p = .0047).
The inereased incidence of anastomotic leaks
was correlated with: the presence of COPD,
mesh location, duration of surgery, PNI,
Iymphoeytes count and albumin. In logistic
regression the only independent factors for
fistula were: COPD, duration of surgery, mesh
location for inlay and underlay position and
PNI. The same factors were directly involved
in the incidence of postoperative deaths
[T

To determine the sensitivity and specificity
of the factors involved in postoperative
morbidity and mortality, individual and multi-

ple ROC curves were created for: PNIL
duration of surgery, mesh location and
presence of comorbidities. Duration of surgery
was highly specific for predicting mortality
and anastomotic leakage (98% specificity), but
not a valid model for the overall rate of
complications. The cutoff time for duration of
surgery, which predicted unfavorable outeomes
and deaths was 125 minutes (] max = 0.81)

PNI was highly specific for overall rate of
complications (area under curve 0.887; 98%
specificity for a cutoff of 37; J max = 0.76), but
not a valid predictor for fistula formation and
postoperative mortality (Mg 0.

Mesh location for inlay and under — lay
position demonstrated a high speecificity in
relation with fistula formation (area under
curve 0.799, 88%) along with postoperative
death (area under curve 0,753 88%) (Fiz 2.

Regarding co-morbidities, COPD and obesity
were the only specific factors predicting compli-
cations, anastomotic leakage and mortality
{data not shown).

Natural history of [H is prone to complica-
tions: pain, INCreasing sige, poor cosmetics |
poor abdominal wa 1l function, low gquality of
life and increasing risk of stranpulation and
incarceration (3). An optimal approach has to
be identified, but there is one consensus: mesh
repair is mandatory (1-3). Mezh repair refined
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Figure 1.  Individual Receiver Operating Gurve (ROC) curve for “Prognastic Nutritional Index™ in relation with ovarall complications rate
(). fistula presancs (B, and pastoparative martality (C). Miadsl i valid only for the complications rate (area under curve [LB3T)
b highly nenspacific far the presence of ansstametic fistula (B) and far markality (C)
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the existent surgical technigques allowing
complex cazes to be solved and offering a
real chance of social reinsertion with better
healtheare outeomes for patients.

Even though the quality of the prosthetic
materials has underpone suecessive improve-
ments over time, their use is still associated
with severe complications® intestinal obstruc-
tion, mesh infection, entero-cutanceous fistula
(ECF). Infeetion plays the number one role in
major deviee - related complications. It can
lead to severe and costly consequences, severs
impact on patients life (disability, suffering,
economic loss), prolonged hospitalization and
multiple re-interventions (10 -12).

The risk of infection after abdominal wall
mesh reconstruction appears to be higher than
ather clean cases. A study from Schumpelink
et al, emphaszizes that patients with mesh
repair have a 3 times higher risk ratio for
infection than non-mesh repairs (13).

Some would advocate that mesh infection is
a complication frequently oheerved only in the
early postoperative periods although the first
year may be important for the majority of mesh
infections, in some studies, there is a large body
of evidence showing that the complication
occurs later (10). In our study, 44% of the
patients reported the infection onset after more
than 12 months from the last mesh repair.
Infeetion oceurred without a history of outhreak
af infections or unknown sepsis  outstanding
from previous intervention in 53 patients.

Chronic mesh infection is unique because
bacterin adhere to the mesh surface and
create a microenvironment called “biofilm”
(Bi) (12-16). By its tridimensional structure,
Bi provides mechanical stability to the bacteria
and physical protection from outside stressors
(immune cells and therapeutic compounds
including antibiotics), making ineffective any
measure of conservative treatment (12).

If there is an agreement that infected mesh
must be removed, controversy remains
regarding complete or partial mesh removal.
Complete mesh removal is usually associated
with increased complication rates, hernia
recurrence and increased associated morbidity
and even mortality. Intestinal resection was
needed in 30 patients (34%) due to dense
adhesions between prosthetic surface and
bowel or migration of the mesh into the small
or large bowel. As a consequence, anastomotic
leakape was the most serious complication
and reason for re-intervention. Same results
were obtained by Bueno-Lledd et al, who
reported 13.1% intestinal resections after
complete mesh removal with 7.8% intestinal
fistula and 10.5% re-intervention (10).

An alternative to total removal of the mesh
is the partial removal of the prosthesis. In
Sabbhagh series partial removal of the mesh
was associated with healing in every case and
the postoperative morbidity was nil but the
patients still required up to five operations for
healing to take place (17). In another study,
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Bueno-Lledo found that 50% of the patients
with partial mesh removal continue with a
discharging sinus needing complete mesh
removal for healing (18),

The goals of surgery are not only to remove
the infected mesh, or control the infection, and
achieve wound healing. but also to address the
abdominal wall defect and to prevent hernia
recurrence. This is a thorny issue and until
now, no satisfactory standard treatment has
been developed. The recommended treatments
include primary closure with suture or mesh
repair or staged operations with a 6 months
minimum gap between procedures (19).

We don't use any mesh for the abdominal
wall repair after mesh explantation. Closure
of the abdomen with simple suture or anterior
component separation was associated.in our
series, with high rates of 550, 851 and
increased rates of recurrences. Multi-staged
approach was tailored in our study for
the patients with prolonged operative time,
associated comorbidities, large intestinal
resections and more than one anastomosis,
and for the patients with a compromised
immune and nutritional status. When PNI
was under the cut-off value of 37 the abdomen
was closed by skin suture or was left open with
varions TAC methods and a planned ventral
hernia was preferred.

Several factors have been identified to be
associated with poor outcomes after mesh
removal. Mesh location for inlay and under
lay and PNI are the only independent risk
factors for development of postoperative
complications. The incidence of fistula was
independently related to the presence of
COPD, duration of surgery, mesh location for
inlay and underlay position and PNIL The
same factors were directly involved in
the incidence of postoperative deaths. An
operative time longer than 125 minutes was
found highly specific in predieting mortality
and anastomotic leakage. PNI was highly
specific for overall rate of complications. A
high specificity demonstrated mesh location
for inlay and under-lay position in relation
with fistula formation (area under eurve
0.799, B8%) and for postoperative deaths

(area under curve 0,753 B88%). Regarding
maorbidities, COPD and obesity were the only
specific factors predicting complications,
anastomotic leakage and mortality. All of them
are correctable factors before surgery in the
patient’s optimization process.

To our knowledge this study seems to be the
firat large series of mesh infections reported in
our surgical literature. Though not new, the
results of our research are in accordance with
previously published western literature and
confirm once again the difficulties induced by
the presence of the mesh in contact with the
bowels, Our contribution eould be important
due to the larpe number of operated cases
with unexpected, challenging intra-operative
situations in a series of complex patients.

Our study is not without limitations.
Retrospective chart review was limited by the
incomplete medieal information eollected from
the patients files as well as the bias of the
reviewers. Our patient population was almost
exclusively referred to resolve a severe compli-
cation. Also it spans a long period of time, but
given the relatively low incidence of the cases
and long-time lapse manifestation, it is not
possible to construet a randomized trial in
a reasonable time frame. The degree of conta-
mination cannot be predicted or anticipated
preoperatively so, intraoperative fndings
can alter the risk of mesh explantation.
Finally, the entire cohort was heterogeneous
and also surgical therapy included wvarious
procedures both involving a serious bias. The
applicability of this data to other patient
population should be approached cautiously.

Conclusions

Mesh infection after IH repair is a severe and
debilitating condition. Complete mesh removal
soems to be the only valid therapeutic option
but generates a high early and late severe
complication rates with increased morbidity (in
terms of 330 and SSI) and mortality, Factors
that negatively influenced the outcomes of
complete mesh removal are’ mesh location as
in-lay and underlay, decreased PNI (under 37,
prolonged operative time (over 120 minutes)
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and co-morbidities especially COPD. Abdominal
wall closure after mesh removal is challenging
and no satisfactory standard treatment till now
has been developed. The rate of incisional
hernia after closure of the abhdominal wall
remaing high. Multi — staged approach for
abdominal wall closure is an inconvenient long
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Abstract Incisional hernia is the most common late complication of laparotomy. Prosthetic reatment resubted in a
remarkable improvement in surgical outcomes by reducing drastically the rate of reccurence and increasing quality
of life. Insertion of synthetic prostheses is encumbered by a relatively high rate of complications of which the most
common is infection. Chronic infection requires removal of mesh as radical therapeutic measure. Based on the
literature review, the article presents, the main mechansms of chronic infection and the main reasons for removal of
prosthesis. Specially are analyzed mechanisms in gaining the antibiotic resistance of bacteria in biofilm. Following
the analysis it can be concluded that once infected prosthesis can not be saved by conservative means.
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1. Introduction

Despite the development of minimally imvasive surgery
& large number of diseases (especially traumatic and
visceral neoplasia) can be solved only by large incisions.
The most common complication with an incidence
ranging between 11 and 20%% is incisional hernia (IH) and
also 1t 15 the most common cause of reoperabion due to
direct complications, discomfiort or low guality of life [1-6].

Incisional herma treatment changed radically with the
introduction of prosthetic materials. Although there is still
controversy shout the type of prosthesis, its positioning
and methods of implantation (open or laparoscopic)
prosthetic reconstruction of the abdominal wall proved to
be superior in randomized trials compared with other
repairs [7.8,9,10].

Far from being harmless, the burden of such materials
15 bactenial contamination and consecutive infection,
visceral adbesions and intestinal fistulas. The most
common complication and the most feared at the same
time by the devastating consequences it produces
(increasing the number of hospitalization days, mereased
direct and indirect costs for diagnosis and treatment,
multiplying physical and mental suffering of the patient,
recurrence or even death) s infection [11,12,13].

2. Incidence

If postinguinal hemiorrhaphy infections are usually
circumsenbed to the grom, IH infections constitute a
major surgical complication that poses a serious challenge

to both the surgeon and the patient and may end in the
patient’s death but the real incidence of infection
including the mesh is quite rare and difficult to establish
in clinical series.

Dates are sparing and inaccurate because the incidence
is changing depending on the personal mterpretation of the
surgeon, by hospital and even with the patient population.
For the moment there s no valid and accepted
classification  of mesh infection, clinical facts are
subjectively interpreted and  the surgeons tend o
underestimate infections rates. In a 36 years literature
siudy (1966-2002), Sanchez-Montes et al, found 386
studies reporting incisional hemias series [14]. Of these
studics, 43.8% were prospective and 34.4% retrospective.
However, in 22% of these publications, those variables
were not specified. 1f it was to talk about mesh infection
only 32 articles (8.29%) report this. The authors of articles
on ventral hemiorrhaphy did not define or classify the
infections encountered. Most of the studies (81%) were
reported between 19940 and 2000,

In another review of the literature from 2003 to 2008,
on series larger than 100 cases, Lammers ot al found a
wound nfection rate ranging from 0,3% to 21,5% [13].
This large vanation make data impossible to adjust to a
clinical conclusion. In the same study the rate of mesh
infection 1s mentioned only in 4 of the & studies with a
rate of 0.3 to 2%; mesh removal is noted in only | study.

Mesh infection can follow either open or laparoscopic
IH repair. The reported incidence after open repair ranges
from 6%—10%% [15.16.17], whereas that after laparoscopic
repairs is lower, from (-3.6% (18). A mesh infection rate
as low as (LTE% (45/6,266) after laparoscopic IH repair
was published in a systematic review by Carlson et al.
Twenty-cight of the 45 patients (56%) with mesh infection
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required re-operation, and such infections were the third
leading cause of re-operation [20].

Initial evolution of the prostheiic infections 15 acoie
onsct being 9-12 days after surgery and apparently is the
most well known and studied. It is caused by free floating
bacteria (planktonic form) that growth like individual
organism that can be casily isolated and sdennfied in
culture. The answer to the antibiotic and hest defense
mechanisms is extremely favorable [14).

Untreated acute infections and [ or incomplete /
incorrect treated with antibiotics, percutancous drainage or
dressing become chronic infection with a specific pattern
generated by phenotypic change of bacteria lifestyle to
sessile growth which is the predominant form of life on
surfaces [22]. Somectimes chronke infoction reactivation
occurs without a history of ocutbreaks of infections or
unknown septic outstanding from previous interventions.
Clinically, chronic infection occurs late after discharge
(months even years) and is slowly commugated evolving, In
variable proportions wound dehiscence i1s present  but
there 15 no tssue necrosis becanse sessile  bacterial
phenotype do not secrete mereased amounts of proteases
and lysine. Antibiotic therapy is ineffective due to the
presence of biofilm on the surface of the wound [23].
Jemupovs and Cobb, on open IH repairs  with
palypropylens mesh, reported presentations of infection at
an average of 11.3 months (range 2.5-1% months) and
10.% months, respectively (15.24). This has been
substantiated by a recent VA study of 55 mesh removals,

revealing a median fime to explantation of 224 days.
Klosterhalfen and Klinge, on a large series of 623
explanted meshes reported that in case of infection, the
meshes have been explanted after 241/214 month (class 1)
or 211/219 month {class 2) [25].

3. Risk Factors for Mesh Infection

Despite major advances in the management of patients
undergoing  surgery—including  aseptic  technigue,
prophylactic  antibiotics, and advances in surgical
approaches such as laparoscopic surgery—surgical wound
infection remains among the most common complications
of surgery. A growmg body of litcrature supports the
concept that patient factors are a major determinant of
wound outcome following surgery. Comorbidities such as
digbetes and cardiac disease clearly contnibute, but
environmental stressors as well as the individual’s
response to stress are equally important. Recently, Fischer
ct al, report & validated risk model of surgical site
occurrence (S50) in open repair of 1H [26]. Breakdown of
risk factors for wound complications is represented in
Tahle 1. Applying the S50 score the total nsk ranges from
0 to 28 and the associated rate of wound morbidity varied
from < 1 to 44.4%. From the study, patient related factors,
aside from morbid obesity were uniformly low or
intermediate  predictors  while  operative  factors
predominated as moderate and severe.

Tahle |

Risk grouping

Rk factor Rk scare

Mld {41y

Chass | abesity

Intraabdominal procedure

diabetes
COPD

Age 4564

Intermedaie {+2)

Panmiculectomy
Clean=contaminated wound

Partially dependent fimctional status
Operative time 4371 min

Smoking
ASA=2

Low albumin
Agecds

Muoderate (+3)

Totally dependent functional status
Inpatient operation
Chass 3 obesity
Component separation

Severe (44 or more)

‘Contaminated wound
Opemative time (71=11Tminy
Diirty/infected wound
Operative timee > I 18 min ]

L L L R R

Using new techniques and new materials it is quite
impossible to define detailed risk factors for wound and
mesh infection that are related to each procedure and cach
material. In an analysis of mesh infection lighter meshes
carry a lower nsk of infection than heavier meshes (from
119 extruded meshes for infection only 21 were light
meshes) [25]. Meshes overall surface is a nsk factor for
infection, meshes larger than 200cm’ are 3 times more
exposed to infection than smaller ones [27]. A greater total
surface area of mesh, such as in mult-filament-based

products, carries a theoretically higher nsk of bacterial
adherence  than does monofilament-based mesh, as
suggested by studies comparing  muli-filament  with
monofilament sutures [27].

Meed for removal of PP mesh is infrequent afier
infection. This could be attnibuted to the fact that a PP
mesh becomes incorporated into the anterior abdominal
wall with neovascularzzation within two  weeks of
implantation, allowing leukocytes and macrophages to
gain access to the local microenvironment [28].
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4. Bacterial biofilm

The pathogenesis of biomatenal-associated infections is
a complex process mvolving interactions between vaniable
factors: bacterial virulence, surface physicochemical
properties of prosthetic and alterations in host defense
mechanisms. The nesult of this interaction is the formation
of bacterial biofilm, a developmental switching on abiotic
surface genctically conditioned as close to the surface
bacteria meets environmental conditions different from
those mn the ligud phase leading to altered gene
expression [29,30,31]. Structurally 15% of the biofilm is
cells and 85% the matrix [32,33,34.35 36). The cells form
microcobonies which is the structural unit of the biofilm
that develops within  physiological interactions. From the
climical pomt of view this structural feature has great
impact on the evolution of chronic infection as individual
microcolonies tend to break and / or detach presenting a
serious nsk of remote embolization or colonzation with
mcreased resistance sessile cells [34].

Mucopolysaccharides marrix (gel. slime) is secreted by
micreorganisms after attaching the substrate. Glicocalix is
made up of water and a compound consisting
predominantly of amonic polysacchandes, nucleic acids,
proteins and lipids [37]. Each constituent has specific
functions I maintaining  the integnty of bacterial
physiology and anatomy. lts structure depends on the
location, nature of constitient organisms, nutrient
concentration and physico-chemical factors. The structure
formed by a bacterial species can have various shapes and
sizes depending on the processes regulated by bacteria and
processes regulated by natural forces [38]. Onee formed,
the structure of the biofilm is highly visco-elastic allowing
bacteria to survive mechanical stress. The biofilm is a
special ecological structure i which there is a high
biological and chemical heterogencity. This 1s related to
the nutrients, oxygen and metabolic  products
concentration gradients as well as microorganisms with
different rates of metabolic activity and growth. Cells
localized in the surface lavers have access to nutrients and
oxygen while bacteria in depth face a hostile environment
in which the concentration of metabolites is higher than
that of nutrients [39]. In the desper lavers bacterias are in
& dormant state with an extremely low growth rate and
metabolism [40].

Protem synthesis occurs in the corresponding layer of
gerobic  biofilm a relatively namow  arca  measuring
approximately 30-60 p Heterogencous protein synthesis
gctivity is the result of oxygen limitation in the biofilm,
the penetration of which is similar to the activity of the
protein as demonstrated by staning with  fluorescein
green [39].

At this moment there are no clinical and biological data
to wdentify the relative nsk of biofilm formation on the
mesh surface. It is to believe that biofilm is a consequence
of a long comtact of meshes with low infected bactenas in
the presence of some patient risk factors.

5. Pathogens

Generally, in the biofilm bacterial population is single
species. Recent studies have shown, however, both in vive
and in vitro that there 1s a mixture of bacteria and / or

fungi [32.41). Bacteria that shows biofilm growth strategy
present molecular mechanisms for the recruitment of other
bacteria of the same species or other species probably in
order to increase their survival [41]. Moreover in
Prendomonas  geruginosa and  Staphylococcus  aureus
monespecies biofilms selection of sub-population variants
with increased virulence and resistance is promoted by
genctic  plasticity  mechanisms  (mutability  and
recombination). Sometimes, microorganisms do not have
all the genes necessary so that the effect of recombination
occurs with the formation of groups of pathogenic
functional gene equivalent

The most common bacterial strains are the Staphviococcus
awrens and epidermidis, group B Streptococcus and
Gram-negative  bacteria  (Enterobacteriacee)  [42.44).
Rarely fungi (Candida spp) or mycobacteria can colonize
prosthetic wound. A particular form that rases special
problems of treatment is meticilinoresistent staph infection
(MRSA). Generally they are low wvirulence germs but
rapidly adhere to prosthetic surface, producing colonies
and biofilms difficult to eradicate without removing the
prosthesis. Both 51 gureus and epidermidis are cutancous
commensals having a large and fast gateway for prosthetic
contamination. 5t awrens produce adhesive components
{Polysaccharide Intercellular Adhesin - PLA; Biofilm
Assoriated Protein - BAP and others) that allow bacteria
to rapidly bind prosthetic condiboned surface [44].
Undisputed leader i the production of prosthetic
infections is Sr. epidermidis. Due to the ability to form
stable biofilms its eradication is difficult. It has high
adhesion because of the synthesis of Associated
Accumulation Protems (AAP) localized on the bacterial
wall and of a giant Extracellular Matrix Binding- Frotein
(EMBP) [45].

Pseudomonas aeruginosa  preferentially increase as
biofilm. Manifests high gene expression characterized by
increasing gene activity up to 300 times [29]. Biofilm
contains alginates whose production is controlled by gene
algi” but also by environmental factors {limiting mifrogen
intake, increased osmolarity, high blood pressure oxygen).

An important role in E. cofi biofilm formation it is the
developing of cell surface appendages: flagella, pili and
other adherent outer membrane [35). One third of the
bacterial genome is involved in biofilm maturation and
more than half of these genes are specific. 15% of the
genes identified as overexpressed or repressed in biofilms
cxponential growth phase are involved in carbohydrate
metabolism and energy processes. There are genes
expressed by 2 to 8 times compared with plankiome forms
[35].

6. Substrate

The concept of using synthetic meshes began with the
introduction mto clinical practice of polypropylenc in
1958 [45]. Smee then reconstruction of abdominal wall
defects using synthetic mesh became standard especially
for mcisional hemia and was imposed due to the drastic
reduction in the recurrence rate. The number of synthetic
meshes has grown exponentially by time and includes a
vanety of shapes, sizes and structural types. From the
multitude of materials used the concept of ideal mesh has
not found yet because each has advantages and
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disadvantages. All these vaneties continue to use one of
three basic materials, alone or in  combination:
polypropylene (FP), polyester (PE) or poly-tetrafluono-
ethylene (PTFE).

The most commonly used prostheses are those of PP
with significant changes in recent years, most with small
pores. PP is a stable, non-degradsble with acceptable
bocompatibility  polymer.  PE  shows  excellent
biccompatibility but  histologically marked physical
instability, resulting in degradation and fracture years after
implantation. FTFE shows a good biocompatibility but
tissue integration 15 difficult because ultramicroporous
structure [47].

‘Whatever the nature of the polymer, the method of
manufacturing (braided or woven). or surface porosity
prosthetic meshes are inevitably subjected to the nsk of
infection. But everything according to these parameters,
the behavior before the infection is different and this has
practical importance in  the management of this
complication. Bacterial adhesion is directly proportional
to the surface of the prosthesis, hydrophobicity, pores size.
Add to address those physical configuration (flat or rough)
and clectric charge [12.4849]). Adherence 15 low on
surfaces with negative electric charge (poly-tetrafluono-
ethylene) and those with high positive charge. Porous
materials have a high affinity for bacteria as opposed to
dense plagues of poly-tetrafluoro-cthylene.  Adhesion
increases to woven materials, (polypropylene. polvester)
due to increased contact surface. Despite flat PTFE plates
it can be colonmized if the surface presents grooves or
striations with similar size with bacteria. These conditions
increase the contact arca and exploiting the full binding
potential [50]. This mechanism of infection is more
common in composite meshes (PTFE + PP} where due to
contraction of the two different lavers thev tend to be
susceptible to misalignment forming a dead space
susceptible to infection [12].

Prosthesic pore size is an objective factor for protection
against infection. When the pores or interstices between
the filamenis are bess than 10 p mn each of the three
dimensions, bacternia with a diameter of 1p are easily
enclosed at this level. Neotrophils and macrophages that
have 10-15 p in size can not penetrate the mesh network
and therefore bacterial growth is  favored [51).
Hydrophobic  surfaces (PP, PE) prevent colonization
because germs, mosttly hydrophobic tend to have poor
adherence  in  these circumstances  [52).  Prolonged
exposure to bacteria increases adherence. Stranded meshes
(PP, PE) are more frequently exposed to biofilm formation
due to larger surface compared to monofilament ones
because of the interfibnilar miches that can be adaptive
zone of bacterial dismeter and increase the degree of
germs adhesion.

7. Body Reaction to Prosthetic Infection

Pathogenesis of biomaterial-associated infections is a
complex process mvolving vanable factors: bactenal
virulence, physico-chemical properties of the material and
alterations in host defense mechanisms [53]. Although
bacterial inoculum is reduced these infections have high
infective power, have long evolution and persist until the
removal of the prosthesis. When do not distal

embolization, they are limited to tssucs immediately in
comtact with prosthesis [54]. The implant itself induces a
decrease in the reactivity of the organism evidenced by the
lack of local and systemic response. Ome of the factors
that lead to mesh infection is an acquired poly-
morphonuclear phagocyiic defect. It mvolves decreased
phagocytosis by cell wall modifications to withstand low
endosomal pH and enzymatic degradation of endosomes.
Polymorphonuclear {PMN) in this case have low granules
content, low duration of life and coddative metabolism is
deficient, as suggested by its intracellular persistence of
bacteria in macrophages [42]. Due to persistent intra-
cellular germs, tissue macrophages can be survival niches
for germs (especially for St epidermidiz) around the
implant which probably explain the late clinic onset of
chronic infection.

8. Antibiotic Resistance

The mechanisms by which this resistance of 100 w0
1000 times greater is installed in sessile forms are
incompletely known [55]. Theoretically, gaining antibiotics
and disinfectant resistance 15 controlled by two main
mechanisms:. biofilm structure and genetic and metabolic
status of biofilm associated bacteria. These mechanisms
work synergistically and with maximum probability are
mediated by the quorum sensing path which may represent
the third mechanism of action. Type of antibiotic used
may itself be a mechanism of installing resistance.

I. Biofilm structwre: the polysaccharidic  extracellular
matrix by its multilayered structure, is a molecular filter
and a barrier that prevents and delay infusion of biocides
tv target cells. Ito et al have shown that Ampicillin do not
inhibit bacterial growth i E coli biofilm when the
thickness is approximately 42.59 + 1048p so that it
recovers after 72 hours of incubation [55]. Reducing the
thickness and the biofilm bio-volume to 1.48 + 108 p by
blowing air cause complete inhibition of its formation by
Kanamycin and Cloxacin which proves that a biofilm can
bee easily penetrated when is thinner [$5).

Limitation of penctration can be achieved by possible
interactions  between  biocides and  matrix  organic
components (proteins, nucleic acids, carbohydrates) so at
their structural level occur changes that make impossible
their mechanism of antibactertal action. Polysaccharides
of Stapfviococcus epidermidis mature glicocalix interfere
with the action of glycopeptide mecreasing 5 times the
minimum inhibitory concentration (MIC) of Vancomycin
and Teicoplanin [32]. The gel is physically coupled with
glicopepetides and inactivate them. In mature biofilm of
Psendomonas aeruginosa, Coquet ot al showed 15 times
increases the MIC of Tobramyecin and 20 tmes for
Imipemen compared with planktonic strains [56].

Resistance to biocides s different and depending on the
different stages of evolution and biofilm formation [55].
Bacteria in the state of attachment (at 2 hours) and the
colony-forming stage (24 hours after exposure) do not
form mature biofilms after 24 howrs of treatment with
Ampicillin Maturation phase cells formed biofilm in the
first 72 hours of discontinuing antibiotic. The finding has
double meaning: clinical and therapeatic. Early antibiotic
administration during surgery can prevent contamination
and biofilm formation on prosthetic material if it acts o
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suppress bacteria in optimal range of 2-24 hours. Once
formed and matured biofilm antibiotic treatment becomes
inefficient due to selection of resistant strains, even in a
favorable inital response.

Other mechanisms in which biofilm structure acts as a
mechanical barmer refers to inadequate  exposure o
antimicrobial agents at all loci relevant to infection [57] or
matrix sequestration of bacteriostatics that acts in synergy
with profoundly altered host defense mechanisms in the
presence of prosthetic material . Alkaline substances
penetrate biofilm weaker due to their ability to react with
matrix constituents. Biofilms nch i glucose lead to
ncreased antiblotic sensitivity [35).

Glicocalix extracellular enzymes are able to alter a
structurally similar antibiotic metabolite and so on they
can mtervens on biocides with known structures. 2N
acetyltransferase,  which may inactivate  bacterial
peptidoglycans is able to inactivate Gentamicin it has a
structure similar to the original action of the enzyme
substrate. Penicillins and B-lactams derivatives covalently
binds a specific set of bacterial protems - Penicillin-
Binding-Proteins (PBP) that are imvolved in cell wall
synthesis and formation. B-lactamases which have the
structure similar to the PBP, specifically binds the
antibiotic preventing the destruction of the cell wall
Hydrogen peroxide is ingctivated by mature Preudomongs
aeruginosa iofilm catalase.

2 Metabolic and gemetic ceflular status: genomic
changes are the basis of any evolutionary process;
likelihood of these events represent the first step in the
development of resistance control. Due to the preservation
of genome and avording lethal gene mutations bacteria
tend to have low mutational rates. Modulation frequency
of mutations is done by gene amplification or by regulated
increasing of mutational rates [58]. In stress conditions
imposed by the biofilm lifestyle (basic morphological
condition of chronic infection) or repeated exposure to
sublethal doses of antibiotic, bacteria occur frequently
hypermutation. . The phenomenon begins immediately
when the cell reaches the surface: genes that encode
flagelar proteins are repressed and are activated the genes
encoding the synthesis of matrix structures and adhesive
proteins. Overall the cells oceurs repression of genes that
contro] the biosynthesis of cofactors, central imermediary
metabolism, energy metabolism and that of nucleotids.
This way explains the decrease in metabolic activity and
growth during biofilm formation [55]. The response to
decreasing nutrients and growing stress factors of the
Gram-negative bacteria is characterized by the synthesis
of sigma factors. Sigma factors are controled by rpa¥ gene
that regulates the transcription of genes whose byproducts
diminishes the effects of stress [59). £ cali biofilms
positive for ppod have an increased number of germs and
in particular an increased number of viable germs. rpod
system represses 33 genes that control energy metabolism
and flagella system. The level of expression of these genes
decreases with increasing rpo¥ level expression [60].

In parallel with genetic suppression of metabalic
pathways are selectively overexpressed others, contrelling
carbon compounds catabolism, regulation of protective
protein or transport proteins, the synthesis of heat shock
protems  (HSP), energy metabolism  with anaerobic
respiration and multidrug resistance [35].

There are also upregulated genes involved in oxidative
stress response (catalase and superoxidedismuiase) thus
providing protection against intemal and  external
oxidizing agems [61]. This explains its high resistance w
hydrogen peroxide.

Another genetically controlled resistance mechanism 1s
the multidrug resistance efflux pumps. The pump has a
tripartite composition: a membrane protein whose activity
is linked to the membrane proton motive force, an external
membrane protein and a penplasmatic protein [ 58], Efftux
pump main finction s to allow the bacteria to release
toxic molecules and survive in their presence. In addition
controls  virulence and maintain cell homeostasis.
Resistance is obtained by mutations leading to constitutive
expression of these transporters change.

In multispecies biofilms interactions between species
can lead to the appearance of specific phenotypes. The
combination leads o @ more viscous secreted matrix that
is associated with synergistic enzymabic mechamsms
acting against biological agents (a phenomenon described
as a complementary enzyme)

3. (Quorum sensing system: it s a form of
communication by which bacteria monior  their
population density cell (62). This is achieved by
producing, releasing, detection and response to low
concentrations of autosecreting signal molecules that are
called autoinducers. Controlled quorum sensing behaviors
only ocecur when there is a critical mass of bactena and
extracellular concentration of autoinducers is correlated
with population density cell [62]. Quorum sensing system
allows filling substrate niches. mtercellular communication
and regulation of virulence and colonization factors [63].
It also coordinates the entire activity of biofilm resistance
and what s imporiant to synchronize the alteration of gene
expression for the entire population cell [36].

Quorum  sensing  systems are  different for  Gram
positive in comparison with the Gram negative germs.

For Gram negative anto-induction signal molecales are
lactones more precisely acetilhomoserinlactone (AHL)
[36]. It consists of a homosennlactonic ring attached to a
acvl chain. Secretion is controlled by an enzyme Lix.

9. Treatment Options

there is no evidence in the literature that chronk
infected abdominal meshes benefits of adequate  and
optimal therapeutic measures. The most effective surgical
treatment is prevention. First of all it & imporant to
identify and stratify all patient-related risks  and
compensatz them in order to have good outcomes.
Antibioprophilaxy seems to reduce the rate of infected
abdominal wall after IH repair but there are not enough
clinical randomized trals in order to support the
assumption. Adequaie prevention of a biomatenial-
centered infection is therefore aimed at the first contact of
a microorganism with a biomaterial Bacterial adhesions
on the biomaterial depend on the material surface. Mesh
coated with different precious metals, such as titanium,
silver. or gold, can successfully reduce bacterial
attachment

If the abdomen became infected after IH repair, strategy
of monotherapy with intravenous antibiotics in cases of
mesh-related  infections has a poor outcome and
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consequently has no indication because of poor bacterial
susceptibility to antimicrobial agents [21]. The next step is
to open the wound as seon as peossible and to aggressive
debride the wound in order to avoid prosthetic infection.
After necrosectomy, wound debridment and irrigation the
best therapeubic option is to manage the wound with
negative wound pressure therapy. The dressing foam will
be changed every 2-5 days depending on the quantity and
aspect of the liquids discharged. The results of the therapy
is a progressive debridment and a soft granulation tissue
which can lead to wound closure over the mesh [63].

Because ultrasound reduces biofilm formation, several
studies on the effect of ultrasound on bacterial cell growth
and on the treatment of biomaterial-centered infections
have been performed. A positive effect of ultrasound in
gddition to treatment with antibiotics has been shown.
Theoretically, a phenomenon called the bioacoustic effect
enhances the transportation and penctration of antibiotics
within the biofilms. The conirtbution of low-frequency
and high-intensity ultrasound in the presence of an
antibiotic agent removes and kills microorganisms [64].

A recent study show that Diclofenac and Tbuprofen
limit the biofilm formation by the strains of 8 gureus and
E. cofli on the surface of monofilament polypropylens
mesh [65]. The mechanism of NSAIDs impact on biofilm
formation has not been fully explained. It is considered
that 1t shall be connected with inhibition of bacterial
gdhesion Decrease of adhesion and biofilm formation may
be the result of the inhibiting impact of NSAIDs on
production of agents which play essential roles in the
processes and the modification of the surface properties of
the bacterial cell (reduction of extracellular polysacchande.
teichoic acids and proteins by &, epidermidis, change their
hydrophobicity and inhibit the production of fimbrnas by
E. coli). Another possible explanation for inhibition of
bactenia beofilm formation by NSAIDs is ther impact on
the process by quomm sensing system of F. geruginosa
by means of inhibition of quorum sensing les system.

10. Conclusions

Multiple mechanisms by which bacteria from the
prosthefic surfaces develop antibiotic therapy resistance
make this treatment ineffective from the beginning. More
with no means of chemical and / or physical breaking of
the biofilm, the topical treatment of prosthetic infection
can *t lead to good results. Curmently the only way seems
to solve the problem is to remove the whole infected
matenial. The procedure 15 accompanied by a full suite of
techmical difficulties. risks and postoperative complications.
The safest measure but therapy 1s prevention. Which
unfortunately can not be absolute and overrated!
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Abstract

Purpose Risk of complications following hernia repair is the key parameter to assess nisk/benefit ratio of a technique. As
mesh devices are permanent, their risks are life-long. Too many reports in the past assessed mesh safety prematurely after
short follow-ups. We aimed to explore what length of follow up would reveal the full extent of complications.

Methods Time lapses between implantation and excision were analyzed in 460 cases of meshes excised for complications
after hernia repair. Patterns of percentage growth and time lapses at 50th and 95th percentiles were used to compare groups
of different hernia type. age. gender and reason for excision.

Results The 50th and 95th case percentiles in the dataset were at 3.75 and 15.0 years between mesh implantation and exci-
sion. For hemia types, the longest time lapses were for groin hernias (4.0 and 16.11 years at 50th and 95th percentiles). The
shortest were for umbilical hernias (2.16 and 9.68 years). Males had later excisions than females (4.11 and 16.1 vs. 2.47 and
9.79 years). Younger paticnts (<45 y.o.) had later excisions than older patients (4.12 and 17.68 vs. 3.37 and 10.0 years).
Out of all subgroups, the longest time lapses were for groin hernias in younger males (4.77 and 18.89 years) and for mesh
crosion into organs (4.67 and 17.0 years).

Conclusions Follow-up of more than 15 years is needed to fully assess complications after mesh hernia repair. Especially
longer periods are needed to detect mesh erosion into organs and complications in younger males. Presently. short observa-
tions and lack of reporting standard in the literature prohibit accurate assessment of complication risks. We propose to use
cumulative incidence for standardized risk reporting (v% risk ar x years). This will show time-dependent patterns and allow
comparisons between different technigues and studies of vanable duration. Standardization will also help to predict long-
term risks beyond shorter (practical) follow-ups and facilitate real-time monitoring during surveillance.

Keywords Hemnia - Repair - Mesh - Complications - Rate - Follow-up - Standardization - Incidence - Risk
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mation since the discovery of synthetic materials. The first
report of a synthetic mesh repair came from Eugéne Acg-
vaviva of Marseille (France) in 1944, He used nylon which
had been discovered in 1935 in what he described as a ten-
sion free repair [1]. A series of 300 successful cases was
presented by Bourret and Sordinas to the French Congress
of Surgery of 1949 but the new concept never caught on [2].
The next meaningful attempts came from Francis Usher in
1957 who introduced polypropylence and Irving Lichtenstein
in 1989 who promoted polypropylenc as an ideal material
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[3.4]. Both emulated the very technique described by Acg-
uaviva 13 and 45 years earlier, respectively. From Acqua-
viva to the surge in the mid-19%)s in the use of synthetic
materials there was a period of dormancy of 50 years. Such
a delay may well have been due to an ingrained aversion to
foreign bodics in humans as a principle but also, to the fear
of dreaded infections at a time when antibiotics were just
being discovered and suture materials consisted of cotton
and silk [3, 6].

The sudden and ready adoption of polypropylene mesh
in the mid-1990s is unigue in surgery. Have we suddenly
embraced implantable mesh in a casual, uncritical and indis-
criminate way? [t may seem so! According to the recom-
mendations of HerniaSurge through its EHS-International
Guidelines tor the Treatment of Hernias in the Adult. mesh
is recommended for all adult hernias in men and women
[7]. Do we have enough information to adapt such a blan-
ket approach” We need to consider quality of available data
and factors related to the commercial nature of the implants.
Competition and shareholder pressures for the companies
and conflicts of interest for scientists are distinct possible
factors that can influence the original research and later,
its analysis and application [3, 9]. Also, quality of data is
affected by the methodological factors: specifically length of
follow-up and sensitivity of studies to detect complications.
As implants are permancnt and stay in the body for life, the
risks of associated complications should be considered life-
long. Most of the early published reporis were small series
and case reports, which were sporadic and did not allow
prediction of any realistic timing for these events [ 10-13].
As surgeons become more aware of the fact that implani-
able mesh devices can present with complications severe
enough to consider mesh removal, we are beginning to sec
reports of larger series [19-22]. Among the more common
of these complications are pain, infection, ermsion into adja-
cent organs and bowel obstruction. When do they oocur dur-
ing a patient’s lifetime” How long does it take for them to
accumulate in a cohort and what would be an acceptable
follow-up time for studics? How do we standardize reporting
of the complication rates for studies of different duration,
different techniques and during surveillance?

Methods

Explant data were merged into a single dataset from several
sources: academic tertiary center St Michael’s Hospital (Can-
ada), a specialized bernia center Shouldice Hospital {Canada)
and clinics of six specialized hernia surgeons from USA (KP,
[3), Canada (M), Germany (AK, RL), and Romania (V).
Clinical data from 5t. Michacl’s Hospital, an institution with
a formal Ethics board, were reirieved afier approval of the
Rescarch Ethics Board. Contributors from other hospitals and

£ Springer

clinics without formal ethics boards retrieved data following
standard patient consents allowing anomymous data use. The
data were recorded prospectively, of consecutive mesh exci-
sions with a variable starting point between the sources. The
earliest and the latest points of data collection were 2007 and
200 7. All data were analyzed in an anonymous format and
treated to the same ethical standards as per the Research Eth-
ics Board approval of 5t Michael’s Hospital.

The mnclusion criterion was partial or complete mesh exci-
sion. The exclusion criterion was unavailability of the key
clinical information: hermnia type, reason for mesh explanta-
tion, gender, and time lapse between mesh implantation and
excision. We used mesh excision as an inclusion criterion
and a timing milestone for several reasons. This approach
limited analysis to the cases in which severity and certainty
of the cause of complications justified a revision surgery.
Also, this high severity threshold was chosen with the aim
to reduce cases of clinically insignificant complications and
cases of spontaneous pain improvement that can cecur over
time [23]. Additionally, date of excision surgery is reliably
recorded and a reproducible time-point. In contrast, onset of
sympioms is frequently based on subjective recollections.

Microsoft Excel {(www.microsoft.com) and XLSTAT
(wwnaxlstat.com}) applications were used for data analy-
sis. The data were analyzed combining all cases together
and as groups separated by hernia type, reason for excision,
gender, and age. For age comparison, the median age of
45 years at implantation in the dataset was used to separate
paticnts into the younger and older groups. Non-parametric
tewo-tailed Mann—Whitney test was used for continuous data.
Chi-square test was used for categorical data. Percentiles
were calculated for each case in the entire dataset and each
group scparately. Graphs were generated o visualize accu-
mulation of percentages over time since implantation. Time
lapses between mesh implantation and excision at 50th and
95th case percentiles were used as numerical comparators.
We used time-poinis at these percentiles to compare the
groups as well as to provide analogics for studies of full
cohorts. The lapse at S(th percentile would reflect an esu-
mated time-point when an “ideal” cohort of simultaneous
implantations would accumulate 5(0'% of all possible compli-
cations, while the 95th percentile would reflect an estimated
time-point when complication risk assessment would reach
95% accuracy.

Results

There were a total of 460 cases in the dataset after amalga-
mation of the data from the described sources. The numbers
from each source/co-author were: KP-215, IM-63, VI-46,
V-42 DG-33, AK-29 RB-20, RL-12. Out of all cases, nine
cascs were subject to known past medico-legal assessments.
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The dataset incloded excisions of mesh from four hernia
types: groin, umbilical, ventral and incisional (Table 1). All
explants were of synthetic meshes, mostly of knitted mono-
filament polypropylene type, with a smaller proportion of
multifilament and composite devices. For this study we did
not aim to scparate cases by mesh type or type of surgical
approach. but rather studied general patterns of timing of
complications. The only exception was mesh plugs as they
are known to behave differently. There were 40 identified
plug devices: all were for groin hemia.

Several reasons for revision, either single or multiple for
each case were identified: pain, hernia recurrence, mesh
infection, mesh erosion into organs {(bladder. bowel), and
bowel obstruction without mesh penetration into the bowel
wall. The overlaps between stated reasons for excision
occurred between recurrence and pain, and recurrence and
infection. The larger overlap was between recurrence and
pain. It was seen in 20 cases all of which were groin hernias.
These 20 cases represented 40% of groin cases with recorded
recurrence and 6.7% of those with recorded pain. The other
overlap was in four cases in which both recurrence and infec-
tion were stated. We considered recurrence data coincidental
but kept them in the dataset for completeness and because
some cases had another concurrent reason for mesh excision.

All cases combined

In the entire datasct, the time lapses between mesh implan-
tation and excision were 3.75 and 15.0 years at 50th and
95th case percentiles, respectively (range (L08-31.9 years).
Figure | graphically shows growth of cumulative case per-
centage over time since implantation. This curve would
be similar to a pattern of accumulation of complications
in an “ideal” cohort where all implantations occur at the
same time. In full cohorts, this curve represents cumulative
incidence.

As frequently seen in biological processes, there was an
imitial peak of events followed by a gradual decline in the
annual event frequency (Fig. 1. lower panel). The peak was

Table 1 Cuses of mesh excision included in the study

arcund one year after mesh implantation. This resulted in a
maore rapid initial rise in the number of complication cases
and would correspond to higher annual incidences and a
more rapid rise in the cumulative incidence {complication
rate} in 4 full cohort. Then, the number of excisions per year
gradually declined which would correspond to a slowing
growth of cumulative incidence over the 2-3 decades after
implantation, o & point when the curves would plateau at
their saturation level (Fig. 1). At that point, in full cohorts all
patients who could develop complications either developed
them or dropped out.

Hernia types

The groin hernia group showed the longest time lapses
with 50th and 95th case percentiles registering at 4.0 and
16.1 years (Table 2). The umbilical hemias had the short-
est time lapses (2,16 and 9.68 years at 50th and 95th case
percentiles). The difference was significant for umbilical
vs. groin (Mann—Whitney p={0.005) and umbilical vs. inci-
sional {(p=10.03) groups. There was a somewhat different
dynamic of case percentage accumulation between the three
major hernia types (groin, incisional, umbilical) (Fig. 2.
The fastest initial rise was ohserved in the umbilical hemias,
while groin and incisional hernias kept a slower increment
up to the Sth percentile: then the two curves diverged. The
groan hernia cases reached 95th percentile at 16.1 vears after
mesh implantation while incisional and umbilical reached
95th percentile at 1000 and .68 years respeciively.

Plugs

All 40 cases of excised plugs were from the groin. Out of
these, 39 were removed for pain and 1 for recurrence. The
time lapse for plugs was longer than for Aat meshes but it
was ot statistically significant (4.88 vs. 3.75 years respec-
tively for S0th and 16.01 vs. 14.65 for 95th percentiles, grom
hernias). Almost all (98%) plugs were removed for pain in

Median age”®  Gender Reaxsons for revision”
Cyzars) M F All reasons Pain Recurrence Infection Erosion intey  Bowel
ATgans ohstrue-
Lom
All hernia types 45 34 126 460 in RS 43 13 4
Hermia types Giroin 4z 271 61 333 S} 50 3 L) o
Incisomal 58 44 52 96 16 32 33 13 4
Umbikical 42 11 17 28 21 i 4 L] 1}
Ventral 43 2 1 3 ] o 3 L] L]
pedian age al implantation. *Some cases had more than one reason for revision sargery
4€) Springer

32



Hemia

Accurnuialion of excsion cases aver Bme since mplantation
(&l cases combined)

3 3 8 B

&

Farcamiia of excigions

03 an L] 120 160 =l MO 00 azo
Yaars aftar implantation

E B B B 8 8 2 B B

Numiber of pecisions par year afipr implantation

=
1 2 3 4 5 & 7 B 5% 10 11 12 13 14 315 16 17 1B 15 20 XL 22 33 34 25 26 27 28 2% 3 31 32
Yaars alter implantatian

Fig.1 Rise of case percentage over time since implamtation (upper) with aumbers of excisions per year after implantation (lower). In the upper
graph, Sth percentile is marked by intermapted lines
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Giraiin 505400 %396 « 1) cases Mo cases
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955 10.00 95%-9.35 955 10,40 517,00
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Groups with < 10 cases are encluded from the table to avoid noise of low numbers
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Fig.2 Percentage {upper) and amnual numbers (lower) of excision
cases i three major hernia types: groin, incisional and ambilical.
Althvugh similar m shape, the patterns are different enough 0 resalt

comparison with #9% of flat meshes in the groin. This dif-
ference was borderline significant (p=0.053).

Reason for excision

By reason for excision, the longest time lapse was for mesh

erosion into the organs (4.73 and 17.0 years at 50th and
95th percentiles). The shortest time lapses were for infection

1z 13 54 15 16 17 18 18 20 21

FZ 23 14 3% 26 37 IR FA W) 31 3T

in a two-fold diference m timing of the 50th percentile between the
graim and umbilical groups (see Table 2 for numerical values)

(341 and 10.9 years). Differences between the groups were
not statistically significant.

Gender groups
‘Grender analysis showed that there were more male patients

in the dataset (Table 1}. This was expected due to the known
gender asymmetry in groin hernias (81% of all groin cases
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Table 3 Time lapse (years) at
50th amd 951h percentiles in
gender and age comparisons

Fig.3 Analysis by gender
{upper) and age (lower). There
was near tao-fold diference in
the steepness of case percent-
age acoumulation between the
groups (see Table 3 for numeri-
cal values)

2 springsr
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were males). Male patients had mesh excisions later than
female patients (Table 3, Fig. 3). The difference was sig-
nificant for all cases together and in the groin hernia group
(p< 0001 and p=0.003 respectively). This trend was also
observed in other hernia types. but it did not reach a level of
statistical significance (p>{(L05).

Age groups

To analyze data by age, we separated cases through the
median age of 43 years at mesh implantation. There were
225 patients in the “yownger”™ and 234 in the “alder™ group
(one patient was excluded due to unconfirmed age). The
vounger paticnts had predominantly groin mesh excisions
(83% of younger vs. 62% of older, p < 0.0001). Pain was
the most frequent cause for mesh excision in the younger
patients for all hernia types (86% of younger vs. 61% older,
<0001}, Younger patients had significantly longer time
lapses for groin hernias (Table 3. Fig. 3, p=0.001) and
meshes removed for chronic pain (p=0.0{04). Explantations
of mesh from the groin in younger patienis had the slowest
incremental rise of case percentage out of all tested groups
(4.77 and 15.89 years at 3(th and 95th case percentiles).
Another asymmetry in age comparison was for mesh erosion
into organs. There were only 2 erosion cases in the younger
patients compared to 11 in the older group (p=0.022). There
was no difference in time lapse between younger vs. older
patients for mesh erosion, howewver the numbers of cases
wiere low.

Discussion

One of the main parameters to assess safety of an implant-
able device is its risk/bencfit ratio. Assessment accuracy of
risks and recurrences directly affect assessment of this ratio.
For a specific accuracy (e.g. 95%) follow-up needs to be at
least as long as it takes to accumulate that percentage of
all possible complications and recurrences in a cohort. In
prospective studies of full cohorts data are affected by new
recruitment and patient dropout. Continuous new recruit-
ment will delay accumulation of complication cases and
skew data inherent to a procedure. Therefore, analysis of
the cumulative incidence (complication/recurrence rate)
should be timed by implantation and follow-up, not begin-
ning and length of a study. We aimed to estimate the length
of follow-up necded for accurate assessment of complica-
tions after mesh hernia repair and analyzed the lapse of time
between mesh implantation and excision. We did not aim
to answer questions of which device or a technigue poses
higher risks. Instead, we studied general timing patterns of
complications. Our aim was to help other researchers to bet-
ter design their studies of full cohorts, assess the risks with

acceptable accurscy and report them in a standardized for-
mat. Accumulation of higher quality data will enable valid
comparisons between technigues and identification of supe-
rior approsches.

Our observation was that complications can occur ycars
and decades after implantation. Their frequency was higher
in the first 2 years, then the frequency gradually declined
over a decade or longer, depending on the group. This would
correspond o an initial faster rise of cumulative incidence
(rates) of complications in a cohort, then a slow plateau-
ing until all patients who can develop complications either
develop them or drop out. The rates, or prevalence of some
complications, for example chronic pain, can also decline
over time due to spontancous resolutions [23]. However, the
symptoms can recur afier a temporary period of improve-
ment which would result in a himodal pattern. In our dataset,
the inclusion criterion was excision surgery which excluded
cases of sustained spontancous resolution. We observed only
unimodal patterns based on mesh excision as a timing point
and an inclusion criterion.

The 50ih case percentile in our dataset was reached at
3.75 years after mesh implantation. This indicated that stud-
ics of comparable median follow-up time may have a large,
up to 0% underestimation of the complication risks. The
curves plateaved around 15 vears after implantation for all
cascs together and over 17 years in some individual groups.
In an carlier report, Klosterhalfen et al. reported median and
maximum time lapses of 23 and 180 months [24]. Owr data
were collected approximately 7 years after that study which
gave us more time after the rise of mesh use in the 1995
It is likely that, after another decade a similar project can
vield time lapses longer than in our dataset. This trend was
observed in pelvic mesh devices which had sharper timing
of device introduction into practice. Miklos et al. collected
data between 201 1-2013 and reported median and maxi-
mum time lapses of 3 and I years for devices cleared in
2002 (transvaginal mesh), and 3 and 18 years for devices
cleared in 1996 (slings) [23]. Timing difference between
device introduction {6 years) appeared to affect the differ-
ence between maximum time lapses (3 years).

Our 13-year time lapse at 95th percentile may still be a
conservative estimate at this point, as younger patients who
underwent implantations in the 19907 will live for several
more decades. Based on pure data and not considering finan-
cial and practical aspects, follow-up of 15 years or longer
is required for studies aiming to assess the full extent of
complication risks. Based on our PubMed scarch, the over-
whelming majority of the published siudies had follow-up
times of less than half of this time. This indicates that there
is a large degree of underestimation which is not readily
acknowledged in the literature and subsequently not recog-
nized in practice. At this stage, we may not yet have enough
data to draw firm conclusions about performance of some
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techniques or devices. Let us attempt to review ezch group
of complications:

Fain has become the most prevalent complication following
the use of mesh in hernia surgery. The EHS-HerniaSurge
group provided a review indicating 10-12% incidence of
clinically significant chronic pain with a range of 0.7-75%,
subject to pain definition [7). Follow up times for the stud-
ies referenced in relation to chronic pain were up o 3 years
while most were less than 5 years. Another large review
provided a range of 0-533% for chronic pain after inguinal
herniorrhaphy. where the range was 15-353% when only
studies with pain as a primary outcome were considered
[26]. Follow-up times in the reviewed studies ranged from
3 months to 6.5 years.

It is also important to understand how the long-term data
are collected. For example, the Danish Hernia Database
reported 11% of chronic pain at 1 year. Then the patients
with pain were surveyed at 6.5 years and showed a reduction
in pain intensity. However, based on the described methodol-
ogy. new incidence appeared not to be studied in the remain-
ing cohort; therefore it was not clear what was the overall
prevalence at 6.5 years [23]. Also, lack of follow-up beyond
6.5 years does not exclude recurrence of the symptoms with
a bimodal pattern.

Parallel comparisons between different technigques that
aim to show difference in the rates, rather than sbsolute
numbers are expected to be less dependent on the length
of follow-up. However. we observed different steepness of
the percentage risc in different patient groups (Figs. 2, 3).
Similarly, differences in curve steepness between different
techniques can result in challenges for comparative assess-
ment during the carlier years. A case in point came from the
Cochrane review. The reviewed studies had follow-up of up
tor 5 yewrs but the suthors could not reliably compare chronic
pain between the mesh and non-mesh groups because of
high heterogeneity of follow-up times and definitions in the
studies [27]. Unfortunately, this attention to the length of
fosllow-up is not always apparent in publications. For exam-
ple, a recent review aimed to compare chronic pain after
mesh and non-mesh repairs and reviewed 23 randomized
controlled trials (RCTs) [28]. They observed no difference
between the technigues and concluded: “Mesh may be used
without fear of causing a greater rate of chronic pain.” How-
ever, the median follow-up in the reviewed studies was only
1.4 years (range 0.5-10 years).

To put the above follow-up times in perspective and esti-
mate the degree of possible underestimation of the risks, our
dataset showed that 30F% of groin meshes were explanted for
pain within the first 4.0 years after implantation. Then, the
remaining half had timing of excisions spread over more than
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10 additional years with 95th percentile being at 16.11 years.
Younger male paticnts showed even longer intervals between
implantation and excision (4.77 and 18.54 years at 50th and
U5th percentiles). therefore these patients would need longer
fosllow-up intervals to accurately assess rates of chronic pain
after groin repair.

In our dataset. 6.7% of groin meshes removed for pain
also had hernia recurrence. In these 6.7%. pain may have
been related to the recurrent herniation. Regardless of the
mechanisms of pain, the overall situation was assessed as
sufficient to justfy mesh excision by the treating surgeon.
There was no significant difference of the time lapse between
these complex and pain only cases (5.0 vs. 3.74 respectively
for 50th, and 12,09 vs. 15.43 for 95th percentile, p=0.31).
Therefore, these complex cases need o be followed for the
same duration. Out of 300 groin meshes removed for pain 39
(13% ) were plug devices. The frequency of pain in removed
plugs was higher than that in flat meshes (98% vs. 899,
p=0.053). These findings were in line with the published
knowledge that the plugs are higher risk devices [7]. They
also showed a trend for longer time lapses, therefore they
need to be followed for at least the same duration as the flat
devices. Orverall. majority (81%) of groin meshes removed
for pain were flat devices without recorded recurrence.

Infection

An earlier publication of Mann et al. may have been one
of the first to describe infections associated with synthetic
mesh “many months from the operation”, but no exact statis-
tics were provided [29]. Delikoukos et al. reported 5 cases of
late onset mesh infections out of 1452 repairs (0.35%). The
infections occurred between 2 and 4.5 years after implanta-
tions [30]. More recently, Filippou et al. reported a case of
mesh infected with the rare Ps. acruginosa 14 years after
surgery [31]. Chen et al. reported eight cases of such late
onset infections occurring from 3 to 60 months after mesh
repairs. The cases were of two complicated incisional and
six inguinal hernia repairs [32]. The latter were identified
as five Lichtenstein and one Rives preperitoneal repair. The
incidence was 0.24% for inguinal and 0.78% for incisional
hernias.

In the present series, the 50th case percentile registered
at 3.41 years while the 95th percentile at 10.9 years after
implantation. In agreement with the carlier studies, infec-
tions were more prevalent for incisional hernia than for other
hernia sites (Tables 1, 2).

Erosion-migration
The word erosion is not a popular term among abdominal

wall surgeons yet, it may well be the mechanism whereby
many mesh complications may be explained. We recently
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showed that slow erosion of mesh into the spermatic cord
can cause pain and dysejaculation [33]. What has not been
well appreciated is that a foreign object can eventually erode
into any tissue and cause damage on its path. Ability of for-
cign bodies to migrate through human tissues has been con-
tinuously described during the previous century [34-38]. It
should not be a surprise that mesh, as a foreign ohject can
slowly erode through tissues. Forces such as intraabdomi-
nal pressure, mesh shrinkage, muscle contractions, etc. can
act to displace the mesh and it is just a matter of time and
tissuc strength how far mesh can move through the tissues.
The process may take years with resultant complications
dependent on the imvolved tissues and organs. Internal ero-
sion and migration have been documented for both, hernia
and vaginal mesh devices [17, 18, 39-43].

A special concern has been erosion into the adjacent vis-
cera, especially after laparoscopic repair. One of the ear-
lier reports in 1996 described mesh invasion of the bladder
following a laparoscopic inguinal hernia repair [44]. Later
reports described mesh migration into the bladder 11 years
after the surgery and a composite mesh migration into sig-
moid colon after 5 years in the body [45, 46]. Intraperitoneal
mesh poses higher risks as it can have a direct contact with
the bowel without any anatomical barriers between the mesh
and the bowel. However. mesh devices placed deeper in the
tissues, especially mesh plugs, can also migrate into the peri-
toneal cavity and then cause either adhesions or continue
their way to erode into the bowel [47-53]. Chronic infec-
tion spreading from the bowel lumen can resuli in a fistula
between the bowel and skin [48, 54-57]. This process of
internal erosion and fistulisation can take 135 years or longer
[55-58].

As time passes since the beginning of widespread use of
prosthetics, we sce more reports of mesh erosion through
tissues and mesh migration. To that end, two recent pub-
lications have highlighted the clinical import of this most
delayed and challenging of complications. Gossetti et al.
have reviewed 101 clinical reports of mesh-related visceral
complications following inguinal hernia repair [20]. The dis-
cussion noted: “reported complications secm to have tripled
in the last decade”. Their conclusion was: “highest incidence
is related to laparoscopic repairs, the lowest to Lichtenstein
techmique”™. Time-to-event in the reviewed reports ranged
from 2 weeks to 26 years (median & years). In another rel-
evant review, Cunningham et al. analyzed data from 84 arti-
cles describing mesh migration in 4 hernia types (inguinal,
incisional, umbilical and lumbar/obturator) [22]. Their anal-
vsis showed that multiple organs were imvolved in 31.5% of
cases, the small bowel in 25.5%, colon and bladder in 16.9%
each. Other sites included skin, spermatic cord, scrotum,
adnexa, heart, and general abdominal cavity. Median time
from mesh placement to definitive diagnosis or treatment
was 43 months (interquartile range 24-93).

Our own statistics of the meshes removed for erogion into
a viscus revealed 50th case percentile at 4.67 years and 95th
percentile at 17 years after index surgery (Table 2). Ero-
sion into organs had the longest time lapse between mesh
implantation and excision in comparison with other types
of complications. It indicated that accurate assessment of
erosion risk would need especially longer follow-up times.
We assessed only cases of clinically obvious erosion of mesh
into organs. Based on our histological observations. we
expect internal erosion through tissues without organ per-
foration to be much more prevalent. The resultant symptoms,
such as pain or crgan dysfunction would depend on damaged
internal structures. Mesh displacement and deformation can
also expose tissues for recurrent herniation. Meshoma for-
mation is another clinically detectable phenomenon caused
by mesh movement and deformation.

We observed a smaller number of mesh erosions in
younger paticnts than in older ones. At the same time,
younger patients had longer time lapses for other complica-
tions. This finding suggesis a possible pathophysiological
connection. Younger patients may have later presentations
because their stronger tissues can delay onset of symptoms
related to internal mesh erosion.

Bowael obstruction

This complication could be either due to erosion of mesh
intofthrough the wall of the intestines or due to intraperito-
neal adhesions [51, 52, 59]. Such cases of bowel obstruc-
tion may defy statistical registration since they are usually
emergencies. As surgeons become more aware of this pos-
sible complication, significant series are expected to be
reported. One such study covered 733 patients who under-
went laparoscopic ventral hernia repair and reported 17%
reoperations out of which 14.4% or 2.5% of the entire series
were for bowel obstruction [21]. The mean follow-up was
193 months.

In our dataset we had only four cases of meshes removed
for bowel obstruction without mesh erosion into the bowel.
The time lapses were 3.65 and 4.61 years 50th and 95th
percentiles.

Recurrence

Since mesh excision is not routinely carried out during re-
operation for recurrence our data of recurrences was consid-
ered mostly coincidental and was not analyzed. The ques-
tion of how long follow-up should be to accurately asscss
the recurrence rates was previously raised in the lterature.
Analysis of the large Herniamed database showed that
57.46% of hernia recurrences occurred within 10 years afier
operation, while the remaining 42.54% occurred much later,
some even after 50 years [60)]. Incisional hernias showed
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faster accumulation of recurrences: 91.87% occurred within
10 years of the last operation. A breakdown of the Hernia-
med data showed that only 77% of groin hernia recurrences
presented clinically within 20 years after repair [60]. The
fosllow-up would need to extend well bevond 20 years to
assess the long-term recurrence risks with 93% accuracy.
Although our data for recurrences were coincidental and the
number of cases was only a fraction of the 171,143 cases in
the Hermiamed database, the general patterns were similar:
faster accumulation of recurrences for incisional hernia and
slower for the groin.

Similarly tocomplications, failure to implement sufficient
fosllow-up will result in underestimation of recurrence rates
and subsequently affect assessment of the risk/benefit ratio.
It could be argued that short follow-ups underestimate both
the complication and recurrence rates, and therefore may not
affect the ratio. However, as we observed in different patient
groups, the degree of underestimation between the groups
can be very different in the early years after mesh implanta-
tion. It can also be different between recurrences and com-
plications in the same group which would affect the ratio.

Risk/benefit ratio

Our aim was not (o calculate the nsk/benefit ratio but rather
tor estimiate what length of follow-up is needed to accurately
asscss the risk part of the ratio. The litcrature analysis
above showed that, due to short follow-up intervals most
currently available data in the publications do not reveal the
full extent of the risks of hernia mesh devices. The avail-
able data for recurrences as a measure of the benefit are
also affected by follow-up duration. As Hernlamed data of
groan hemias showed. follow-up of over 20 years is necded
to assess recurrence risk with accuracy better than 77% [60].
We conducted a separate literature review focusing on recur-
rences and found that the majority of studies had follow-ups
of less than 5 years. Overall, even considering the financial
and administrative challenges of long studies, most studies
for either complications or recurrences had unacceptably
short follow-ups. More studies with longer follow-ups are
still needed to accurately assess the risk/benefit ratios and
conduct statistically valid comparisons of devices and tech-
nigues, including pure tissue repairs. These studies may still
nost reach the ideal lengths of follow-up: therefore they nead
to report data in a time-dependent format and inform prac-
ticing surgeons of the incomplete nature of the data. In the
meantime, we must sccept that the ideal implant is yet to be
discovered and a judicious approach must be exercised in the
use of all current foreign materials. In many instances, the
“old ways" may still be valid, safe and rewarding and must
not be discarded for the simple notion of being modern, up
tor date or in sync with one’s colleagues. Alexander Pope
was never wrong when he penned his aphorism: “Be not the
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first by whom the new are tried. Nor yet the last to lay the
old aside™.

Standardization of risk reporting

Based on information provided in the reviewed studies and
definitions of statistical terms we identified at least two
methods that were used to calculate complication rates in
the studies: cumulative incidence and prevalence. Cumu-
lative incidence represents the proportion of patients who,
initially symptom-free started experiencing a disease during
a period of time [61, 62]. Prevalence represents the propor-
tion of patients who had a discase either at one point in time
(point prevalence) or during a period of time (period preva-
lence). Cumulative incidence was a more common method
as authors counted together all patients who started expe-
riencing a complication at any time during the follow-up.
Although cumulative incidence should be reported with a
time denominator, most publications reported it as a single
number. Median follow-up time. if given would be provided
separately. Only few recent studies tracked timing of the
risks using different approaches: Kaplan-Meier curves of
either recurrence-free survival or risk of recperation: and
cumulative incidence curves of recurrences [63—6Y9]. In rela-
tion to complications, one study wsed cumulative incidence
[70]. Prevalence as a method to calculate complication rates
was not a5 common in the reviewed studies. We observed
it being used to assess chronic pain. For example, Aasvang
et al. reported the final percentage of patients who contin-
ued to experience pain at the study end [23]. Studies that
used questionnaires asking if patients had pain at the time of
answering them would also collect prevalence data.

In other specialties that employ implantable devices there
is & trend to assess risks using time-dependent approaches.
For example, Kaplan-Meier curves have been used to
describe survival of dental implants, sk of reoperation after
knee replacements, and risk of capsule contracture around
breast implants [T1-74]. Cumulative incidence has been
used to show risks for knee revisions in articles and publi-
cations of the Canadian Joint Replacement Registry [75, 76].

As described, we observed a high heterogeneity of report-
ing approaches. length of follow-up and quality of meth-
ods description in the reviewed hernia publications. This
situation makes it difficult to accurately assess the risks
and compare different technigues. Our data indicated that
follow-up needs to be over 15 years which can be chal-
lenging technically and financially. At the same time, nse-
fulness of the more achievable shorter studies is further
reduced by non-standardized reporting. The field of hernia
surgery needs standardization of reporting to continue its
evidence-based development. The question is what would
be the most appropriate approach for standardization? The
method should track risks in time to enable comparison of
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different technigues and studies of different duration. Both
cumulative incidence and Kaplan—Meier curves have been
used in the literature. The Kaplan—Meier curves were used
as a conventional survival of either implant or patient, as
well as inverted, to show accumulation of revisions. Graphi-
cally. inverted Kaplan—Meier curve is similar to cumulative
incidence. As a statistical term, cumulative incidence pro-
vides the best fit for the purpose. It defines the risk for an
individual patient to contract a disease (complication) within
a given period of time (from implantation to follow-up
end) [61, 62]. Graphically, cumulative incidence is always
shown in one direction. Our graphs reflected cumulative
incidence in percentage values. A standard way to report
it numerically is together with the time period. Based on
our literature review, it is already the most common method
to calculate complication rates, although reported without
the time denominator. The only additional step would be
to record complications together with the lapse time, then
use the data to graphically show that relationship and report
numbers in the format ¥ % risk ar X time.

It could be argued that cumulative incidence does not
account for spontancous resolutions of chronic pain that can
be reflected by prevalence. However, serial takes of point
prevalence would be nesded to shiow its changes in time. The
methodology would be impractical as a standard. Additional
studies can be conducted to determine patterns of pain after
the overall risk to ever experience chronic pain is determined
by the cumulative incidence. An argument against a time-
dependent approach could be that risk/benefit ratio is less
dependent on time as both parameters are affected simulta-
neously. An important note is that steepness of the risk rise
may be different between the complications and recurrences.
Therefore, it will affect the risk/benefit ratio, especially in
the carly years after implantation.

Standardized reporting cannot replace the need for longer
follow-up to minimize underestimation. Longer follow-ups
are also needed to compare different technigues and devices
as curve sicepness can be different. especially in the early
vears. We observed different steepness of the sccumulation
curves, depending on patient factors (age, gender) and hernia
type. The best balancing factor is still time, time to reach
the time-dependent plateaw in the risk growth. Therefore, it
should be aimed to extend duration of follow-up as much as
technically and financially possible and report data together
with their timing.

Conclusion
Whereas occasional and rare reports of mesh complications

were the rule in the past. the last 100to 15 years have allowed
a better perception of the march of events of synthetics in the

patient population. Regrettably, in their eagerness to report
success stories, too many authors have been documenting
prematurely what can now be seen as preliminary findings.
The technical aspect of any surgery can be mastered in a
relatively short time, but assessment of the risk/benefit ratio
must depend on the long-term results in patients. Follow-up
interval needed to fully assess the risks of mesh hernia repair
is estimated to exceed 15 years, yet majonity of the published
studies had follow-up intervals of less than half of that time.
In addition to short follow-ups, lack of reporting standards
further complicates the issue. We believe that our patients,
practicing surgeons, the scientific community, and regulat-
ing bodies are in urgent need of standardization of reporting
of complication risks for permanent prosthetic devices. We
propose to use cumulative incidence in the format of Y% rare
at X vears and graphically show the relationship between the
risks and time since implantation. It would allow statist-
cally valid comparisons between studies of different dura-
tion and different techniques; help predicting long-term risks
beyond realistic follow-ups; and facilitate early identification
of unsafe devices. In the meantime, a judicious approach
must be exercised in the wse of all current foreign materials.
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Rezumar

Separarea muschinlui transvers abdominal (TAR ) pentri
tratameniul herniilor incizionale voluminoase

Inpvobecere: cura herniilor incizionale complex reprezinci un
topic provecator 51 de mare acoualitate. Tehnicile, numeroase
sunt in majositates lor incapabile 3 aringd obdectivele
chimsgiei moderne a peretelui abdominal. Separarea poste-
ricard a componenetelor cu eliberarea muschiuluii transvers
abdominal (TAR) reprezincd un abord nou @ inowarce care
oferd soluria pentru raramentul hesniilor dificile.

Metoda: teaca postericard a dreprului abdorminal este deschisd
pentru disecria planului retomusculas. Modificind  rehnica
Rives-Stoppa se creeazi un spariu preperitoneal de mari dimen-
siuni prin sectionarea muschiului ransverss abdominal medial
de linia semilurard. Acest spariu se exrinde cranial pind la
tendorul ceneral al diafragmulul, inferios in spariul Berzius si
lareral pédnd la psoas. Mesa este plasari in acest sgrariu {sublay).
In majoritatea covdssitoare a pacientiloe linia albd este recon-
sruich permipingd recreasea wnui perete abdominal funcrional
inciric de protezi.

Remluare: In intervalul noiembrie 2014 - iulie 2016 am aplicar
procedeul la 24 de pacient (14 de sex masculin) cu hemii
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venmmale incizionale de mari dimensiuni. 18 (75%) prezenmau
defecre recidivate cu gmde vasiabile de recidiva. Dimensiunesa
medie a Eiyimii defecrului a fost de 18,3 cm (incre 12 5i 28 cm).
La 5 dintre ei s-au instalar complicarii ale pligii care au necesi-
rat reinrervenpie. Timpul medin de urmdrire a fosr de 11,8 luni
(2 — 1B luni) fard recidiva.

Concluzii: TAR page si fie rehnica “ideald™ pentru abordarea cu
rezultare bune imediate a herniilor complexe.

Cuvinte cheie:

Absiract

Background: complex ventral hernia repair 5 a frequent and
challenging topic. Reconstructive techniques are numerous but
most of them are unable to achieve the goals of hemioplasry
Posterice component separation with mansverses abdominis
muscle release (TAR) is a nowvel appecach thar offers a solurion
fior complex venimal hernias,

Method: The posterior rectus sheath b incised and the retro-
recmus plane is developed. In a modification of the Rives-Stoppa
rechnique, the ransversus abdominis is released medial o the
linea semilunaris to expose a broad plane thar extends from the
central rendon of the diaphegm superiody, w the space of
Retzius inferiody, and laterally to the retro-peritonenm. This
preserves the neurvascular bundles innervating the medial
abdominal wall. Mesh is placed in a sublay fashion above the
posterior layer. In an overwhelming majority of patients, the
linea alba is reconstrucred, creating a funcrional abdominal
wall with wide mesh reinforcement.
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Resads: Berween Novernber 2004 and July 2016 we wsed this
peoceduse in 24 patienrs (14 males) with lage median venreal
incisional hemias. The recumence in various degrees was
peesent in 18 patients {75%). The average size of the defect was
18,3 cm. in width (12 to 28 cm). Five patienss (21%) developed
various wound complicarions requiring reoperation. Follow-up
berween I and 18 months (11,8 maonchs) wirthour securence.
Conclusion: TAR seems o be the “ideal” approach for complex
hernias wirth good immediate cutcomes.

Ky words:

Introduction

The ideal surgical approach to the difficult venural hernia repair
is still a marrer of debare because of the high peri-operative
moshidity (abdominal compartment syndrome, respiratory
failure), frequent recurrences and poor quality of life. Recentdly
described by Ewropean Hemnia Association as a clear enriry,
difficulr complex abdominal wall is a large challenge for both
susgeon and parient (1, 2). Closing such defects is a significant
problem in obtaining a reliable, durable repair with low
mioebidity and recurrence mte.

Rives — Stoppa repair evolved as an effective sepair with
favorable curcomses and low morbidiog The posterior recous
shearh dissecricn provides release of the rectus muscle and a
well vascularised “box™ for mesh placensent. Bur the procedure
is not appropriate for large defects due to is frequent inabilicy
of anrerior fascial closure which leads w large susfaces of mesh
under the skin (Fig. 1). The immediate resulr is an increased
rate of surgical site events (S5E) and surgical site infections
(S51) as reporred recently (3)

The approach of anterior component separation [(ACS) as
described by Ramirez, despite s wide fascial advancemnent and
improved funcricnal curcomes i encumbered by a significant
wound morbidiny ar mtes as high as 50% even in the presence
of peri-umbilical perforaross sparing (4,5). Minimally invasive
surgery modificarions reduced S5E bur could not imgrove the
recurrence rate which is srill up o 30% (8).

A the number of large and complex abdominal wall defecrs
is increasing it is obwious thar the procedure i not adequare for
awch pathology. Some modificarions of the techniqgue were
reported bur the limired advancement of the recns abdominis
miuscle (BA) make them inappropeiate (7, 8.

Im 2002 Mowvissky er al reporred a nowvel approach o
posterior component separation by transversus abdominis
muscle release (TAR) (9. This is a lareral exrension of Rives
- Stoppa repair with rhe creation of a wide space berween the
mransversys abdominis muscle (TA) and fascia reansvessalis-
peritoneum complex. The promising results of this inirial
report determined us 1o implement the procedure as a daily
practice.

The goal of the paper is o present operative technical
details of the procedure and our shorr-tesm resulrs,

Figure 1. Inability to clese the anlerior rectus fuscia expose o an

inereased mmnber of 35E with mesh imvolvement

Step by step procedure for a midline incisonal hernia
(8- 15)

1. mid-line large laparctony with complere excision of the
scar if the skin is thin and poorly vascularized anly by
the contact with the peritoneal sac. The umbilicus
is nsually excised. Dissection of the sac in the dassic
fashion.

2. adhesiolysis: completely free all the bowel'omyenmum
adhesions from the undersurface of the abdominal wall
(AN 1o allow medializarion of this laver and o prevent
bowel injuries ar the reconstruction time Minimize
inrerloop dissection only to prossly adhesions in order w
prevent postoperative obstruction. Protect the viscera
with a wide wet soft rowel.

3. crearion of the remrosectus space is initiated ar the level
of the ambilicus. An incision is made on the posterior
sheath 0,5 — 1 e apart of its medial edge (Fig. 2.

Incision of the rectus sheate with opening and creation
af thre rerrommuseinor space. The milestone of the procedire
ix fderuificention of the recras abdominis muscle | Felow
armw). The dodted lime ix the line of mcison of the entire
recius sheath
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Identify the RA nort 1o enter pre-peritoneal plane ! If the
plane is correctly appeoached the incision is extended cranially
and caudally on the enrire length of the RA shearh and the
retro-rectus space s developed by blunr or sharp dissection.
Larerally che dissecrion is extended to the semilunar line. Care
must be taken to prevent damages of the epigastric vessels and
of the neurovascular branches of the RA which perforate the
posterior sheath just medial o Spiegel line (Fig. 3).

The retro-recrus plane s continued by cranial dissection 1o
the retro-xiphoyd plane and caudal in the pre-peritoneal space
of Rerzius with idenrification of both Cooper's ligaments and
pubic symphisis.

4. incision of the posterior rectus sheath in the upper third
of the abdomen, 0,5 cm medial o the perforating
neurovascular bundless of the thoraco - abdominal
nerves the posterior rectus fascia is sharply incised ro
expose the underlying TA muscle (Fig. 4).

Once the muscle is exposed the fibers are then divided
along its entire medial edge. The separation from the pre-
peritoneal plane is easily with an “L" curved dissector (Fig. 5).

In the upper third the muscle is well developed and easy o
identify; its volume regress in the distal 2 thirds where there is
no muscle bur only rendinous component.

5. creation of the pre-peritoneal plane berween the edges of
the manssected TA a new pre-peritoneal plane is
created. Two Allis clamps on the lateral edge of the TA
are elevated rogether with the muscle by the assistant sur-
geon. Left hand of the surgeon pushes inferiorly the
medial edge of the TA so a dihedral angle is created
berween the muscle and the peritoneum. With a mount-
ed swab the undersurface of the lateral border of the TA
is freed from the peritoneum. In 20% or mare frequent at
the first procedures peritoneal tears are encountered (10).
All of them must be carefully closed with an absorbable
suture (30 Vicryl usually) o avoid protrusions of the
small bowel under the mesh. In rare instances (2%) large
peritoneal rears cannot be closed and must be buttressed
with omenrum, local far or even an absorbable mesh.
Laterally the dissection is extended as far as the psoas
muscle; it’s lareral border can be used as a landmark but
usually the posterior axillary line is the main anatomic
landmark for the lateral dissection (Fig. 6).

The cranial exrend of rthe dissection depends on the
extend of the defect; in upper hemias the space is advanced
cranially through the costal margins o view the diaphragm.
Inferior the pre-peritoneal plane is conriguous with the space
of Retzius in the median line and with the space of Bogros on
its lareral part. Trans-secrion of the medial attachments of the
arcuate line of Douglas to the linea alba allow the access w the
pre-peritoneal plane. Parietalizarion of the cord or resection of
the round ligament extend the dissection in the space of
Bogros and both miopectineal triangles.

6. closing of the posterior rectus sheath with a 2-0 slowly
absorbable surure (Polydyoxanone) recreates the visceral
sac excluding the bowel from the lasge retro-muscular
space (Fig. 7).

7. placing the mesh this wide pre-peritoneal space is

Figure 3. The retrovectus space is created. The dissection is extended
lateral as far ax linea semilunaris (Spiegel) (vellow arrow)
where can be easily identified the neurovascular bundles
for the rectus abdominis muscle

Figure 4. After dissection of the retrovectus spoce the Iransversus
abdominis muscle is incised at 035 cm medial from the
semilurnar line (dotted arrow). The incision is camried
along its entire length (donted line) medial 10 the
nesrovascular bundles (vellow arrow)

Figure 5. Incision of the transversus abdominis muscle.
Arrow-transversus abdominis fibers

measured in length and width for an appeopriate mesh
adjustment. Usually a mesh lager than 3030 cm &
necessary. A low or mid weight large pores monofilament
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Figure 6.  The newly prepenitoneal plane is created separating the
undersurfuce of the lateral transected transversus
abdominis (arrow) from the peritonewm and fascia
transversalis. Dotted arrow- the medial component of
the transected transversus abdominis

polypropylene mesh is used (40 o 60 g'ny’). For lareral
defects or very large defects a heavyweight mesh could be
necessary. The mesh must overtap the defect minimally o
the anterior axillary line, subxiphoid space and 24 cm.
bellow the simphisis.

8. anchoring the mesh first step is to suture the mesh o
both Cooper's ligaments and to simphisis with nr 1
slowly absorbable surure. Inferior fixarion is essential for
the protection of the supra-pubic area because the
vectors of the intra-abdominal pressure are directed
inferiody. Cranially 2 stiches fixe the mesh around the
xiphoid covering the epigastric area and retrosternal
space. Three bilateral stiches bellow the costal margin,
medial to the anterior superior iliac spine and medial
the psoas muscle are passed through the entire abdomi-
nal wall with a Reverdin needle and complete mesh
fixation. Lateral wide owerlap and intra-abdominal
pressure mainrain the mesh in position without the fear
of lateral recurrence. The mesh could be fixed in the
retromuscular space by rthe aid of biologic glue with
better cutcomes in terms of postoperative pain and
recovery. There are no published data yer (Igor Beliansky
— personal communication). The space and mesh are
irrigated with a saline solution conraining 80 mg of
Gentamicyne in 250ml. Mechanical and chemical
action reduce the risk of mesh infection. Two closed
suction drains are placed on the ventral face of the mesh.

9. anterior fascial closure with a running slowly absocbable
nr 1 suture recreares the linea alba. A subcuraneous
drain is oprional only if there are pockets which cannot
be closed. Otherwise the subcuraneous tissue is closed
with interrupted absorhable surures. Skin closure. An
abdominal binder s recommended in the first post-
operative days in order to reduce seroma formation.
After that is parient’s choice.

the wide preperitoneal space which will be the “ideal”
place for the mesh

Results

Berween November 2014 and July 2016 we used this procedure
in 24 patients (14 males) with large median ventral incisional
hernias. The recumrence in various degrees was present in 18
patients (75%). One parient was with a large median and
parastomal left hernia. The average size of the defect was 183
cm. in width (12 to 28 cm). The anterior rectus sheath was
closed in all patients without one. Five patients (21%)
developed various wound complications requiring reoperation
(hematoma 3 parients and superficial wound infection without
mesh involvement in 2 patients). Follow-up between 2 and 18
months (11,8 months) without recurrence.

Discussions

The benefit of the retro-rectus repair of abdominal wall defects
has been well documented over the years by many authors after
Rives and Stoppa published their researches. This technique
provides many advantages in the reconstruction of complex
defects (8-15):
1. the retro-rectus space is an easily dissecred potential
space;
2. it is a well vascularized compartment with a more
efficient collagen deposition and mesh integration;
3. in a recent systematic review and network mera-analysis
sublay was associated with lower risk of recurrences and
SSI compared 1o on-lay, inlay and undeday. Sub-lay was
ranked the best mesh placement option with a high
probability of being the best trearment (94.2% peoba-
bility of having the lowest odds of recurrence and 77.3%
probability of having the lowest odds for SSI) (16).
All this advantages are limited by the frequent impossibility
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of closing the anrerior fascia in ke defecrs with increasing
SEE, recusrence and inability o properly heal.

The goal of any hernioraphy is fist of all the restoetion
of a funcrional abdominal wall by recrearing rhe linea alba
reinforced with a large prosthetic mesh overdap and with
minimal eady and late wound morbidicg

The posterior component separation by transversus
abdominis muscle release (simply TAR) is a modificarion of the
Rives-Stoppa proceduse which combines it with developing of
a large remo-muscularpre-peritoneal plane and a consistent
medial advancement of the abdomiral wall muscularure and
accompanying fascia. Dividing the TA fibers the hoop rension
around the abdomen is released and che abdominal cavity is
increased. The intra-abdominal pressure (LAP) is also lowered by
drawing the abdominal wall upward (11). Also the force vecror
of the TA directly opposing the medialisation of the fiscia is
abolished. The result is a fascial advancement of B 1o 12 cm on
each side which allows restoranion without rension of the linea
alba wich imgeoved abdominal core muscle funcrion. Fascial
closure rares of 91'% for defects of 472 cm? with 50% educrion
in wound morbidicy where obrained in a recent soudy (17).

Closure of the posterior recrus fascia and the large pre-
peritoneal compartment avoids the we of expensive meshes
and minimizes mesh-bowel inreracrion. Bi-laminar closure of
the abdominal wall prevents mesh migration and protection
against the infection. working ourside the recrus sheath the
procedure avoids disruption of the rewsovascular bundless thar
supply the anteso-medial abdominal wall.

Unmecessary extensive skin flaps and preservarion of a
significant portion of the abdominal wall blood supply
impeoves healing and decrease wound morbidicy (100,

A wide range of parients benetits from the advantage of the
procedure (815}

1. any padent with lasge abdominal wall incisional or
venrral hernia (defecrs lasger than 10 cm in width, loss
of domain;

1. large subwiphoid, pamiliac, and suprapubic hernias,
subcostal bisubcostal hernias;

3. recusrent incisional hernias after intra-abdominal mesh
plascy;

4. pecusrences after anreriof COMPONREnT separanion;

5. parastomal hernias with or withowr medial incisicnal

hernias;

6. incisional hernias after open abdomen with cr withour
planmed venrral hernia.

Difficulries could be encountered for recusrent hemnia after

Rives-Stoppa repair or after primary or secondary pre-
peritoneal fibrosis due to extensive necrorising pancreariris.

Conclusions

TAR is superior to Rives-Stoppa repair and seems 1o be the
best option for a wide spectrum of complex primary and
incisional hemias with low morbidicy and good long-term
results. Good anatomy knowledge and surgical skills are
necessary for valid ourconses.
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Tips and Tricks for a Sound Rives - Stoppa Repair
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Abstract

Background: Incisional and ventral hernia repair is a frequent and :hﬂﬂ.eng].ng bnpoc Rec,unm'lrm'eudlmq_uu are numerous but most of them are unable to
achieve the goals of hernioplasty. Rives. Stoppa repadr is the gold dard for ihd | wall hermias. Our goal i to describe the “sep-hy-step” procedure
fior midline incisianal hernia repair.

Method: The posterior rectus sheath is incised and the retronectus plane is developed. For a safe repair the technique, tips and tricks for developing this space
are thorough. Mesh is placed in a sublay fashion shove the posterior layer. In an averwhelming majority of patients, the Linsa Alba is reconstructed, oreating a
functianal abdominal wall with wide mesh reinforcement.

Results: Since 1998, when the procedure was implemented in our Departmendt, 1598 midline incisional hernda patients were operated according to this technigue.
Mean age was 58.9 years (24-7%) with midline defects ranging from 3 cm to 12 cm (mean size 79 om). Major preoperative morhidity present in 17.8% patients.
In 178 patients, the amterior fascia cannot be desed, the procedure ending as a retro-rechus bridged repair. Wound complications Surgical Site Events (35E)
encountered in 255 patients {1595%). Follow-uap for 1 to 21 years (mean 8.7 years) with a recurrence rate of 7.8%.

Cenclusion: Rives-Stoppa repair is the procedure of choice for all midline incisicnal bernia being primary or recurrent if the defect is smaller than & cm with
favomable immediate and long-term ouicomes, regardless of age.

“A surgeon can do mare for the commmunity by operating on hernda cases and seeing that his recurmence is low than he mn by operating on cases of malignant

disease”™ Sir Cecil Wakeley 1948,

Keywords: Surgical site events; Abd I wall

ction; Incisional b

Background

The weak abdomen of the human biped has been provided by
laparotomy with regrettable iatrogenic ‘opportunities” for herniation
of 3 complex kind [1]. Indeed, 15%-20% (sometimes more in high-
rigk group patients} of all laparetomies are complicated by Incisional
Hernias (1H). I.mn.tl'r.m'rlins it infe the most frrquuu! readon lor
renperation [2,3].

‘The field of Abdominal Wall Reconstruction (AWR) has seen
dgnificant advances in the past decades especially due o the
understanding of core anatomy and functionality. The revival of the
concept of recreating a functicml, dynamic, and anatomically sound
Abdominal Wall {AW) I:r!.- reconstruction of the linea alba led 1o the
emergence amd promotion of several innovative technigques invalving
separation of components [4].

The foundation of AWR can be linked by the seminal work
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of French surgeons Jean Rives and Renee Stoppa In 1965, Swoppa
Jewlopﬂl the 'Pu'uperilunﬂﬂ ipace b Fhl:! a laJ]F sheen u.l'pﬂl}lui‘l.ﬂ'
mesh (Mersilene) for the repair of complex and multiply recurrent
groan hermias (Giant Preperitoneal Prosthetic Repair) [5]. The forces
that act to form hernias became now the factors to protect against
recurrence [3]. A year later, Rives revolutionized the technigue of
repairing IH by placing the same polyester mesh between the Rectus
Musche (KM} (anterior) and posterior rectus sheath (posterior). This
recanstructive surgeons brought forth to the concepl ol postersor
component separation o assure complete medialization of the lisea
alba. Retromuscular Rim-smppn Tepair I'I.:IJFJI'HI :i.s,uiEl:a.nl resulis
in the recent surgical era so it was declared “gold standard” for midline
IH repair. The 51.1::] of this paper is Lo present step b-:r slep operative
technical details of the procedure and 1o promote it for all surgeons.
Methods

Step by step procedure for midline [H [6-9).

Preoperative preparation

When planning an AWHR the most impoertant first step is 1o
clarify puliunl'.i' expecialions for a successful outcome. Detailed
patients” history, previous operative notes, and physical findings
are the foundation of the surgical repair. Assess rigk stratification
in  collaboration  with the anesthesiologist, cardiologist, and
preumelogist. Assess and correct nutritional status, especially obesity.
A Eud:r]-'l:ﬂ Index under Hi*ﬁnzhnénb&ufrmn:dudﬂrﬂ
surgery. Deep vein thrombosis and antibiotic prophylaxis according
1o bocal 'Fu'u'lﬂ-ml'k. Abdominal CT scan is |:|'n|:|d:|l|:|r3.I for d.l.-fmi.|1.3
hernia characteristics and for assessing nature of the contents, volume
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ol the contents of the EHT the PEDDE'I'I.IEE al the contents in the sac,
and the size of the defect. Always measure the width of both rectus
sheath; il the ratio between width of the defect and the sum of the
rectus sheaths i besser than 2, surely a Kives - Stoppa repair can be
Per.l-umw] {Carbonell -m.l'l.ntiun}.

Incision

Commaonly the procedure beging with a midline laparotomy
according 1o hernia location. Old scars and skin uleerations are
removed al this time or at the emd of the operation. The umbilicus, if
necessary, is removed Lo minimize posloperative morbidity (always
inform the patient about the possibility and note in the informed
congent). The Pzrilunz:ﬂ I:ﬂ'l'i!:f i enlered ﬂ\mus]'i the middle of the
s the sac is dissected from the subcutaneous adhesons until the
medial shifi of the RM is reached. Preserve the sac until the posterior
recius fascia is closed.

Adhesiolysis

Is a eritical step, as the Abdominal Wall (AW} will be limited in
its rovbility if it rermains fixated 1o the viscera? Completely free all the
bowel/omentum adhesions from the undersurface of the AW taking
care to preserve the integrity of the peritonsum and of the posterior
reciuis shua!h..ﬁ.'lpriu.r ::rnﬂ'betif material, Ll'a.ny. 5 removed 1o allow
better integration of the new mesh. [n addition, it reduces the risk of
wroma formation and infections. At the emd, prodect the F-El'i'll.lﬂ.ﬂl.
comtent with a large wet soft towel.

Creation of the retro-rectus space: beging with the identification af
the medial edge of the rectus muscle. ldentify visual and by palpation
this land mark; if the sdentification fails, incigdon of the 'puuluriur reclhis
sheath it is placed improperly, into the hernia sac and the dissection
will advanee into the subcutaneous Pla.rle [l'_IH'I.I.I'E 1.

When |:|.1.|1\e:|!|.'|.' identified, a horizontal inciion # made on the
posterior aspect of the sheath, 0.5 em - 1 em apart of its medial edge
[Flﬁ,uru 2N

“The plane is correctly approached if the Bbers of the rectus muscle
are easy visualized. The incision is carried :lun.E the posterion sheath
that is open as far 1o exceed 5 cm w 7 cm the upper and lower limit of
the defect. It is not wrong i a.ppnnd\ the retro-rectus space Flﬂl:i.l'lﬂ
the incision on the anterior aspect of the rectus sheath, especially
when difficulties for identification and  dissection are expected
(Figure ). Some surgeons di it deliberately on one size in onder
tes preserve a large peritoneal flap (which usually, in this situation,
resicles attached on the posterior sheath) for an eagier lensionless
closure of the posterier fascia. Doing such that we can loss | cm 1o

2 e of the anterior faseia, which can be paramount for the anterior
fascia chosure. Once the edge of the posterior rectus sheath i freed
from the recius muscle, constant tension is need to d.ﬂuh.np the
retro-rectus space. Dissection is facilitated by placing two hemostatic
era.m'Pgm otk anterior and Fuslﬂ'iu.r sheaths; rii\-zrﬁinﬂ this upmni
and medially a constant tension is crested to develop the retro-rectus
space. A combimation between bMunt (with a mounted swab) and
sharp or electric dissection should be wied 1w advance laterally until
thee Spiegel line is approached. The perforating neurovascular bundles
define the boundary, which looks like the “comb teeth” (Figure 3).
Proceed smilarly on the contralateral side.

When both sheaths are opened and the retro-rectus space is
created, :zp"m]ad. and candal extensions are ﬂndupi.n.ﬁ a::urd.inE 151
the location of the defect. Should the hermia defect extend into the
upprer abdomen, the surgeon may need to develop the dissection up 1o
thee costal margin and behind the xiphoid process 1o the retro-sternal
space.

1. For midline bernias with cephalad extension, at least 6 cm
below the xiphoid a plane needs to be established 1o connect
bilateral retro-recius spaces across the midline. Linea alba is
maintained in conlimuity, ventral o the mesh for a least 5
cm by dividing the insertion of each posterior sheath into the
linea alba in the cranial direction about 0.5 com lateral o it

2. For upper abdominal defects, first divide linea alba 1o the
:ip]\uid. process. Then incise the posterior insertion of the
posterior reclus sheath into the xiphoid; the fatty triangle
obdained like that assures extension to the substernal phnu.

3. For inferior defects, the transition into the pelvis involves
the division of the medial attachments of the arcuate line.
Following that the pre-peritoneal plane is developed. The
inferior EPLEa.'H.ric vesiels, runn‘inﬁ II.I'JI'I.E the Puﬂzriur surface
of the rectus muscles need to be identified and preserved.
Caudally the dissection extends 2 em to 3 em bellow the F'uhi:
symgphysis amd Cooper's ligaments.

Closure of the posterior fascia

The leafs of the posterior rectus sheaths are re-approximated in
the midline for an estimation of tension - closwre. If the faps are
unable to be connected, use the Pnilun:u] ﬂ:'pu I'EE'I.I]Ii.I'Iﬁ Trom the
sac dissection or the great omentum o patch the resulting hole. A
'pimf'z all 1!1:!.'!." absarbable mesh, il available, could be an excellent
option. When the re-approximation is possible without tension a
rl.I.I'LI'IiI1.$_ suiture with a I-D:luwl}' absarbable stitch l:Pu]:rd.iu.l:mm:l s

Figurn 1: A} If the: rectus musche is not comectly identified, the incision of She rechus. sheath will be inadequately placed and fhe dissection will advance in a weong
plans {usually in the subortanecus bssue) {arow); B) the comect bi-manually maneuver for reclus complex demificabion
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Figure 2: A} Inosion of the rectus sheath on its postencr aspect about 1.5
cm apart from midline; B) incision of the rectus sheath on s amterior aspect:
C) After carect identification of he muscular fibers of the rectus muscie the
mnasion of he rectus sheath is camed along the entire dedect cranially and
caudally (dotted yellow line).

of choice. In our experience, using polypropylene is disadvantageous
due to the intense adhesions between bowels and stitches (Figure 4).

This is a crucial step of the procedure because sheaths breakdown
exposes o intra-parietal hernia, a challenging complication, difficult
to diagnose and to manage. Therefore, the posterior sheath has to be
close, has to be close well, and has to be close safely.

Mesh insertion and fixation

The retro-rectus space i variable between patients and it must be
measured in its length, and width and the mesh trimmed to adequate
size. Usually, s medium or light - weight monofilament large pores
polypropylene mesh is the best choice (40 g/m’-60 g/m’). There is
no real consensus regarding if, where, and how to fix the mesh in
this retro-rectus plane. We usually suture the mesh to both Cooper’s
ligaments and to the symphysis with a number 1 dowly absorbable
sutures if the mesh is advanced in the pre-vesical space. Cranially, two
stiches fixe the mesh around the xiphoid covering, the epigastric area,
and retro-sternal space. Laterally, two trans-fascial sutures passed
with a Reverdin needle are inserted on both sides. At the end, the

mesh should be flat, with some kind of tension, in order to increase
mesh - tissue area interface.

‘The mesh could be fixed with permanent sutures to the posterior
rectus sheath but the technique is blind and expose to an increased
risk of inadvertent bowel injury. Another option is to fix the mesh
with cyancacrylates {Hystoacril ™). It is quick and safe but its efficiency
it is not proved yet by prospective studies. Fixation will remain a
personal choice. Two suction drains are placed on the mesh surface or
in Retzius space (Figure 5).

Anterior fascial closure
With a size 0 or 1 running slowly absorbable suture. A
sube drain is optiomal; otherwise, the subcutaneous tissue

is closed interrupted absorbable sutures. Skin is closed according
to preferences. An abdominal binder is recommended in the first
postoperative days in order to reduce seroma formation. After that is
patient’s choice.

Results

We implement the procedure in our Departmentinl998, and
since then to 2019, 1598 midline incisional hernia p
operated according to this technique. Mean age was 58.9 years (24-
79) with midline defects ranging from 3 cm to 12 ¢m (mean size 7.9
cm). Major preoperative morbidity present in 17.8% patients. In 178
patients operated until 2014 November, the anterior fascia cannot
be closed, the procedure ending as a retro-rectus bridged repair.
Wound complications Surgical Site Events (SSE) encountered in 255
patients (15.95%). Follow-up for 1 to 21 years (mean 8.7 years) with a
recurrence rate of 7.8%.

S were

Figure 3: A) The retrorectus space developed; this wicth cam be measured preoperatively on the native CT scan (8-Yellow ine) and ntracperatively (A-yeliow line).

The red arrow marks e |ateral ofther

space defined by $he
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Figure §: Mesh fuation with trans-fascial subures.

Discussion

The benefit of the retro-rectus repair of abdominal wall defects
has been well documented over the years by many authors after Rives
and Stoppa published their researches. This technique provides many
advantages in the reconstruction of complex defects [6]:

1. The retro-rectus space is an easily dissected potential space
in almost all instances; in our experience the space cannot be
attend only twice.

2. It is a well-vascularized compartment with a more efficient
collagen deposition and mesh integration

3. In a recent systematic review and network meta-analysis
sub-lay was associated with lower risk of recurrences and SS1
compared to on-lay, inlay and underkay. Sub-lay was ranked
the best mesh placement option with a high probability of
being the best treatment (94.2% probability of having the
lowest odds of recurrence and 77.3% probability of having the
lowest odds for SS1) [10].

4. Fulfils in most instances the goals of modern hernia repair:
the restoration of a functional abdominal wall by recreating
the linea alba reinforced with a large prosthetic mesh overlap
and with minimal early and kate wound morbidity.

Frequent impossibility of closing the anterior fascia in large
defects, narrow atrophied retrorectus space with limited mesh
overlap, and obliterated retromuscular space usually by meshes with

fibrosis are the main limitations of the procedure.
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Abstract

Closing the midline in patients with incisional hernias is the comerstone for a functional reconstruction with low morbidity,
low recurrence rates, and good cosmetic results, which is the ideal outcome for every hernia surgeon. However, in paticnts
with large hernias (usually over 10 em width) or in loss of domain cases, this goal is difficult to achieve. Anterior component
separation with or without mesh reinforcement has been the procedure of choice for these patients despite its high rate of
wound complications. The goal of our study is to evaluate the opportunity and necessity of the anterior component separa-
tion in paticnts with complex incisional or ventral hemias (defects larger than 10 em, infected meshes). Data of patients with
large incisionalfventral hemia operated using anterior component separation technigue in the past 10 years were re-visited
and analyzed from hospital records between January 2012 and December 20020, Demographic data (age, gender, body mass
index, ASA score) and the main steps of the technique were recorded. Data were reporied as mean and standard deviation.
We used the anterior component separation in 66 cases, mainly for septic conditions {open abdomen, chronic and extended
infections of the abdominal wall, chronic-infected meshes). For large parictal defects with aseptic local condition, we used
mesh-reinforced anterior component separation {five patients). Mean age was 68.7 years. Among them, 29 patients developed
wound complications (hematoma, seroma, infection). Mean hospital stay was 12.6 days. Recurrence was 18% in patients
without mesh and zero in patients with mesh reinforcement after & minimuom one-year follow-up. Anterior component sepa-
ration is still a walid procedure in patients with large abdominal defects especially when a septic wound is to be closed. For
large parietal defects. if a wide subcutaneocus dissection is required, mesh-reinforced anterior component separation remains
a valid alternative in abdominal wall reconstruction in certain cases (mainly aseptic conditions).

Keywords Anterior component separation - Large ventral hernia - Abdominal wall reconstruction - Case series

Intreduction the resulting scar tissue is weaker, leading to hernia forma-

tion in specific circumstances. In recent years, the concept

The incidence of hernias following laparotomy ranges
between % and 50% in high-risk population patients. There
also is an increased number of complex incisional her-
nias (IH) most of them featuring large defects (usually
over 10 em width) or loss of domain, which can lead to
a profound alteration of the anatomy and function of the
aghdominal wall [1]. Once the linea alba has been broken,

| Daru Moga
mirgadorn € yahoo.com

! Department of Surgery, Military Hospital Sibia and Lucian
Blaga University Sibiw Sibiu. Romania
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of abdominal wall reconstruction has been a hot topic in the
field of hemia surgery. The goal of this reconstruction is a
mesh-reinforced primary fascial closure, with reconstrsction
of the midline {linca alba} under minimal tension, resulting
in minimal complications. Thus, the procedure provides the
paticnt with both a sound and cosmetic result.

Sometimes, due to excessive tension or severe postop-
erative complications generated by the forced repair (intra-
abdominal hypertension, abdominal compartment syndrome,
or respiratory failure), large defecis or loss of domain her-
nias cannot be closed without disconnecting some of the
components of the lateral abdominal wall. These technigues
take advantage of the layered anatomy of the abdominal
wall, and, based on which layers are released. they can be
categorized s anterior of pOSLErior CoOMpPONEnt scparation.

£} springer
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We set out to analyze whether mesh-reinforced anterior
component separation (MACE) should remain in the thera-
peutic arsenal and to exemplify instances in our cases when
this procedure may be recommended.

Patients and Methods

Patients We reviewed all the files of the patients with com-
plex incisional hernias (defects larger than 10 cm width,
infected abdominal wall meshes, open septic abdomen,
extended infections of the abdominal wall) and ACS with
and without mesh reinforcement admitted in both depart-
ments of surgery during January 2012 and December 2020
after institutional board approval. Demographic varables
including patient’s age and gender were collected. Medi-
cal co-morbidities such as body mass index (BMI), chronic
obstructive pulmonary disease (COPD), diabetes, smoking
and alcohol habits, and ASA score were also reported. All
admitted patients were investigated with standard abdominal
ultrasound and native or comrast-enhanced abdomino-pelvic
CT scan for size and location of the defect, muscular sta-
tus, presence or absence of mesh, and infected mesh. The
authors, both senlor surgeons experienced in open and lapa-
roscopic abdominal wall reconstruction, performed all the
procedures.

Surgical Technique Patients were admitted to hospital the
night before surgery and received an osmotic bowel prepara-
tion and the prophylaxis of deep vein thrombosis with low
malecular weight heparins according to the anesthesiologist
preference. The exact size and position of the defect rela-
tive to the anatomic midline and level of the umbilicus were
noted. The surgeon also had to carefully analyze the quality,
pesition, vascularity. and mobility of the skin and muscle
structures on both sides of the defect. The procedure began
by elevating the skin flaps of the underlying abdominal mus-
culature in a lateral direction towards the anterior axillary
line. MNext, the linea semilunaris was noted, along with the
insertion of the external oblique aponcurosis (EQA). A ver-
tically oriented incision located 2 cm laterally to Spigelian
line and in the costal part of the external oblique aponeu-
rovsis, of 1 cm length, was made to identfy and expand the
plane beneath the ECA but superficial o the internal oblique
fascia [2].

Omne must be careful not to dissect too deep into this layer
to avoid injuring the internal obligue fascia or muscle. A
deep dissection here may damage the segmental innerva-
tion of the rectus abdominis muscle or injure the Spigelian
fascia, thus predisposing the patient to a Spigelian hernia.
Generally, the planes are quite distinet. Once the plane is
identified. the incision of the external obligue aponeurosis
is extended cranially and candally in its entire length. The

£ springer

dissection proceeds in this relatively avascular intermuscu-
lar plane and is continued in a lateral direction beyond the
area of skin undermining to at least the level of the midax-
illary line. At this point. the mobility of the innervated
rectus abdominis-internal oblique abdominis-transversus
abdominis muscle complex is determined.

It additional mobility of these structures on either side of
the midline is desired, then the dissection in the intermuscu-
lar plane can be continued to the posterior axillary line [3].
I our experience, cach ipsilateral complex can be advanced
towards the midline by 4 cm in the upper abdomen, 8 cm
at the waist, and 3 cm in the lower abdomen. In the rare
instances in which additional advancement is needed, the
rectus muscle can be elevated off of the posterior rectus
sheath in its entirety. Two centimeters of additional advance-
ment can be obtained at each level by using this maneuver,
and a mesh can reinforce the reconstruction, much like in a
Rives-Stoppa repair [3]. The muscles are joined together in
the midline with an interrupted or continuous closure using
a strong non-absorbable suture (our preference is I polypro-
pylene) {Fig. 1).

The skin flaps are then also advanced to the midline and
approximated in a layered closure. Four suction drains are
used routinely, and these are positioned in the plane between
the obligue muscles and beneath the skin Haps on each side
of the midline. They are brought out through separate stab
incisions in the pubic area, lateral abdomen, or both. They
are maintained until the drainage decreases to less than 30 cc
per 24 h, which is usually at an average of 7 days.

When the peritoneal sac develops much further towards
the lateral, for its release, the subcutaneous dissection
reaches the vicinity of the linea semilunaris, or even exceeds
it (Fig. 2, 3).

As an exception, if the length of the parictal defect is
limited {supraumbilical, mesogasiric, infraumbilical), the
incision may be reduced. if it largely exceeds the defect [4].

lgnea dlba

T'he-medialeut edges of EOF

Fig.1 Bilateral full anlerior component separation

54



Indian Journal of Surgery

The edges of the hernia sac

Fig.3 Pertoneal sac developed mamly to the left side

If recreating the linca alba is possible after the unilateral
practice of the EOA incision, contralateral anterior com-
ponent release is not necessary (Fig. 4) [5]. The prosthesis
is fixed in the onlay position and must cover the area of the
component separation. To do this, the prosthesis is attached
to the lateral edge of the EOA (Fig. 5).

Results

During the reference interval, the ACS procedure was used
in 66 consecutive patients (41 men) with a mean age of
68.7 + 8.5 years. All patients presented unigue or associ-
ated comorbidities: obesity with a BMI over 32 kg/m” was
reported in 58 patients, diabetes in 38 patients, and COPD
in 18 patients. Our indications included:

Fig.4 Unilateral imited incision of external oblique fascia (on the
right side)

i3
Ve ;

e medial cut ed%e

sy

-

ateral cut ec

o
P

=

Fig.5 Unilateral mited incision of external oblique fascia (on the
left side ~ mesh in place)

1. recurrent incisional hernias with chronic infected mesh
removal after incisional hernia repair in 28 patients.
The onset of mesh infection was over 3 months after
primary repair (mean time-lapse 19.8 months, range
3 months-25 years):
open septic abdomen treated with negative-pressure
wound therapy in 8 patients, open septic abdomen
treated with Bogota bag in 10 patients. The main causes
for open abdomen were anastomotic fistulas after colo-
rectal surgery in 9 patients, after gastro-intestinal sur-
gery in 3 patients, advanced primary peritonitis in 4
paticnts, and necrotic pancreatitis in the rest;
3. abdominal primary or secondary tumor resection in 2
patients: and
4. abdominal wall resection for multiple septic granulomas
in 13 patients.
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Of these, 29 patients (4T%) presented postoperative
complications. They were represented by skin necrosis in
13 paticnts, hematoma in 135 patients, and a burst abdo-
men in | patient. The mean hospital stay was 16.7 days
(9-56 days); all wounds healed between 48 and 72 days
(374 days). Recurrence was rocorded in 18 patients (29%),
all within the first year after the procedure. Of them, seven
recurrences were noted in patients with postoperative henma-
toma, | after the burst abdomen, and the rest of them in
patients without postoperative complications but with asso-
ciated co-morbidities (5 in patients with BMI larger than
30 kg/m®, 3 in diabetic paticnts, and 2 in COPD paticnts).
All recurrences were clinically and CT scan documented.
All recurrent defects were located in the midline and were
probably a healing or technical defect. There was no defiect
recorded lateral to Spiegel line. Only two of this patients
were re-operated: defects smaller than & cm were primary
closed and the suture was reinforced with a large sheet of
light monofilament polypropylene 30 % 30 cm secured with
cyanoacrylate blue.

5. large incisional hernias with clean condition. We used
MACS in five patient cases in which an extended subcu-
taneous supra-aponcurotic space was developed afier sac
dissection. In three patients, we practiced bilateral com-
plete anterior component separation, and for the other 2
cascs, unilateral limited antenior component separation.
Patients were discharged after an average of 12.6 days
(between 7 and 16 days). There were 2 patients with
wound complications. represented by seroma, wound
limited breakdown, and consecutive superficial infec-
tion. Wound healing wis obtained after 538 and 94 days,
respectively. Recurrence was scen in none of the five
patients during postoperative follow-up sessions after
at least one year.

Discussion

The closure of the abdominal wall defects using anterior
components separation (ACS) was first reported by Albanese
in the 50 =, but Ramirez et al. re-described and popularized it
in 1990 [, 7]. This technigue is unique in that the functional
transfer of the abdominal musculature provides stable and
dynamic support to the abdominal wall, without the need for
musculofascial flaps.

For 3 decades. ACS was the corner stone of abdominal
wall reconstruction in paticnts with large incisional hernias.
Mesh reinforcement. as on lay or underlay, was an impor-
tant adjunct for improving outcomes due to its low recur-
rence rate. Many surgeons were reluctant to use it due to
the logical sequelas of large myofascial and subcutaneous
flap elevation. Some commaon complications are possible

&) Springer

and these include seroma, hematoma, infection, skin edge
necrosis, wound breakdown, and hemia recurrence |3, 8],

Although it has entered clinical use only in a few surgical
services, in complex ventral hernia repairs, subcutaneous
perfusion mapping with indocyanine green angiography in
infrared light offers high sensitivity and facilitates the iden-
tification of 1schemic tissues, thereby reducing the incidence
of delayed wound healing and the risk of surgical site infec-
tion. This technique has the potential to reduce costs and
improve patients” quality of life by reducing the likelihood
of wound complications and reoperation [9].

The complications resulting from ACS can be reduced
using minimally invasive ACS, such as perforator sparing of
endoscopic techniques [ 10, 11]. However. it should be noted
that. in these procedures, the prosthesis will be placed in the
sublay or underlay position, which increases the duration,
complexity, and costs of the operation. Furthermaore, in these
technical variants, the prosthesis will not protect the weak
area resulting from the EQA incision, increasing the nisk of
a lateral bulge or lateral abdominal wall hernia.

With regard to posterior component separation (PCS)
and PCS-TAR, we believe it offers superior results to those
otherwise obtained using MACS [5]. Most recent innova-
tions have been achieved through the use of the minimalby
invasive approaches of endoscopic TAR (eTEF TAR) and
robot-assisted TAR (rTAR) [8].

The information found in the literature related to inci-
sional hernia is often contradictory. On the one hand, the
onlay procedure retains its purpose and role [12, 13]: on
the other hand, it is stated that MACS should be no longer
performed because it has a high complication rate [ 14, 15].
Mareover. there are suthors who view MACS and PCS-TAR
as having comparable outcomes in complex abdominal wall
reconstruction of midline ventral incisional hermias [10, 16].

T date, no comparative clinical or anirmal studies on the
efficacy of various component technigues have been pub-
lished. This is not surprising given that most surgeons prefer
one technique over the other and the likelihood of & well-
designed prospective randomized trial remains low [17. 18]

A challenging issue, for both patient and surgeon, is the
recurrence after ACS without mesh because abdominal wall
reconstruction is difficult to perform even for patients with
small defects. Posterior component separation via TAR
heing it open or endoscopic is prohibitive in the first six
months because of the important abdominal wall destabaliza-
tion. After this period, the procedure can be considered with
an in-lay mesh reinforcement but remains reserved only for
specialized centers or dedicated surgeons with abdominal
wall surgery expertize. On-lay mesh reinforcement could
be a valid option in patients with small defects but the re-
recurrence rate is not yet estimated.

For large midline hernia defects, if the release of the
hernia sac requires extensive subcutaneous dissection, we
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consider the incision of the EQA to be a useful and accept-
able option to close the midline. The morbidity of the opera-
tion does not derive from the EOQA incision. but from the
subcutaneous dissection, which has already been completed.
If the dissection performed can allow for the installation of
a sufficiently large mesh to reinforce the abdominal wall, we
can proceed to practice MACS. In such situations, PSC-TAR
or ather technical procedures can be utilized to close the
linea alba. although the morbidity following wide subcutane-
ous dissection will be added to that of wide retromuscular
diszection.

MACS is not a complicated procedure compared to other
component separations. For surgeons who frequently use
onlay mesh placement, with the addition of EOA release, the
proportion of cases in which it will be possible to close the
medial defect will be higher than after the use of the classic
relaxation incizsions made in the anterior sheath of the rectus
ahdominis muscle.

We strongly believe that any hernia surgeon should be
well versed in several technigues so they can offer the best
technical option to patients with large incisional hernias.

Conclusion

Anterior component separation is still a valid option for
reconstruction of the septic abdominal wall despite its high
rate of wound complications. If a wide subcutancous dis-
section is required, MACS remains a valid alternative in
ahdominal wall reconstruction in certain cases, but it is an
exception due to the benefits of newly introduced posterior
component separation via TAR.
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Rezumar

Rezultate tardive si calitatea vietii dupd tratamentul
protetic al herniilor incizionale prin tehnica Rives-Stoppa:
studiu clinic prospectiv

Introducere: utilizarea protezelor in tratamentul hemiei
incizionale (HI) a redus drastic rata de recidiva dar a ridicar
numarul si incidenta complicagiilor asociate. Studiul
raporteazh rezultatele unei seril consecurive de pacienti cu
HI operati prin protezare retromusculars st are drepr obiectiv
evaluarea complicaritlor precoce i tardive asociate tehnicii.
Material §i metodd: au fost evaluati 275 pacienti operari intre
2002 s 2006. In 2007 i 2009 au fost reevaluari prin
examen direct §i chestionar.

Rezultare: 171 pacientl au raspuns in 2007 si 148 in 2009.
Au fost examinagi direct 143, respectiv 118 pacienti. Rara de
recidiva 6,7%. Rara de confort — buni si foarre buna la 58%
Concluzii: rezultate comparabile cu cele din literarura.

Cuvinte cheie: protezare retcromusculard, complicarii post-
operatorii, calitatea vietii
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Abstract

Background: the prosthetic repair of incisional hernias
drastically reduced rhe incidence of recurrence, but increased
the associated morbidity. We report a consecutive series of
patients with incistonal hemnias operated by Rives — Stoppa
procedure. The aim is 1o identify the early and late complica-
tions associated with the procedure.

Material and methods: 275 patients admitted and operated on
between 2002-2006 were prospectively evaluated by direct
examination and questionnaire.

Resudts: 171 responded in 2007 and 148 in 2009; direct
examination was obtained 143 and 118 partients respectively
Recurrence rate 6.7%. Good and very good comfore rates in
58%. Conclusions: similar results with the expert centre

Key words: recromuscular prosthesis, postoperative complica-
tions, quality of life

Background

Incisional hernia still remains an important complication of
laparotomies with an estimated incidence between 10% and
15% of cases (1-4). Reporred results of surgical treatment are
also vartable, with high recurrence rates for non-prostheric
repairs (1,5-9). The use of prosthertic marerials has improved
these results steadily bur surely The placement of the
prosthesis is still a marter of debate. In some circumstances
it is associated with a high incidence of complications
(infections, seromas, intestinal fistulas) (10-14). In the last
few years the Rives-Stoppa procedure is associated with the
gold standard therapy for incisional hernias (14,15). This
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study reports the results of a prospective consecutive series
of incisional hemias operated by Rives — Stoppa procedure.
The primary endpoint was recurrence rate analysis and
evaluation of complications rates, and rthe secondary one -
patient assessment of quality of life long term after surgery

Material and Methods

Berween January 2002 - December 2006, in the General
Surgery Deparment of The Emergency Military Hospiral
Clup-Napoca 302 patients were admirred with primary and
recurrent incisional hernias with a relatively constant yearly
distriburion (Fig. 1).

Surgical technigue

After dissection of the peritoneal sac, the rectus abdominis
sheath was incised along the defect and the recromuscular space
was opened. The abdominal wall defecr was evaluated in
centimeress in its largest diamerer. The posterior rectus sheath
and the remaining peritoneum wete sutured with Prolene 1™
running suture. Folypropylene prosthesis was firted in oeder o
exceed the edges of the defect ar least 5 cm in all directions. If
the defecr was wo large and the seandard prosthesis was not
enough, it was customed for the appropriate size. The mesh was
fixed with transparietal separate nonabsorbable Prolene 1™
stiches all around the defect. The antertor rectus sheath was
surured with Prolene 1™ in a continuous manner. In most cases
the relaxing incisions in the sheath where mandarory for
closing it without tension. If the suture could not be performed
without tension, the edges of the anterior rectus sheath were
set in a conrinuous manner 1o the prosthesis with a Prolene 1™
thread (Fig. 2-4). As a routine practice we do not perform
adjacent gastrointestinal concurrent operations.

Quality of life assessment

The questionnaire was created according o a personal
design according 1o the paramerters presented in Table [.

am 200 2004 2008 =08

Figure I. Amnual distibution of cases operated

Figure 2. The rectus abdomini muscle sheath open. Muscle mass

is obwerved with the anterior sheath

Figure 3. Closure of the posterior sheath and peritonewn with o
continuons thread. Note the large surface area, future

sile of the mesh placement

Figure 4.

Transreclus mesh fivation
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Table 1. Qualitative and guantiative guestionmnaire assessmen! Table 2. Bemographic characteristics of patienss in the study
of guality of life after incixiomal hernia cure grong

L. How do vou feel after your hernla cure! MNumber of parients oz
L Woese than before =1 Male: female mvic 9EI04
i- 3:1 . Ii' Age {pears) imedium and limics) 5E.75 (11.78)
©own 2 EMI ) (medm and limicd) 335,02 - 41) :
3. Very well <3 ASA wcore il 4
. Excellent - 4 Exclusian crireria BMI = 40 - 1T parients

2. Do wou hawe any of the presope mtion sympooms!? ASA 2 3 =T pavlents
1. - .0 sever COPD = 3 patiencs
2. m -1 BMI = Body Mass Indes; ASA - American Socikery af Anesthesia
1. which ane? Score; OOFD = Chonic Otarmucrive Pulmonany Disease

3. Have vou developed any symproms or any complications
that you had not had before surgery!?
yes = 0
no o= 1
which of the fallowing - 0
+ choomic pain
- mesh migrackomn
= chimnic sinuses {nfecricn)
=« limiring ahdominal wall movemens

L when did it appear [months from sugery!
1 did you fre?
yes = 0
no =1
4. Did vour physical activity Emprove after surgery!
L. yes = |
1 no = [

3. Are vou satisfled with vour surgery?

L. yes = |
F3 mo = 0
3. why!
6. Would you recommend the surgery 1o one of your friends?
L. yes = |
F no =0
3. why !

The results of the questionnaire were labelled according
o the following scale:

Excellent -9 to 10 points
Very good - 6 1o 8 points
Good - 5w & points
Poor - 3 and 4 poines
Very poor - under 3 poinrs

Only the resulrs of direcr examinarion were recorded.

Results

Demographic dara are derailed in Table 2.

175 patients renxained in the study (89 male and 186
fermale) with the following dismibution of hemnias: verrical
miedian - 202 (73.45%) (54 supmombilical, 30 umbilical, 84
subombilical and 34 woyfo-umbilicald, superior quadeant - 26
(9.45%). the righr inferice quadrant - 34 (12.36%), lumbar - 9
(3.27%), Plannenstiel - 4 (1.41%) (Fig. 5). The sizes of the
abdominal wall defect were over 15 cm in B3 parients (29.67%),
berween 10 and 15 cm in 168 parients (61.55%), berween 5 and
10 cm in 18 pacients (6.59%) and less than 5 cm in 6 patients
(2.19%). Recurrence rank is shown in Fig 6.

W verncale
otosaiiaca
= ransversale

W subcosiae
O lomzare

Figure 5. Distribution of parietal defects deperding on location

T3 4412

&

Eprmomn B lx D2z 03 Bdx 85 0«

Fignre 6. Distribation of parients in refation to recurrence rank

In 5 cases we performed limited enterecromies because of
sall intestine accidenral injuries.

Mo postoperative mortality was recorded. There have
been no major systemic complications {cardiac, pulmonary,
neurclogic or thromboembolic). Local complicarions repre-
sented the majority and are listed in Table 3.

In 2007 the questionnaires were sent 1o 237 patients who
had wndergone susgery ar least 18 months previous to that
date. Responses came fiom 171 parients with postoperative
follow-up ar 18 o 72 months (average 37.8 = 2). 143 patients
were directly examined by the senior operating surgeon and
revealed the following complications: recurrence - 6 (4.19%),
local abdominal pain related o movement - 18 cases (12.58%),
chronic cutaneous fistula - 8 (5.59%) (Fig. . It is o be
mentioned thar I of the recurrences and 3 choonic fistulas
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Table 3. Imumediate postoperative complications

Wound hemaroma requiring redniervenion 18 [6.55%)
Wound zeroomnas 26 [9.52%)
Superficial infecrions

(1 pantenes with small bowel resection) 14 (3.12%)
Deep infections with mesh mvolvement

{1 pamienr wich small bowel resecrion) 4 (1.46%)

were associated with intesrinal resecrion and local postopera-
rive infecrion (Table 3).

Im 2009, 260 questionnaires were again sent. These were
filled in by 148 parients who were examined disectly and 118
(less than halfy with a postoperarive follow-up of 49 months.
There were two recurrences still raising the overall rate of
relapse ar 6. 7T%. Dara on qualicy of life are presenred in Table 4.

Due oo the complexity of the registered wall defects bur alsa
because of high risk facros present in patients referred for
susgery, mearment of incisional herndas is challenging both for
the susgeon and the patient. Maost of the parients are ohese
and have mulriple other comorbidiries such as diabetes and
obstrucrive chronic pulmonary disease. Additionally, many of
them present with a history of multiple lapasotomies leading
o the formartion of stong adhesive syndromes or securrent
hernias with large wall defects. Following principles to consis-
rently avoid the gasominrestinal complementary surgeries due
o thee high risk of prostheric conmminarion, we obmained good
long lasting resules. Relatively bow mate of moebidicy and absent
mortality in this series, demonstrates chat intervenrion can be
performed safely. Recurrence rate of 6.7% at 3 to T years post-
operatively demonsteates that the peocedure iwself is highly
efficient if it is comectly performed. Fumhermore, 64% of
patients were satisfied with the subsequent development of
quality of life.

[Drespite the good results thar we obtained, the sudy is
limired by reduced follow-up and by the recurrence rte based
on a small number of pacients directly examined. If we assume
that the unexamined patients recurrence rate was similar, we
record am overall rate of 12%, which correlared with defect
complexity seems reasonable and superimposable with lirera-
muse daca (15).

The rechnique iself provides smraregic placement of the
miesh so that it covers wirthout tension the enrire wall defect
and optimizes s rissue ingrowth. Coverage of prostheric
material & ideal, i possible, because it protecrs against
infection. Opening the inrestinal tesct & a rtheorertical
contrmindication o prostheric repais, bur given the complexicy
of abdominal wall defects the techniques of tssue repair are
doomed o failure ar a re of 50% (16).

Aggressive mrearment of suppuration in the eady days of
the event, borh locally and systemically, may be useful in
preventing the risk of conmaminarion of the prosthesis which
can thus be saved (17).

Figiire 7. Late postoperative complications

Talle &

007 209
Excellent T {1 39%) 3 (1.54%)
Veygeed L ASOILSON 66N
Good 41 {26.61%) 37 {31 35%)
Poor 46 (31.16%) 17 (12 BB%)
Very poor & {4.199%) 8 (6.77%)
Toral 143 {100%) 118 {100%)

Conclusions

The complex incisional hernia surgical cuse Rives-Stoppa
rechnique is a safe procedure, sustainable anmd efficient,
providing a high rate of both patient (by the high degree of
comfort) and surgeon sarisfaction (by the low rare of compli-
cations and recurrence). Postoperative wound infecrion and
especially of the prosthesis are the main causes of relapse
and dissatisfaction.
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V. Oprea . M. Toma' - 0. Grad"?- €. Bucuri'* - P. Pavel' - 5. Chiorescu® - D. Moga®*

Fisceived: 23 May 2022 / Accepted: 15 January 2023
€ The Auther(s), under exelusive leence ta Springer-Verlsg France SAS, par of Springer Mature 2023

Abstract

Purpose The main objective was to assess the prevalence of hernia recurrence, wound complications (surgical site infections
[55]1], seroma and hematoma) and mortality after anterior component separation (ACS) and posterior component separation
via transversus abdominis muscle release (PCSTAR) in patients with complex incisional hernias.

Summary background The so-called complex IH is a serious medical and societal challenge due to its direct and indirect
costs; it is also hampered by the use of different surgical techniques. different type of meshes, and different results heteroge-
neously reported and interpreted. According to actual data. the best approach seems to be a mesh reinforcement component
scparation procedure augmented or not with an adjuvant technique (preoperative progressive pneumopentoncum and'or
Botulin toxin type A infiliration).

Methods A systematic search of four databases (MEDLINE. PubMed. Web of Science, and Google Scholars) was conducted
to kdentify studies reporting on outcomes of component separation techniques and which were published before December
2021. A systematic review and a meta-analysis of postoperative outcomes were performed.

Results Nincieen studies including 3412 patients {1709 with ACS and 1703 with PCSTAR) were selected. Pooled hernia
recurrence rate after 2 minimum 1-year follow-up was evaluated at 5.15% (odds ratio [OR] (0L68; 95% confidence interval
[CI) 0.5-0.9; p=0.0175). Pooled surgical site infection rate was 1006% (OR 1.32; 95% CI 1.06—1.65; p=10.0119). Seroma
and hematoma were estimated at 9.75% (OR 1.93; 95% CI 1.52-2.44; p=0.0001) and 3.83% (OR 1.51; 95% CI 1.26-2.61;
p=0.0012}, respectively. ACS was associated with increased wound morbidity, seroma and hematoma. PCSTAR displayed
higher recurrence rate (4.27% vs 6.11%).

Conclusions PCSTAR was superior to ACS in terms of wound morbidity, surgical site infections, seroma and hematoma
incidence. The procedure should be further evaluated in comparative head-to-head randomized controlled trials.

Keywords Complex incisional hernias - Anterior component separation - Posterior component separation - Transversus
ahdominis muscle release - Recurrence

Background
1 W, Oprea Incidence of incisional hernias {IH) remains increased
epreacy3 167 gmail com despite modern technologies that have implemented mini-
' Climical Depar ¢ of Surgery, “Constantin Papilian™ mally in.\rasil.': 51:|rg::r_',', high-quality s.g.lmhr.tic ar I:Hii.:-lu_gir_'
Emergency Clinical Military Hosgital, Mo 22 Gral Traian prosthetic materials and suture materials and techniques.
Musaiu Streel, Cluj-Napoca, Chj County, Romania Once developed. IH evolves and may result in progressive
Second Department of Surgery. lulin Hatiegam™ University cnlargement with large defects even loss of domain, or acute
of Medicine and Pharmacy, Cluj-Napoca, Fomania life-threatening complications. Furthermore, once repaired
' Drepartment of Surgery, “Alexandry Augustin” Emergency the burden of recurrence, mesh infection or migration
Military Hospital, Sibrin, Rewmaamia i through a hollow viscus associates pain, impaired guality
4 Medicine and Pt Facaty, “Licisn Blaga™ University, of life and the risk of subsequent re-intervention [1].
Sibiu, Romamia
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Complex 1Hs are a serious medical and societal challenge
due to their direct and indirect costs: they are also hampered
by the use of different surgical techniques, different type
of meshes, and different resulis heterogeneously reporied
and interpreted | 2]. Anatomical restoration of the linea alba,
even with the aid of a mesh repair. it is almost impossible to
be achieved for such patients without the aid of component
separation techniques. Sometimes. the preoperative sugmen-
tation of the abdominal wall is necessary and these can be
physical {progressive pneumoperitoneum or Fasciotense™!
Hernia Dalhavsen Medical Technology device) or chemical
as type A Botulin toxin in various forms. Currently, only
two surgical techniques [the anterior component separa-
tion (ACS) as described by Ramirez [3] and the posterior
component scparation with transversus abdominis release
{PCSTAR) as described by Novitsky (4)] address to patients
with tissue loss, wide defects, loss of domain, fibrotic/non-
compliant abdominal wall are available; cach one claims its
superiority over each other in terms of effectiveness.

Enthusiastically accepted in the 1990s, ACS soon proved
tor b burdened by a large number of wound complications
{seroma, hematoma, skin necrosis. infections) and a constant
recurrence rate ranging between % and 18% [3. 6]. Introduc-
tion of the endoscopic ACS and periumbilical perforator
sparing improved the incidence of complications but without
interfering with recurrence rate despite the use of biologic or
synthetic prosthetic materials in all locations of the abdomi-
nal wall {onlay, inlay, retro-rectus or preperitoneal ) [ 6—4]

PCSTAR is a new myofascial release technique designed
as an extension of the Rives-Stoppa repair in which the
preperitoneal space is accessed by sectioning the transver-
sus abdominis muscle at the level of the posterior rectus
sheath. Thus, an immense retromuscular plane is developed
and a large picce of mesh can be inserted into a bilaminar
space. Complete fascial closure can be achieved in almost
953% of the patients with a well vascularized and innervated
abdominal wall due to the preservation of the neuro-vascular
bundles. The incidence of wound complications is variable
ranging from two to 30% in different reports [9]).

The comparison of the above-mentioned techniques in
terms of outcomes, guality of life and recurrence rate rep-
resents an important measure for the quality of repair and
a possibility to improve the decision-making process and,
thus. surgical performance. There is no proof that one tech-
nigue is superior to the other. A meta-analysis comparing
both techniques was recently published but the conclusions
were scarce due to the small number of patients and the
inclusion of most PCSTAR paticnts from the same surgical
center [10].

The increased use of local augmentation techniques in
abdominal wall reconstruction {progressive prooperative
preumoperitoneum—FPPP associated or not with Botulinum
toxin infiltration) and the newly devised Fasciotense™ were

) Springer

recently successfully reported as effective adjuvant methods
for abdominal wall reconstruction being it open or laparo-
scopic [11-14].

Given the increased populanity of PCSTAR and its quick
adoption for complex abdominal wall IH, our goal was to
reevaluate the outcomes of the procedure according to the
new literature data with an increased number of included
patients. The protocol of the systematic review and the meta-
analysis presented here was prospectively registered in the
PROSPERD database (hitp:/'www.crd. york ac.uk/PROSP
ER(Vdisplay_record.asp?) with the registration identifier
CRD 42021292506,

Methods

Search strategy

Two independent reviewers (O and MT) performed a struc-
tured literature search in MEDLINE, PubMed, Web of Sci-
ence. and Google Scholars for studies reporting cutcomes
of component separation techniques. The search strategy
was conducted according to Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) guide-
lines [15]. The following index terms “complex incisional
hernia™ OR “component separation” were used to identify
studies from the beginning of 2010 until December 2021, A
bibliographic review of selected relevant papers was used as
a secondary source for full-length articles.

Eligibility criteria

Relevant studies published in the English language were
included if they originated from a unique cohort. In the case
of multiple publications from one center, the last publication
was considered comprehensive. All single arm and com-
parative prospective or retrospective studies were included.
For open ACS only retromuscular mesh reinforcement with
synthetic or biologic meshes was cligible for the analysis.
Aricles without a clear definition of the outcomes, reporting
non-midline hernias at least, pediatric series. non-human
studics, less than 25 patient series (to avoid overestimation
of the treatment effects). case reports, minimally invasive
series, review articles. “How [ Do It™ reports. discussion
papers or meta-analysis were excluded.

Outcome definition

Primary outcome measurements were wound morbidity and
hernia recurrence.

Wound morbidity or wound events are described in
Table 1 and include Surgical Site Infections ($51) accord-
ing to CDC classification [16], Surgical Site Occurrences
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Table 1 Description of wound morbidity criberia

Surgical site infections (S50) Surgical site occarrences {550}

Hurgecal site oocurmences requiring procedural imlervention (55081 )

Superficial Amy 551 in addition 1o
Deep Wound cellulits
Ovrgan space MNon-healing incisional wound

Fascmal disruption

Skmisoft imsue ischema
Skmfsofl issue necrosis
Serousipurulent wound draimage
Stitch absoesses

Seromi., hematoma
Infected e posed mesh
Entero-cutaneous fistala

Wiourkl apening

Suture excision

Percutaneous drainage
Compleledpartial mesh remiowval

(5500}, and Surgical Site Occurrences Requiring Procedural
Intervention {S50PI). The recurrence rate was considered
only after a minimum of 12 months follow-up and was docu-
mented by clinical, radiological (ultrasound, CT scan) or any
of the hemia inventory surveys. (iher secondary outcomes
of interest were mortality, 30-day medical complications,
readmission and reoperation rate.

Quality and risk of bias assessment

The included studies were assessed for the risk of bias by
two independent raters (O and MT), with any disagree-
ments resolved by consultation with a third party (MD).
Thie risk of bias assessment was done using the Cochrane
Collaboration’s tool for assessing the risk of bias in non-
randomized trials [17] for each study. Since the risk of bias
may not be equal for all outcomes an individual, risk analy-
sis was performed for each outcome assessed. The risk of
bias was represenied as separate columns in forest plots for
individual studies and as stacked bar charts &= an overview.

Two independent reviewers (OV and MD) assessed the
quality of the studies according to MINORS criteria using
8 items for single arm studies and 12 items for comparative
studies [18). Disagreements were resolved by consensus
with a third reviewer (BC). Due to the risk of bias, it was
decided that a MINORS score of at least 7 was required to
include the study in the meta-analysis.

Data extraction and management

Dhata were independently extracted and entered inio an Excel
spreadsheets. From each study. the following data were
extracted: first author, study design, sample size, demo-
graphic characteristic of the patients {gender, age. body
mass index, comorbidities, smoking status, number of prior
operations for hernia), intracperative charactenstics of her-
nia (defect area, type of mesh used, and operative time}), and
the described outcomes.

Statistical analysis

Data interpretation was performed using Revue Manager
(RevMan) Computer Program, version 5.4 The Cochrane
Collaboration 2020, Continwous data were summarized by
calculating the mean of provided measures included in the
study; dichotomous data were represented as absolute num-
bers and percentages. Pooled proportions of the outcomes
were calculated with fixed effects (FE) models in the case
of non-significant heterogeneity (p > (0.1} and with a ran-
dom logistic regression when significant heterogeneity was
present (p<0.1). The odds ratio (OR) with 2 95% confi-
dence interval was assessed for dichotomous outcomes while
standard mean difference (SMD) was estimated for contino-
ous outcomes. Corresponding forest plots were constructed
for the pooled estimates of the described outcomes and the
weight of individual studies is represented by the size of
individual squares. Heterogeneity was assessed using chi-
square statistics and I measure for inconsistency. Heteroge-
neity was not considered imporiant when F ranged between
0 and 40%., moderate between 30 and 60%, substantial
between 3 and %, and significant between 75 and 10%.

A random effect meta-regression was performed to evalu-
ate possible patient (age, gender, Body Mass Index [BMI],
diabetes, and immunosuppression) variables able to influ-
ence the outcomes. A network meta-analysis was conducted
to compare the different types of mesh on the risk of out-
comes using a multivariate regression.

A p value below than (.05 was considered significant for
all outcomes.

Results
Search results
The initial scarch results identified 1061 references (Fig. 1).

Afier exclusion of duplicates and exclusion of references
based on title and abstract, 102 full texts were read. From

4) Springer
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records identified title and abstract stirdies added from full text papers excluded n= §3
through data base screening refferences n=7 -
searching n=1061 excuded =659 unavailable fulltext =18
full tét non-avaiabie n
Englishn=10
rechnical report n=17
recards retaineg auplicated e -
for review =402 excused n=307 conference abstract n=22
component separation not
described n=3
full tet raview no outcomes repanted n=7
n=35
t
ful teat articles Included in the
meta-analysis n=19
1 prospective study companng
ACSvSPCS
3 retraspective studies
camparng ACS vs PCS
15 retrospective cohort studies

Fig.1 PRISMA Bow chan

the 102 articles, 83 were excluded. The most common rea-
sons for exclusion were the full-text unavailability, and the
presence of only conference abstracts. Finally, 19 studies
with 3412 patients (1709 with ACS and 1703 with PCSTAR)
were included in the meta-analysis [19-37]. Of these 19
studics, one was a prospective non-randomized trial compar-
ing ACS vs PCSTAR [19]. three retrospective comparative
studies [20-22]. and 15 retrospective cohort studies [23-37].
None of the publications included described a randomized
control trial. Table 2 shows the characteristics of the studies
included.

The risk of bias assessment

The risk of bias assessment is represented globally in Fig. 2.
The majority of studies were at risk of random sequence

4 springer

generation (high risk 75%, critical risk 18%), performance
bias (moderate risk 71%. critical risk 24% ) and attrition bias
(high risk 80%, critical risk 13%).

Quality assessment

Most studies showed good methodological quality: only two
of them had 7 points based on MINORS criteria (Table 2).

Baseline characteristics

In total, 3412 patients were included with an almost
1: 1 proportion of male to female ratio (males—1771,
females—1641). The median or mean age as reported ranged
between 52 and 64 years (aggregated median 57.57 years).
Median or mean BMI (as reported) ranged from 27.9 to
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Rangom sequence generation (seiection bias) [ I NREEEEEE

Allpcation concealment (selection bias) .

Bilinding of panicipants and personnel (performance bias) I—_

Biinding of outcome assessment (detecton bias) NN I
incomplete cutcome data (atriion bizs) |
seisctive reporing (reporeng vies) [N H

Other bias I I

0% 25% 50% 78%  100%

B Low risk of bias

[ ) Unciear risk of biss

.ngh risk of bias

Fig.2 Evaluason of global risk of bias of searched papers

35.4 kg/m” (aggregated median—32.92 kgfm®). Mulii-
ple comorbidities were reported in all studies. Thus, were
reported 327 diabetic patients (24.23%), 546 patients with
Chronic Obstructive Pulmonary Disease {COPD—16%),
and 248 immunosuppressed patients (7.26% ). Active or for-
mer smoking was reported in 17 studies (14-19, 21, 23-32)
and included 665 patients (19.72%). Surgery for recurrent
incisional hernia was reported in 18 studies for 1521 of 3340
patients (45.53%) with an aggregated mean of 1.9 previ-
ous repair/patient. Comparative pooled data for anterior vs
posterior component separation are represented in Table 3.

Intra-operative details

Defect area was reported as mean or median in all
studies and varied from 140 to 653 cm? {aggregated
median—342.63 cm?). Patients with ACS have a
pooled defect area of 278.38 + 126.82 cm?® comparing

with 346.20 + 160.08 cm® for patienis with PCSTAR
(SE=5.18,95% Cl=—T8.07 to — 57.74, rbest =— 13.27,
p=0.001). Operative time as mean or median was doc-
umented in 16 studies and ranged from 155 to 377 min
(aggregated median 260.32 min). There was no difference
between operative time of ACS patients and PCSTAR
patients (245.72 4945 vs 249924 47 .92, 5E 1.30, 95%
CI 1. 48-6.02, r test =— 1.30, p=10.192). Overall use of
biologic mesh was recorded in 12 studies and included
484 patients (14.18%). In patients with ACS biologic
mesh was 3 times more frequently used than in patients
with PCSTAR and the difference was sigmificant (366
vs 118 patienis; OR 3.66; 95% C1 2.93-4.56; 1= 12.40;
p=0.001). The most frequent biologic mesh used for AWR
was Porcine Dermal Graft. A various number of synthetic
meshes {in terms of basic polymer, molecular weight, and
filament type) were used; of them polypropylene flat mesh
was the most frequently reported.

Table 3 Baseline characteristics

of the inchuded patiests Warizhle ACS PCSTAR OR (95% CI) I

Age (years) 58354315 ST.RS£3.59 SE=10.078 {58.19-58.500 DTk
Genider (male) BRI TOW BEA1TOG 0.97 (58.19-58.5) 0728
BMI{kgin®) 3334212 32494212 SE 0072 {(.66-0.95) 037

Operated recurrences 5651709 95611 TIG 041 (DLAS-0.47T) <01
Number of previous repairs Lis a7 . <00l
Smuokers HETBER 224N 24 (2.00-2.8T) <01
Driabetics IBXITOW 44511703 DR (DLGS-0.95) L]
COFD ZOE T 24811703 1.23 {LO3-1.48) 00219
Immunosuppressed DOE/ TR 501703 4.43 (3.15-5.95) <01

A statistically significance was relevant when p<(0L05

ACE anterior component separation, PCSTAR posterior component separation with transversus abdominis
release, QR odds mti, 953% CF 95% confidence interval, SE standard ermor, 8MT Body mass index, COFD
chronic ohatructive pulmonary disease
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Anterior fascia closure was reported in 15 studics
{n=2612 patients). A bridged repair was performed in 221
paticnts {#.46%) and more frequent in patients with PCSTAR
(161 patients; OR 0.34; 95% CI 0.25-0.47; p<0.001). Only
six studies reported concomitant procedures during AWR:
small bowel resections and small bowel procedures—222
patients of 1832 (12.11%); other procedures (appendectomy,
cholecystectomy, non-specified)—349 of 286 (17.13%) and
concomitant mesh removal—62 paticnts of 1645 (3.76%).
Bowel procedures were more frequent encountered in ACS
{175 of 1265 patienis and the difference was significant
comparing to PCSTAR (relative risk [RR]—1.66; 95% CI
1.22-2.26C p=0.0011}). mesh removal was more frequent in
paticnis with PCSTAR—22 of 380 patients vs 40 of 1265
patients (RR 0.54; 95% CI0.32-0.90; p=0.019).

Pastoperative outcomes

Pooled overall wound morbidity was reported in all siudics
with an incidence of 28.63% (977 evenis). In ACS group of
patients the pooled reported rate of wound occuwrrences was
higher than in the PCSTAR group (363 vs 412 paticnts; OR
1.54; 95% CI 1.33-1.7%; p<0.001) {Fig. 3A). Surgical site
infection was the most frequent wound occurrence ( 10.60%
of all patients and 37% of all wound morbidity). Pocled data
showed that 551 was more frequent in patients with ACS
(204 vs 158 events) and the difference was significant (OR
1.32; 95% CI 1.06-1.65; p=10.0119) (Fig. 3B). Seroma was
encountered in 333 patients (9.75%) and was more frequent
reported in ACS patients (215 vs 118 events; OR 1.93;
95% C1 1.52-2.44; p<0.001) (Fig. 3C). Only 131 paticnts
developed postoperative hematoma: 84 in the ACS group
and 47 in the PCSTAR group (OR 1.81; 95% CI 1.26-2.61;
p=0.0012} (Fig. 3D}. Overall pooled recurrence rate was
5.15% (169 of 3278 patienis; in the posterior component
separation group were reported only patients who fulfilled
a minimum [-year follow-up). Procedural intervention
for wound complication was reported in only five studies
(m=2123 patients) and consisted in antibiotics, wound open-
ing. dressings and VAC therapy. The pooled overall inci-
dence was 5.08% (78 patients of 2125). There is no descrip-
tion of the number of procedures/patient. The incidence of
S30PI was 2.15% (30 of 1193) ACS paticnts and 5.36% in
the PCSTAR patienis (78 of 932); the incidence was statisti-
cally significant (OR 1.79; 95% CI 1.48-2.74; p<0.001)

Length of hospital stay reported as a mean was identi-
fied in 15 studies and varied from six to 14.4 days (aggre-
gated mean 9.7 % 3.6 days). Paticnts with ACS had a pooled
hospital stay of 8.56+ 2.06 compared to 7.49 £ 239 days
for patients with PCSTAR (OR 0.83; 95% CI 0.71-1.02;
p=0.02T).

Follow-up expressed as mean ranged between 6.3
and 32.4 months with an aggregated pooled value of

£} springer

17.26+ 7.54 months. It was reported in all studies except
one, and included a number of 32%1 patients. Patients with
ACS had a shorter follow-up (15.61 £4.25 months) com-
pared with paticnts with PCSTAR (1948 + 943 months) and
the difference was significant (SE 0.24; 95% C1 - 3.01 to
— 2.0 rtest=— 10.15; p< 0001 L

Dwring this follow-up period, overall recurrence rate was
recorded in 169 of 3278 patients (5.15%); it was 427% in
the ACS group (73 of 1709 patients) compared to 6.11% (96
events in 1569 paticnts) in the PCSTAR group. The differ-
ence was statistically significant (OB (L68; 95% C10.5-0.9;
p=0.0175) (Fig. 3E).

Mortality was reported in only one study for six paticnts
in a report of 96 patienis with a bridged PCSTAR and was
attributed to medical complications {pulmonary embaolism,
sepsis and shock).

Factors associated with the outcomes

Logistic regression showed that polypropylene mesh
was associated more frequent with seroma formation in
ACS patients (OR 0.021, 953% CI 0.067-40.71, p=_0.006)
while biologic mesh with recurrence (OR 0.266, 95% CI
12300677, p=0.001) and infection (OR 0232, 95% CI
0120419, p< 0001 ) in ACS patients. Among comaorbidi-
ties, COPD and obesity were the main factors responsible for
551 and recurrence. The area of the defect and the number
of previous hernia repairs were the main factors associated
with hematoma and recurrence for both ACE and PCSTAR.

Discussion

This systematic review and meta-analysis is focused on
complex hernias that cannot be closed primarnily without
excessive tension and their management is based on the
component separation techniques associated with mesh
reinforcement. Component separation techniques with retro-
rectus mesh reinforcement are effective procedures in com-
plex hernias to reduce recurrence rates and to assure a sound,
stable and functional abdominal wall (30). Based on pooled
estimates, component separations were associated with rela-
tive favorable outcomes in terms of postoperative complica-
tions. The overall rate of wound morbidity was 29.3% and
was dominated by 551 (3380 events—11.1% ) and seroma for-
mation {325 events—9.52%). Moreover, severe complica-
tions were rarely reporied and mortality was extremely low
(six events—{).17'% ) despite the local and systemic complex-
ity of reported incisional hernia patients. After a minimum
I-year follow-up. the recurrence rate, was moderately low
and can predict a benefit for these complex hernia patients.

An interesting finding of this meta-analysis is the impor-
tant proportion of bridged repair in patienis with PCSTAR.
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Fig.3 Auhtalmﬁmbﬂy(hmwwm ponent Separation). ) Hematoma formation (favors Anterior Compo-
ration). B Surgical Site Infections (SS1)—Strongly favors Posterior  nent Separation). E Recurrence rate (favors Anterior Component Sep-

Component Separation C Seroma formation (Evors Anterior Com-  aration). F Length of stay (favors Posterior Camponent Separation)
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Fig.3 (comtinued)

(161 vs 60 patients), missing the advantage of approximated
muscles in the midline. The degree of advancement for
both techniques has not been adequately described (only in
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cadaveric studies): the reported results are still controversial
resulting in great uncertainty regarding this issue. A greater
degree of abdominal wall advancement is seen in the ACS
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techniques compared with TAR as reported by Lohetaland  each side [40]. A possible contributing factor is the degree
Moores et al in their cadavernic studies 38, 39]. These results  of tethering effect of the external oblique muscle insertion
show significant differences of 57% comparing to Majum-  compared to the transversus muscle insertion to the rectus
der et al cadaveric study in which after a complete TAR  sheath [38]. The variation of conditions in the real patient
the medial translation of abdominal wall was 9.9 cm for  will vary especially with the degree of herniation, abdominal

73

£ springer



Heamia

wall defiect, location of the defiect, tissue elasticity and nesist-
ance, shear modules, and probably the most important factor
with the abdominal wall compliance, which is also influ-
enced by a multitude of patient-related factors [41].

Deespite large proportion of bridged repairs, benefits are
impaortant and resides in the wide pocket for mesh position-
ing in the retromuscular space compared to ACS; the use
of synthetic mesh for the bridged repair is also an essential
companent as the use of biologics has been found 1o result in
higher infection and recurrence rates. As Alkhatib reported
on the largest series of bridged PCSTAR the quality of life
was significantly improved [23].

There are promising resulis with the use of adjuvants for
increasing the abdominal wall compliance and volumes but
the number of reported patients is still not significant for an
extended attitude. The use of preoperative progressive pneu-
moperitoneum (PPP) and Botwlin toxin {BTX) alone but
mare frequent in combination seems o be useful to provide
complete repair and a reduced rate of complication [11-14].
The main drawback of them is that the measurements were
difficult, not reliable or reproducible and, therefore, hard to
standardize. As a measure of improvement. more studies are
necessary [41].

As expected. global wound morbidity was higher in ACS
patients and the results are similar to ones reported in other
studies. In 2002, Lowe et al. reported on 30 patients with
ACS a cumulative incidence of 35 wound events; infection
(40r% } and wound dehiscence (43%) being the most fre-
quent occurrences [43]. Although the average rates of com-
plications were high, this does not necessarily apply to all
patients because of the considerable heterogeneity presented
in the pooled analysis (7 =83% ). The increased heterogene-
ity among studics had a high impact on the guality of the
meta-analysis for these complications [44]. All other wound
events (seroma, hematoma, and S51) were more frequently
encountered in patients with ACS (unimportant heteroge-
neity for all events). Despite these data, S50PI were more
frequently reporied in patients with PCSTAR: probably a
better understanding of the mechanisms of wound repair and
a more aggressive attitude in controlling healing leads to
this attitude.

An important topic to discuss is the follow-up period.
Since the follow-up differs significantly between both
groups, the shorter follow-up coincides with the lower recur-
rence rates and this has to be expected since the recurrence
rate increase over time; from our pooled data a five percent
difference is to be expected within three months between
the first and the second year of follow-up. With 5% expected
difference due to a longer follow-up, the observed difference
may be irrelevant with a 98% likelihood of second-order
error [45]

Given the complexity of these patients. the recurrence
rate was acceptable despite inadequate follow-up length. The
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recurrence rate is probably correct, with a low publication
bias, most of the studies {ten of them) reporting adequate
recurrence identification by CT scan or ulirasound instead
of clinical examination. The recurrence rate for the patients
with PCSTAR, despite larger mesh surface, might be also
explained by the larger mean defect area. more freguent use
of bridged repair, the use of PCSTAR for complex situations
(open abdomens, post-transplant patients, ), and the higher
number of recurrent incisional hernias (including recurrent
hernias afier ACS) for which the technique was used. Huli-
man et al. showed that recurrence rate for surgeons using
component separation gradually decreases after dve years of
experience with the technique [46]. No valid correlation was
observed between the type of mesh used and the recurrence
rate in PCSTAR group.

The increased rate of recurrences in both groups but
especially in patients with PCSTAR could be reasonable
explained from the point of biomechanical stability against
cyclic load and by the complex biomechanical behavior of
the abdominal wall after reconstruction [47-51]. Accord-
ing to the authors, biomechanical stability after abdominal
reconstruction is dependent by an adequate mesh selection,
mesh size and mesh fixation. This is also in relation with
the Mesh Defect Arca Ratio (MDAR) which is a measure
for the static cohesion: this static tension also varies with
the surface properties of any mesh touching tissues. The
towching surface is loaded by other forces which are influ-
enced by surgical procedure (mesh position), mesh fixation
and tissue clasticity keeping the mesh in place until healing
oceurs. The authors also consider that a tailored approach
for each patient is mandatory and the type, shape and mesh
surface are important prerequisites of a successful repair. A
DIS class A meshes gives the best retention force such that
Crained resistance o impacts delivered by pressure (GRIP) to
be higher than Critically needed resistance to impact deliv-
ered by pressure (CRIP). Increasing hernia size requires
higher GRIF values for a biomechanically stable complex
hernia repair [48]. Also. application of component separa-
tion creates more space for mesh placement as intended in
registry data [50].

In the light of these data, component separation applicd
tor achieve a MDAR required for a GRIF above the calcu-
lated CRIP was ineffective and in association with an inad-
equate mesh in terms of surface and fixation (which is not
mentioned in no one of the included studies), they lead to
increased rate of recurrences and seroma formation. In their
studies, the above-mentioned authors report an overall mor-
bidity of 6-10% and no 1-year recurrence which compares
favorably with the almost 30% found in the 19 articles con-
sidered for analysis.

Based on pooled data, we tried to identify factors
invalved in negative outcomes after component separation.
Among patient-related factors, the presence of obesity and
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COPD were the main risk factors for 551 and recurrence.
Owr results are similar to the ones of Desai et al. and Ko
et al. who reported a sixfold increase of 551 when BMI was
higher than 40 tg.!'m3 [32, 53]. Also, publication bias on the
surgical technigque must be considered when analyzing the
results:; even if one of the inclusion criteria was the descrip-
tion of the procedure, the brief description and unreported
differences in technical details cannot be neglected. Suture
material, the technique of fascia closure (large or small bites)
and mesh fixation were not adeguately reported in most of
the studies. The biologic mesh negatively influenced the
recurrence rate in patients with ACS, while synthetic mesh
increased the rate of seroma formation.

Owur pooled results outcome data are in accordance with
some recent meta-analysis and systematic reviews reported
by Hodgkinson et al., Cornette et al., and Wegdam et al.
[ 16, 44, 54]. Our data have the benehit of more comparative
studies and more included patients.

The choice of one or the other of the component separa-
tion method is still debatable due to limited good guality
data confirming the superiority of one over the other. No
randomized controlled trials are comparing these procedures
and the number of patients is still limited to draw consistent
conclusions. Moreover, most of the patients with posterior
component separation (TAR }—maore than half in our study.
are reported by the same surgical center [20, 23, 26, 29,
30, 33, 34). Despite the increasing number of reporis, the
decision-making process is still a challenge for the abdomi-
nal wall surgeon and depends on several factors. Component
separation being anterior or posterior is a difficult repair to
perform and there will be a significant leamning curve. Sur-
geons have to rely on their own experience, on the patient’s
clinical information and on their assistant’s help. Monitor-
ing and assessing the situation, taking appropriate actions
and monitoring the results is a dynamic stepwise model of
surgeon [35]. The influence of published outcomes, mostly
on large cohorts and the presence of guidelines and recom-
mendations are also important factors for choosing one or
another component separation. Last bui not least, a more
profound and tailored Momechanical analysis could pave the
road to more durable repairs. Unfortunately, we are saill far
away from this!

This study is not without limitations. Analyzing only cohort
and non-randomized comparative studies without any rand-
omized controlled frials can be considered a serious publica-
tion bias with a huge impact upon the guality of the results.
There is a high heterogeneity among studies regarding patient”
population. comorbidities, type of used prosthesis and anat-
omy of the hernia. Also, the lack of head-to-head compara-
tive studies and randomized trials makes a direct comparison
between the two groups difficult. The absence of important
details regarding the surgical procedure and differences in
patients” characteristics undergoing one of the two assessed

surgical techniques can be considered another publication
bias and these impact the reported recurrence rate and the
rate of wound complications. Furthermore, mortality was not
adequately reported in most of the studies and thus, the risk
could be underestimated. Functional outeomes (gquality of life,
daily activities) were also rarely reported and in consequence,
these outcomes could not be included in the meta-analysis.
Considering these parameters as important for the assessment
of treatmient effectivity further studies, assessing functional
ouicomes are mandatory.

Conclusion

In conclusion, considering pooled data, component separation
technigques were sssociated with favorable results in terms of
recurrence rates. Differences in terms of outcomes of the two
techmiques analyzed in this meta-analysis were also observed.
ACS is imferior to PCSTAR due to elevated seroma, hema-
toma, and surgical site infections while PCSTAR was asso-
ciated with a higher recurrence rate. The increased rate of
recurrences after PCSTAR is somehow bothersome as long
a5 the mechanisms of recurrence are not yet cleary elucidated.
ACS was associated with an increased amount of complete
fascial closure. An interesting finding of this meta-analysis
is the increased proportion of bridged repair in paticnts with
PCSTAR; this can be an important “Achille’s heel” for recur-
rence. The topic leaves the door open for further research as
long as published studies still not prove a clear correlation
between them. Dresignimg hermia repair for durability acconding
to biomechanical principles will bring both complication and
recurrence rates below 5%.

Drespite higher recurrence rate, PCSTAR could be a more
valuable option because it does not reqquire large skin and sub-
cutancous flaps and a large mesh can be placed as a sublay
reducing the odds of S51.

However, the lack of direct comparison of these techniques
limits the interpretability of our results. Future controlled
comparative trials with standardized outcome measures, par-
ticularly regarding the report of wound morbidity, are recom-
mended to confirm our conclusions. Additionally, given the
inherent difficulty in finding comparable patients in the field
of abdominal wall reconstruction, Veniral Hernia Working
Group grades, range of other operative factors, such as mesh
type. and the range of potential comorbidities, an analysis of
data available from National and European regisiries would
be recommended.

Data availability All data are available and can be reguested to the
authors.
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Is transversus abdominis muscle release
sustainable for the reconstruction of
peritoneal volumes? A retrospective
computed tomography study

Valentin Constantin Opraa’, Marius Rosian’, Stefan Mardale®, Ovidiu Grad™

Abstract:

BACKGROUND: Incisional hernia (IH) is the most frequent complication of laparotomy with an
increasing incidence over ime. A large amount of them presant in complex forms with large defects or
even loss of domain. There is still no consensus regarding the optimal surgical approach fior this IHs.
The posterior component separation with transversus abdominis release (TAR) alone or in combination
with augmentation of the abdominal wall became the standard of repair in lange IHs (LIH). No clear
evidence that TAR alone can recreate the nomal volume of the peritoneal cavity is availabla. We
assessed if it is possible to reconatruct normal peritoneal vodume (PV) by TAR.

MATERIALS AND METHDDS: In this retrospective study, data from LIH patients with midline defects
equal or larger than 10 cm width, and computed fomography scans available before and 1-week
after TAR with complete fascial chosure were analyzed. Hamia sac wolume (HSV), abdominal cavity
volume (ACY), and [PV = HSV + ACV) were evaluated before sungery. Peritoneal index (Pl) was
calculated as HEV/PY ratio. PV was measured at 7 days post-TAR (PV__). The compliance of the
abdominal wall (C_ ) was calculated as the ratio between the difference of the PV before surgery and
after TAR and the difference between precperative intra-abdominal pressure (|AF) and postoperative AP,
RESULTS: 23 consecutive patients with a mean age of 64 years were incleded in the study. The
mean value of the HSW was 3,775 cm? and of the ACW B377 cm?. Pl varied between 0.22 and 0.4.
A statistically insignificant difference was recorded between PV and PV, (P =0.7). Patients with
Pl =0.3 had the wolume of the peritoneal cavity lesser than patients with Pl <0.3. The compliance
of the abdominal wall was decreased for the patients with defects larger than 15 cm width and Pl
larger thamn 0.33. Urine output in the first postoperative day was smaller in the patients with P1 larger
than 0.3 with a statistically significant (P = 0.0002) difference and was highly correlated with the
abdominal perfusion pressure (APF) and PI.

CONCLUSIONS: TAR is able to recreate normal PV in LIH patients with P1 <0.3. When P is larger
than 0.33, a permissive intraabdominal hypertension develops for 24 h with the reduction of the APP
and of the urine output. In this condition, the augmentation of the abdominal wall could be considerad
as an option by preoperative administration of pneumoperitonewsm and/or Botulin toxin.

Keywords:
Abdominal cavity volume, incisional hemnia volume, intraabdominal hypertension, large incisional
hernias, pentoneal index, transverse abdominal muscle releass

hernia (IH) is still found after 11%-50"%
of laparotomies. It is one of the most

Introduction

espite considerable improvements
and innovations in surgery, incisional

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attributon-MonCommercial-Shareflike 4.0 Lcense, which
allows others to remix, tweak, and build upan the work
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the new creations are licensed under the identical terms.

frequent complications and a common
indicator for reoperation.'2 The costs
invelved in caring for this patient
population are enormous (over USD

How o cile this article: Dprea VC, Rosian M,
Mardale 5, Grad 0. s transversus abdominis muscle
releass sustanahle fof the reconstructon of perilonesl
wvolurmes? A retrospective computed tomography
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3 billion only in the USA) and constitute a real public
health problem.™

Within this group, a specific subcategory of patients
with large or very large IH (LIH) can be identified.
Even though LTH incidence is underestimated, up to
40 of patients could be defined as large or with loss
of domain (LODY) according to experts. 4 Most of these
patients experience severe symptoms, a poor guality of
life and surgical repair is commonly needed.™

The surgical management of [H associated with a
patient’s poor condition results in severe immediate
complications (e.g., abdominal hypertension or
compartment syndrome, respiratory failure), prolonged
hospitalization (including intensive care), high
repperation rates and mortality. An optimized and
proper surgical procedure choice is mandatory for a
successful outcome.

In the last vears, posterior component separation with
transversus abdominis muscle release (TAR), alone or
in combination with augmentation of the abdominal
wall {progressive preoperative pneumoperitoneum (FPF)
and/or Botulin toxin) became the standard of repair
for LIH and was adopted routinely in several surgical
centers

The effects of TAR on the abdominal wall muscles and
on the abdominal wall function were investigated
but there is no evidence that TAR alone can recreate the
normal volume of the peritoneal cavity. The primary
objective of our study was to assess, by a computed
tomography (CT) volumetric evaluation, if TAR is
sustainable in reconstruction of the normal peritoneal
volume (PV). The secondary objective was to identify if
there is any valuable cut-off based on CT volumes for
identification of abdominal wall augmentation indication
before the surgery.

Materials and Methods

Patients

All files of the [H patients admitted in the Department
of Surgery of the Military Hospital Cluj-Napoca,
between November 2014 and November 2018, were
retrospectively analyzed. The study was approved by
the Ethics Committee of the respective hospital. LIH
was defined as a ventral IH with a fascial defect 210 cm
width. The patients were included in the study based
on the following pre-defined criteria: Midline IH
defects =10 cm width, CT scan available before surgery
and 1-week after the TAR with complete closure of the
anterior fascia has been performed. Exclusion criteria
were: Patients with preoperative local angmentation by
PPF and /or Botulinum toxin, and patients with Class I'V

28
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Ventral Hernia Working Group classification. " Patient
consent was waived because the medical record review
was retrospective and it was not feasible to obtain it.

Computed tomography protocol investigation
All preoperative CT scans were retrospectively
re/reviewed by a surgeon and a radiologist. After the
cross review, all inconsistencies of the measurements
were eliminated. The length and the width of the defects
were identified in their maximal dimensions and carefully
measured. The width of the both rectus sheath has been
also measured. Their sum divided by the width of the
defect was the basis for TAR indication. The volume of
the abdominal cavity volume (ACY) and of the hemnia
sac volume (H5V) (expressed in cm®) were calculated
according to Tanaka et al. method '™ The PV was obtained
by adding up ACY and H5V. The peritoneal index (PIT)
was calculated as the ratio between [HV and PV. All
the values were manually collected because there was
no computer software; differences larger than +10%
between surgeon s and radiologist’s measurements were
reassessed until the agreement was obtained. The values
were rounded to the nearest hundred or thousand.

Data

Patients’ baseline characteristics (age, sex, and onset of
symptoms) were recorded in a database. Intraoperative
findings (length and width of the defect) were also
recorded and compared with the CT scan findings.
The defect of most patients was equated with an
ellipse, and the defect surface was calculated using
the formula % length = % width = n. Intra-abdominal
pressure (LAF) was measured by indirect evaluation
through a urinary catheter™ and was recorded before
surgery and 24 h after TAR on the awakened patient.
Intraabdominal hypertension (IAH) was defined as
an IAP >12 mmHg.

The compliance of the abdominal wall (C_) was
indirectly calculated as the ratic between the difference
of PVs before and after surgery (AV = PV -PV__ )and the
difference between preoperative LAF and postoperative
IAP (AP = preoperative IAP- postoperative 1AP)
(C,, = AV/AP). As a direct measure of 1AH, the
abdominal perfusion pressure (APP) was calculated as
the difference between mean arterial pressure and IAP
preoperatively and in the first postoperative day. Urine
output at 24 and 48 h was recorded.

Procedure

The indication for TAR was established preoperatively
using the formula 2ZREW: DW = 2:1, where RW was
the rectus sheath width and DW is the defect width
measured, both, on CT scan. All the procedures were
performed under general anesthesia according to the
technique described by Movitsky /%

Intemationsl Journal of Abdominal Wall and Hermia Surgery - Volume 3, lssus 1, Janiisny-Maneh 2020
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Statistical analysis

Diata were tabulated as mean + standard deviation (SDY).
Continmous variables were analyvzed by ANOVA variance
test followed by unpaired 2 tales Student’s f-test assuming,
unequal variance, and the binary outcomes with the
Chi-square test. Pearson correlation® was used with the
regression equation. Multivariate logistic regression models
were builtwith PL IAP, PV, C and APF as the outcomes
of interest for the major determinants of severe postoperative
complications, adjusting for identified confounders. In
addition to the variables of interest, the following were
included for adjustment: Age, rank of recurrence, severity
of comorbidities score, BMI, length, width and area of
the defect, ACV, [HV, PV, postoperative IAF, and pain.
Probahilities smaller than {106 were considered as statistically
significant. IBM SPS5 Statistics Version 20.0, 2018,
Chicagno, IL, was used to perform the statistical analysis.

Results

Of 327 [H patients identified during the study period,
98 (27%) underwent TAR and 23 patients (7%) fulfilled
the criteria for inclusion in the study. Mean age = S0
was 64,47 + 7.98 years and the onset of symptoms ranged
between 12 and 148 months (62.17 + 37 4). Demographic
characteristics are shown in Table 1.

LAP was low in 6 patients (mmHg), moderate in 10 patients
(7-8 mmHg), and close to normal values in 7 patients
(9=10 mmHg). The mean value was 7.6 + 1.24 mmHg.

The dimensions of abdominal wall defect measured on
CT scan are listed in Table 2. Mo statistically significant
difference was observed between intraoperative data
and CT findings (Student’s f-test; P = L83 data not
shown). Pre and postoperative values of LAP and of the
abdominal volumes are also shown in Table 2.

Univariate analysis of the entire cohort with the
Pl as a reference, showed no correlation with the
dimensions of the defect length, width or surface.
A high negative correlation was found with the
preoperative AP at the 0.01 level of significance (Pearson
r = =0.80% and r* linear = 0.654) [Figure 1]. Also
Pl was negatively correlated with PV, (Pearson
r = =0.512; r linear = (.654; F = (.006) and with ACV
{Pearson r = <0L627; r linear = 0L623; P < (.001). When
LAP was the reference, a significantly statistical difference
between preoperative and postoperative was found
P =10.004. A significant negative correlation for 2 tailed
at a level of 0.01 was found between postoperative LAP
and ACV, preoperative IAP and PV [Table 3].

Table 4 details the results of multivariate logistic
regression models. After adjustment, Pl and postoperative
LAP were shown to be independently associated with

Table 1: Demographic data of the studied patients

Caiegory n (%)
Sex
Male 15 (B5)
Femae 835}
IH Iacatian Mestian for all patiamts
Primary IH 11 pabents/B males (4873}
Recumren IH 12 patents/T males (S2/68)
1 recurence 4 patiema’? mabss (17/50)
2 reCurTencs 4 patiens’3 mabes (17/75)
3™ fecUfmencs 3 patients’? makes (13868)
4 PEcuMmence 1 patentiemabe (4/100)
Comorbidiies
= 6 patiema/d mabes (2EE7)
COPD 5 patiemsa’3 makss (Z2960)
Hypenernsion 11 pabentsT males (4664}
Diatsatas 3 patientz/males (13100)
Severity of comarbadities soore”
1] 2 patents (9)
1 2 patents (5}
2 7 patiens (30)
3 12 patenis (52
4
ASA soone
1] 19 patents (E3)
m 4 patiens (17)
B (kg )=S0 (i LT 5142 97 (25-35)

*The detailed explanation of te evaluaton of the severfy of comorbadities
soone. ¢ Mo comorbidities, 1: Asympiomatio no medical consultation in last
12 manths, 2: Stable dsease, memmisent therapy «4 consultations in last 12
months, 3 Stable dissase continuous therapy with regular medication and =4
consultations in last 12 months, 4: Progressive dissase changing and intensifisd
thiesra py and frequent consultations = 12ear. [H: ino sional hesmia, COPO: Chionic
obstrucive pulmonary disease, ASA: Amencan sooety of anesthesiclogist,
BAMI: Body mass index, 50 Standand deviation

Table 2: The values expressed as mean=zstandard
deviation for the computed tomography scan
evaluation of the abdominal wall defect and for the
pre- and post-operative intra-abdominal pressure and
volumes of abdomen

Calegary Means50 MR-
T X L
Length (crm) 16.13:3.42 11-23
Width [£m) 17.21:272 12-22
Surlace {cma) 216.4264.7 104-361
ACV e} B3TTL1721.15 S0M7-11,026
HSV () 37753474516 ZT16-4800
PV (ACV + HEV) jerm’)” 12,171.6£3070.07  B40B-15,724
P, e 1101562229335  7013-14,211
Precgerative LAP (mmHg)™ 7.821.26 8-10
Postoperative LAP (mmHg)™ 16.13:2.57 1221
Pl (IHV/PY) 0.3:0.05 0.220.4

*There is no diference betessn PY and PV, (Sludents Mest; Pe0.808), ~A
significant difference exists between the values of the pre- and post-operative
AP [Shudent's HMest P=0.004). S0: Standsed deniabion, HSV: Hemia sac volume,
ACY: Abdominal cavity volume, PY: Perioneal volume, TAR: Transwersus
abdaminis release, |AF: Inba-abdominal pressure, Pl- Pentoneal index,
HY: Incisional hesmia wolume

increased odds for higher values of width, area, ACV,
HSV, and PV.

Intemational Journal of Abdominal Wall and Hermia Surgery - Violuma 3, laaus 1, January-March 2020 T
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Table 3: The univariate analysis shows some
significant correlations * for peritoneal index and
postoperative intra-abdominal pressure

Parameter Pl ir, F) Postoperative LAP (r, )
Age -0.07, 0.743 0.047. 0.853
Onsat 0,033, 0LEH 0.302. 0.161
Lengih 0,368, 0.085 0.368, 0.068
Width 0,072, 0,682 -0.179, 0.413
Area 0219, 0.316 0.104, 0.657
ACY -0.627, <0.01" -0.502, 0.015"
HEWV 0,490, 0018 0.365, 0.065
PV -0.326, 0.128 -0.268, 0218
Pl Relerence 0.780, 0.001°
EMI 0.062, 0.770 0.067. 0.076
PV, -0.512, 0012 -0.437, 0.037
Preaparalive lAP —0.B09. <0.001* -0.784, <0.0001*
Postopetative 0.788, <0.001" Relerence
1AP

*Siatisscally signiicant. H5Y: Hemia sac volume, ACV: Abdominal caviby
walume, PV: Perfoneal volume, TAR: Trarsversus abdominis release, AP
Intra-abxdominal pressure, Fi: Permoneal index, BMI: Body mass index

Table 4: Multivariate logistic regression results

Variable Pl Postoperative LAP
OR 95%Cl P OR 85%0 P
Age 0.0F 0.00-0.01 0117 1.14 D48-259 0.B5E
Onast 1.93 1.189-2.B0 D0.022" 050 022114 0.714
Length 08 027-1.70 0071 121 048-299 0.642
Width 1.07 1.00-1.10 0.052" 101 1.00-1.08 0.054°
Area 1.04 099-1.07 D.OE5" 107 043198 0.946
ATV 09 027-220 0625 098 0.86-1.00 0.0357
HEV 281 188-3.72 0D.0D4" 097 085099 0.030°
Py 1.57 0.43-361 0144 168 1.07-252 0047
EMI 1.52 0.58-343 0479 1.11 DE4-187 D201
Posloperative 221 135345 0.001"
I1AP
P 0.97 095000 0" 247 158378 0.01°
Fl 218 1.37-3.40 0D

*Significant difference. 55% Cl: 95% confidence imersal, OR: Odds ratio,
HEY: Hemia sac volume, ACY: Abdominal cavity volume, F: Perionesal
volume, TAR: Tansversus abdominis release, W&P: Infra-abdominal pressune,
PI: Fentoneal index, BMI: Body mass index

i high negative comrelation betwesn precparative LGP and Pl
r= <0808, ped 001

& AP preop
= Lingar (l&F preop)

¥=13,68+19,54" X

0.3

a

o o1 i 04 08

Figure 1: Conlation: between prescerative inlra-sbdomieal pressurs and
periloreal s (e represents e vake of perionesl index)
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The mean postoperative PV increased to
11,015.82 = 2,154 44 cm* (ranges: 7,013-14,211 cm®). There
was no statistic difference between preoperative PV and
PV, ,, (Student’s t-test: P = 0.076; F-test: P = 0.739).

The values of the abdominal wall compliance ranged
between -133 and -18 cm®/mmHg with a mean value
of =133.51  69.51 cm’/mmHg. It was highly associated
with IHV (odds ratio [OR] = 2.7; 95% confidence
interval [CI] = 1.35-4.19; P =0.019), and AV (OR = 4.2§;
95% CT = 1.24-14.7; P = 0.0001).

Most of the PV, values were close to the PI of (L3
A high negative correlation between PI and PV, was
observed [Figure 2].

According to histogram distribution of the FI, 57% of
the patients had values ranging between (L3 and (.34
Related to these values, we considered that a FI equal
with (1.3 could be an arbitrary range to compare, so the
patients were divided into two groups: Group 1 with
FI between (.2 and (.29 (7 patients) and Group 2 with
Pl =03 (16 patients). Demographic characteristics were
similar between groups [Table 5].

When the PV and PV_, | were compared, a significant
difference was recorded in group 2 (Student’s f-test
P = (41} and no difference in group 1 (P = (L.3). The
difference between PV and PV_ | (AP representing the
necessary volume after TAR for completing PV) and
the difference between pre-and postoperatively AP
was statistically significant between groups for both
values [Table 5].

The compliance in the patients with Pl larger than 0.3
was smaller than for the patients with PI <03 and the
difference was statistically significant (P = 0.0075).
In the univariate analysis factors that influenced the
compliance in patients with PI larger than (L3 were
postoperative IAP, AV, and AP. When multivariate

035 D4

] oos o0 0 02 02% 03 0.45

Figure 2= Cormelafion between PV, and Ihe peritonesl index. The crilical vakse
far PV, it fof & perilaneal imdes of 0.3, The equstion of egression ondims e
cormelgien (y » 1.14E + 18583 « x) [x-axis repeessnls e value of perlonesl index
and y-axis e periones] volime sl ransvers.ss sbdoming elease|
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Table 5: Comparison of groups characteristice meansstandard deviation

Variable Group 1 (7 patients) Group 2 (16 patisniz) F
Pl <03 Pl =03

Age (years) 67.0:5.42 E3.0+8.76 HE
Decummence (manths) 5184262 B5.6+40.8 NS
Length {emi) 1457237 16.81:5.16 0.00019
Widhth {erm) 16.57+2.69 1754278 NS
Surtace [emd) 106 24847 297.3:54.8 NS
ACY (em) D3IAT 01067 TOE5.1+17026 ME
HEW (em) 13624401 4 A054.0:631.3 0.0004
PV [ACY + HEV) [em) 12525.2:1353.8 12,017.2:2350.0 ME
Preopesative IAP [mmHg) 9.040.5 70209 0.0001
Postoperative IAP [merHg) 15,5412 17.25:1.8 0.008
AlAP (postoperative LAP-preaperative IAP) om H O} 4T1+1.38 10.25£2.51 <0.0001
0, (ermimariHg) -70.84=45.86 -150.69+57 4B 00075
MAP mmHg 91.85+4.05 87.08:5.86 HS
Freoperalive APF {mmHg) 8285:58 80.12:6.02 HE
Postoperative APP [mmHg) 7685247 60.81:6.42 00188
EMI {lug'm) az an NS
PV, fom?) 12,150.1+1322.4 10,516.6:1322.4 0.024
AV [PY-PV,,) (e -366.1=242.9 ~1485:446.6 <0.0001
24 h pestoperalive urinary culput (mi) 1771.42+372.80 056 .25+408.10 0.058
48 h pestoperalive urinary cutput (ml) 16351642673 1721.97:598.20 NS

NE: Statstically msignificant. ACV: Abdominal canvity wolume, HEV: Hernia sac volume, PY: Pentonsal solume, AP Infra-abdominal pressuse, BMI- Body mass
index, APP: Ahdominal perfusion pressure, MAP: Mean srterisl pressure, TAR: Transwersus abdominis riln&l.c_: Abdominal compliance, Pl: Perioneal index

logistic was applied age, onset, length, width, area, ACV,
Pl, and preoperative AP were added as risk factors for
decreased compliance [Table 6].

The most decreased values of the C, were encountered
in patients with PI =0.33. If the difference of the
volumes to replace was larger than 1000 ml the risk
to have a postoperative [AF larger than 16 mmHg is
ninefold increased compared with volumes smaller than
1000 ml (OR 9.00; 95% C1 = 1.51-53.4; P = 0.0156).

The mean preoperative APP in group 1 was 8285+ 3.8
mmHGand in the Group 2, 0,12 + 6,02 mmHg (P = (L885).
Mean values were decreased postoperatively in
both groups and the difference was statistically
significant (76.85 + 47 mmHg vs. 6981 + 6.42 mmHg,
P =0.0168). APP was negatively highly correlated with
the Pl in patients of Group 2 for both univariate and
multivariate logistic regression (r = <(.724, r* = (1524,
P = 0002, OR = 484, 95% CI = 1.08-21.58, P = 0.038).
The value of the PI has no influence on the APP in
group 1 {0OR = 1.00, 95% CI = 0.017-57.31, P = 1.00). In
Group 2,11 patients with P1 larger than (0,33 developed
APP lower than 70 mmHg compared with 5 with PI
ranging between (L3 and (.33 who did not (OR 4.54,
95% CI = 1.08-21.58, P = (.037) and the difference was
statistically significant (3* = 4.5, P = 0.02).

Mo difficulties to close the abdominal wall were
encountered. The mean urinary output for 24 h from
the end of the operation was decreased with an average

Table &: Risk factors for decreased abdominal

compliance

Wariakle OR 85% CI F
Onsal 5N 1.83-13.7 o014
Age 4.5 127-15.8 D.035
Length 827 1.68-32.6 o7
Wiiih 10.83 1.87-683.97 0013
Area 10.87 1.71-60.83 o3
ACV 8.0 1.51-63.4 D.029
Fl 428 1.24-14.7 o.o13
Preoperative LAP 278 1.16-8.73 D.035

‘ihen Pl is =0.23, the risk for deoeasing of ©, increase by & fold (OR=4.78;
5% Cl= 1 771 2.63; P=0.02E). LAP: Inra-abdominal pressure, OF: Odds mbo,
Sl Corrfidence imerial, l:_l:.i.bdmnlnll oomplianoe, Pl: Pentoneal index,
ACY: Aboominal cavity wolume

of 815 ml for patients with Pl =03 (P = 0L.0002). For
the patients of Group 2, the 24-h urinary output was
strongly influenced by the PI, postoperative IAP, and
postoperative APP in both univariate and multivariate
analysis [Table 5]. After 48 h no difference was found
between groups (F = (L813).

Discussion

IH remains an unfortunate event for many patients after
laparotomy. With an increasing incidence ranging from
10 bo 63% in high-risk patients, IH is the most common
complication after abdominal surgery.!'* Despite a
large amount of innovation in surgical techniques and
technologies, prosthetic materials and more insides
into the mechanisms of IH, the short-and long-term
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outcomes remain poor. Obesity, smoking, and aging
population with multiple associated comorbidities are
the main factors contributing to the increased incidence
and unsatisfactory results of such repairs./!

A large number of IH are complicated cases, which
include large defects oreven LOD. The European Hernia
society defines LIH as defects with a width »10 cm M
For LOD no acceptable definition exists vet. In a recent
systematic review, Parker et al. reported six different
definitions for “LOD" which vary and are not
interchangeable.*! They concluded that expert
consensus is necessary to standardize this important
concept for hernia surgeons, but the best definition
is probably a volumetric one. In our study, LOD was
considered a chronic large irreducible hernia with
a large defect and a large sac in which a significant
portion of the abdominal viscera is residing outside

the abdominal cavity.

Historically, physical examination was considered
acceptable for diagnosing LIH, but nowadays clinical
diagnosis alone may result in an inappropriate surgical
management. CT is recommended as the standard
procedure not only for diagnosis but also for abdominal
wall evaluation and for the selection of repair method ¥4
This statement is also the conclusion of our study because
postoperative IAP is correlated with almost all CT scan
evaluated parameters.

However, a recent systematic review suggested that
out of 158 studies (31 randomized controlled trials,
32 cohort studies, and %5 retrospective studies with
31,874 patients), only 12% used precperative imaging
for IH characterization.™! According to this report, only
511 patients (2%) benefit from a CT scan evaluation.
Furthermore, in most studies reporting imaging
technique use, not all patients had benefit of it {only 4%
used it for all subjects preoperatively).

T scan is mandatory for labeling protocol of the
abdominal wall*" but also for the volumetric evaluation
of the IH and abdominal cavity, especially when there
is a large difference between the abdominal cavity and
content (hernia volume that needs to be restored ).

The physiologic function of transversus abdominis
muscle is the main target during posterior component
separation. It is viewed as the “corset” which maintains
the IAP and provides hoop tension through the
thoracolumbar fascia. "% The subsequent mobilization
of the underlying fascia after its release removes the
“tone” of the lateral wall resulting in a larger expansion
of the abdominal girth with medial advancement of
the rectus complex, especially in patients with wide
abdominal defects."

The impact of TAR has been little studied and only
related to core function.™" To our knowledge, there
is no study on the capability of TAR to increase
the abdominal capacity without or with minimal
consequences upon normal physiology. According to
Majumder ef al., on a cadaveric study, after a complete
TAR with large retro-muscular dissection, an average
advancement of 10 cm for the anterior fascia and
of 11 cm for the posterior fascia on each side was
obtained.”! This can provide a significant increase of
the abdominal cavity inner diameters and subsequently
an increase of the whole visceral sac volume. Our
data confirmed these increases since there was no
statistical difference between preoperative values of
the PV and after TAR volumes (PV,, ) (P = (L076). This
mean global increase of the PV, compared to PV is
strictly dependent on the ACY (r Pearson = 0.93) and
less on HSV (r Pearson = (.654). These results are in
line with the negative correlation between PV, and
PI (r Pearson = =0, 51), which indicates that the higher
the index the smaller the volume increased. As can be
seen from Figure 3, the smallest increase of the volumes
occurs at a P1of 0.3, When the patients were divided into
two groups according to P, the increase of the volumes
after TAR was smaller and inadequate for patients with
FI =03, and the difference was significant (P = 0.002).
The necessary volume to reach preoperative PV was
larger for patients with P =(0.3 [Table 4].

Myofascial release of the transversus abdominis
muscle can generate elevated IAP immediately
following repair, clearly demonstrated by our
results. All our patients developed [AH to varving
degrees: Grade 1 (12-15 mmHg) - 8 patients,
Grade 2 (16-20 mmHg) - 13 patients and Grade 3
(21-25 mmHg) - 2 patients. Mo values larger than
15 mmHg were recorded in patients with PI smaller than
1.3, These elevated IAF could be considered permissible
due to the fact that no organ dysfunction, except for
some reversible decrease of the urinary output, were
recorded. Probably maintaining of the APP above the
critical value of 60 mmHg was an important contributing
factor to the positive outcomes of the patients. In these
conditions, it can be suggested that [AH or abdominal
compartment syndrome (ACS) immediately after an
elective abdominal wall reconstruction creates a clinical
aspect that must be distinguished from the settings in
which they were originally described. The fact that [AH
decreased after 24 h postsurgery and the urinary output
retumed to physiologic values does not guarantee that
this is the normal outcome for all the patients. As there
are still no preoperative factors to suggest the irreversible
evolution towards ACS, we can consider that PI =0.33
may be the threshold from which to associate the
preaperative augmentation of the abdominal wall with
PPP and /or Botulin Toxin B.
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The assertion is based on the fact that 15 of the patients
with Pl over (.3 developed intrabdominal hypertension
of grade 2 and 3 compared with those with PI <0.3
where no such values were recorded (OR 155; 95%
(1 = 5.61-4275.69; P = (.0029). More than that, when PI
was larger than (.33, the most decreased urine output
and APP were recorded [Figure 3].

Abdominal compliance (C ) is a measure of the ease
of abdominal expansion and it is determined by the
elasticity of the abdominal wall and diaphragm.™ It
should be expressed as the change in intraabdominal
volume per change in [AP. C plays a key role in the
understanding of deleterious effects of un-adapted 1AV
on IAP and end-organ perfusion, although at present, it
is one of the most neglected parameters in abdominal
wall reconstruction. Correct measurement of C | together
with the identification of patients at risk for poor C | will
help avoiding progression from normal [AF to [AH to
ACS and its associated complications [Table 7].

There are a lot of ways to determine C | but no one is
perfect. "4 In our study, we considered that the membrane
of the abdomen responds to the linearity of Young ™ This
means that a variation in the LAV implies a proportional
variation in the LAF exerted by the membrane. This can
be expressed with the formula AP = kAV where k is a
constant of the elastance of the abdomen or the reciprocal
of the compliance k = ],-"C‘b. Replacing k in the formula
results that C  is the ratio between AV and AP.

Factors determining the reshaping properties of
the abdominal wall and diaphragm are not well
understood, but the mechanical properties are related
to C_. The stretching capacity is influenced by several
factors related to demographics and anthropomorphy,
comorbidities, and related to the abdominal wall and
diaphragm'™![Table 7]. In our study demographic factors
that influenced C, were age (decreased in younger

Table T: Risk factors associated with decreased
abdominal compliance (modified after malbrain)
Redated to anthropomorphy and demographics

Male gender

Oid age

Obesity

Android composition

Increased visceral fat

Waizt 1o hip ratio =1

Shart slature
FRalated te sbdominal wal and disghragm

Urnbilical IH repair

Muscle contractons [pain}

Ederma of the abdominal wall

Abdominalthoracic circular burms

COPD emphysema
Refated to comorbidities

Fluid cverdoad

Tense ascites

Hepato/splemomeg aly

IH: Incisional hesmia, COPD: Cheonio ohsinective pulmonarny disesss

patients), sex (decreased in males), and onset (the longer
the evolution the lower compliance). The anatomy of the
defect also influenced the values of the compliance which
was directly related to the width, length, area, ACV,
HSV, PL, and preoperative IAP. This seems logical as the
long evolution of LIH leads to lateral retraction of the
muscles, with increasing of the defect size and increasing
of the HSV. Muscular fibrosis due to suboptimal muscle
function and chronic contracture induced by chronic
low back pain are factors that influence abdominal
wall compliance and must be considered for outcome
evaluation.

All these data suggest that TAR is capable to recreate PV
without or with minimal disturbances only in patients
with PI =0.33. We can consider that when Pl is =(.33,
a local augmentation of the abdominal wall needs o be
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evaluated. This is also the conclusion of Sabbagh et al. who
demonstrated that a P1 <02 was predictive for tension-free
fascia closure; values (0.2 need optimization with PPP.=
In Sabbagh’s study, no patient was operated by TAR
approach. La Meir ¢t al. suggest that a high [HV /PV ratio
is an indication for PPF, but they did not quantify the
parameter * Tanaka ef al. reported for the first time the use
of P¥'s to determine the extent of FFF and arbitrary applied
a threshold of (L25, but no patient was operated by TAR ™

Our data suggest that a PI ranging from (0.3 to (.35 could
be a reasonable threshold for PPP in association with
TAR for LIH. Values »0.35 can be optimized by Botulin
Toxin B in association with PPP. The PPP has many
favorable effects in preventing severe complications after
abdominal wall reconstruction. By gradual increase of the
LAP, it also increases the tolerance to IHY retum during
surgery.* Abdominal muscles are gradually expended
and have a contribution to the global increase of the
visceral sac volume P Elevation of the diaphragm (even
with 10 cm) increases the ACVY and contributes in
improving the pre and postoperatively respiratory
function. ¥ Some studies report a reduction in the
postoperative surgical site infections due to a massive
imput of peritoneal neutrophils, and a reduction of the
postoperative hospitalization ™ Preumatic dissection
of visceral bands and adhesions, which facilitates the
reinsertion of intestinal loops into the abdominal cavity

is another benefit of the PPP .5

Regarding the Botulin toxin, this is a patent neuromodulator
agent produced by Clostridiieme botulimomn which specifically
binds the receptors of the neuromuscular plate and
inhibits the release of acetylcholine. The result is a flaccid
paralysis of the musce being it smooth or striate ™1 The
toxin requires 24-72 h to take effect, and the maximum
paralysis is achieved usually after 46 weeks postinjection.
The flaccid paralysis is reversible after 46 months. All the
benetits of Botulin tocin were described in several studies
and are listed in Table &=

The association between PPP and Botulin B toxin is
a complementary tool of the surgical procedure and

facilitates the integral management of the patients

Table 8: The documented advantages of the Botulin
toxin in augmentation of the abdominal wall
Lateral ruscle relaxalion - mass reduction

Aeduce lateral phyziologic farces - reduce delect

Reduce 1ension al dosure - decreased LAP

Engure subune ine proteclion - low recurmencs e
Increase muscle kength, decrease [aleral muscle thickness
Increase ransversal length ol the abdominal wall

Prirnary lascial clogure in up 1o 85%

Diecreass pain

&P Intra-abdominal pressuss

with loss of abdominal domain. Buenno-Lledd ef al.
are the first who reported a large series of LIH and
LOD preoperatively prepared with the combination of
PPP and Botulinum A toxin after a protocol in which
a PI =02 (20F%) was used in patients enrolled for such
optimization."™ The reconstruction technique involved an
anterior component separation with an on-lay mesh with
complete fascial closure in all patients. Some other studies
report similar results but further research is still necessary
in order to identify the threshold for this indication. =+

Or study has several limitations. First, it was performed
in asingle institution and the applicability of these results
should be validated. Second, the number of enrolled
patients was limited and a high number of exclusion
criteria could be a source of bias, but nonparametric
analysis shows a modal distribution for almost all
variables except for pain. Further multi-centric studies
are necessary. Third, a bias can result from the method
of calculation, but because it was done in the same
conditions and by the same person, this can be excluded.
Measuring the volumes with a software could offer
maore precise data. Another bias can result from the LAP
evaluation. The indirect measurement is being not the
maost precise method of detection. This can be eliminated
because the determination has been done by the same
investigator and in the same conditions.

Conclusions

To our knowledge, this is the first report examining
the efficacy of TAR in recreating the normal PVs. The
procedure is strongly effective when the PI (IHV over
PV} is <13 In these circumstances, the repair increases
PV without any disturbances. When the P1 is =033,
the increased AP resulted from the repair, even it was
transient and resilient, can discuss the augmentation
of the abdominal wall as an option. Further studies
are needed to establish a threshold for PPP and the
combination between PPF and Botulinum toxin as a sure
indication for abdominal wall augmentation in order to
prevent severe outcomes.

Financial support and sponsorship
Mil.

Conflicts of interest
There are no canflicts of interest.

References

1. Dhetx UA, Winkler MS, Hartel RW, Fleischhacker A, Wiegering A,
Isbert C, et ai. Imporlrmnr of recurrence ral:i.'ng, mpl‘u:hlnm:,
hemial gap size, and risk factors in ventral and incisional hernia
clas=zification. Hermia 2004;18:19-30.

2. Bower C, Roth 5]. Economics of abdominal wall reconstruction.
Surg Clin N Am H013:93:1241-53.

32 Intemational Journal of Abdominal Wall and Hermia Surgery - Volume 3, lksua 1, January-March 2020

85



10

1L

1z

13

1.

15

li.

17.

1B

Oprea, &f 8. TAR and reconstruction of peroneal volumes

Poulose BE, Shelton |, ﬁlil.lips & Moore O, Nealon W, Penson Iy,
etal. Epidemiology and cost of ventral hernia repair: Making the
case for hernda research. Hernda 2002; 16:179-83.

Muysnmu- FE, Mizerez M, Berrevoet F, Campnm]]i. G,
Ch:l.mpal.l]t GG, Chelaka E, of ol Classification of prim.:u'}' and
mcizional abdominal wall hernizs. Hernis 20091540714
Fassot G, Villeneuve L, Sabbagh C, Renard ¥, Regimbean JM,
"lrEIf'I.:I!‘EhE P, et il Defination of pﬂﬁu‘nﬁﬂhﬂuﬂﬂc\rﬂkpmﬂﬂ
of standardization through a practice survey. Int | Surg
16281 JE-4i

Deeren]:lerg; EEB, Timmermans L, Ilngemil DF, Slieker |C,
Eilers PH, Jeckel |, # al. A u-yshemal:in: review of the uu'Ei.n.'I
treatment of large incisional hernia. Hernia 2005;19:89-101.
Tsirline VB, B‘-el:,'zmk}r I, Klima DA, Henniford T. Loss of
abdomimal domam. In: Jacob BP, Ramshaw B, editors. The SAGES
Manasal of Hermia Rq:uir. Bew York: EPu'inE;EISEi.m_.'ELmi:m
Media; 2013 p. 353-70.

Parker 506, Windsor A’E.Vm'hu]}mﬁamwinEmupe:Trﬁuh
and actual situation. In: Campanedli G, editor. The Art of Fernia
Surgery. A Step-by-Step Guide. Switrerland: Springer Internatsonal
Publshing AG, Part of Springer Mahure; 1018, p. 10G-14.

D Silva G5, Krpata DM, Hicks CW, Criss CM, Gao Y, Rosen M],
et al. Comparative radiographic analysis of changes in the
abdominal wall musmalature :|'|1|:||.'|:|i|'||:|l<:g:r after open posterior
companent separation or bri laparcscopic ventral hernia
repair. | Am Coll Surg 2014 218:353-7.

Criss CM, Petro CC, Krpata DM, Seafler CM, Lai N, Fiutem |, et al.
Functional abdominal reconstruction imy res core physiology
and quality of kife. Surgery 2014;156:17682

Ventral Hermia WDEHJlSGI\DI.I.P_, Bh:uing K, Butler CE, Ferznco 5,
Frane &, Huliman OS5, al. Incisional veniral herndas: Review of
the literature and recommendations regarding the grading and
Im:hru'que of repai.r. 51|rger}- 2000 148:544-58.

Tanaka EY, Yoo JH, Eodrigues AJ Jr., Utiyama EM, Birolini D,
Easslan 5. A computerized tomography scan method for
calculating the hernia sac and abdominal cavity volume in
complex large incisional hernia with loss of domain. Hernia
1014630,

I-.r.alur:r EE. Dpen abdomen: Historical notes. In: Coocoling F,
Ivaturi R, 51.|Er|.|e M, Ansaloni L, editors. Dpen Abdomen.
A Comprehensive Practical Manual. Switzerland: Springer
Internatsonal Publishing; 1018, p. 1-26.

Novitsky YW, Elliott HL, Orenstein 5B, Rosen M]. T
ab-dominis muscle release: A novel approach to posterior
component separation during complex abdominal wall
reconstruction. Am | 51.|rE 2012047091 6.
ﬁﬂimﬁmmhﬂ.ﬂpﬂlunnﬂ}rniampairwilhm
mparal:inn.S'm'gEL'in Morth Am J01393:1111-33,

Parker SG, Halligan 5, Blackburn 5, Plumb AA, Archer L,
Mallett 5, ef al. What exactly is meant by “loss of domain™ for
ventral hernia? Systematic review of definitions. World ] Surg
1953064,

Gibreel W, Sarr MG, Rosen M, Nnt'i.tsk:,-' Y. Technical
comsiderations in performing posteror component separation
with transverse abdominis muscle rebease. Hernda 2006 2{:449-59.
Holihan JL, Alawadi M, Harris W, Harvin |, Shah SK,
Guudu'lmngh(j,r\ta]’. Ventral hernaa: Patient seleciion, treakment,
mtdmm\as;emm. Curr PmblSm'Eiﬂlé;S}jﬂ?-Si.

19.

21

24,

7

3l

33

86

Ha.'l]iE:m S, Parker SG, Flumb AA, Wood CP, Bolton BEW,
Malkett S, o @l Use of imn.g:ing for pre- and rakive
characterisation of ventral hernia: Systematic review. Br | Radiol
2851, EEFLI: 2018 March 15].

Xu Z, Asman AJ, Baucom RE, Abramson RG, Poulose BE,
Landman BA. Quantitative CT Imaging of Ventral Hernias:
Prefiminary Validation of an Anatomical Labeling Protocol. FLoS
Omne 2005106014167 1.

Majumder A, Miller HJ, Dl fnmp-u LM, Soltanian H,
Movitsky YW. Assessment of myohascial medialization following
posterior component separation via transversus abdominds
muscle release in a cadaveric model. Hernda 2008 22:657-44.
Malbrain ML, De Laet [, De Waele J], Sugrue M, Schachtrupp A,
Dachesne |, ef al. The role of abdominal :nm]:l]Lanc\c.
the neglected parameter in critically ill patients - a
consensus review of 16, Part 2: Measurement technigues and
management recommendations. Anaesthesiol Intensive Ther
2014 ;dhdD6-32

Sa'b'b.ash C, Dumant F, Robert B, Badaoul E, 'L"er]ue-ghe P,
Regimbeau JM. Peritoneal volume is predictive of tension-free
fascia dosure of large incisional hernias with loss of domain:
A Pu'mpechvr ulud.}-. Hermia 201 1;15559-45,

La Meir M, ¥ierendeels T, Foortmans M. Preumoperitoneum
in repair of giant hernias and eventrations. Acta Chir Belg
D021 02-263-5.

Dputa W, Mabei D,G'rnm'g;lrru [}, Lewca D, Buia F, Bosianu M,
et al. ngn.-s:i.-.r\e pu'ﬂ:!peral:i'l.e pm.-umnperitnnem (FFP)
as an adjunct for surgery of hernias with loss of domain.
Chirurgia (Bucur] 2014; fina

Dumont F, Fuks O, Verhaege F, Brebant O, Sabbagh C, Riboulot T,
ef al. Progressive pneumoperitoneum increase the length of the
abdommal muscles. Hernaa 2009;13:183-7.

Sabbagh C, Dumont F, Fuks [, Yzet T, Verhaeghe P, Regimbean JM.
Progressive preoperative Puruumpmbmrmn [preparation |:I:he
Goni Moreno pro‘h:mlil pnnr bo]a.'rF mcizional hernaa :
Volumetnc, mpl.'rabuq,ra.l'ui chimical b mpacts. .kpn:u]:u:nll. E!I'L'ld_'!.'
Hemis 012 16:33-40.

WillisiE:Euunp:li:k V. Unen:fpcmsrmi.\'r

in the re_pair of g;la.lu herndas. Herrda 2000:4: 105-11.
Soltanizadeh 5, Helg "\ Jorg LK. Botulinum Toxin
A as an adjunct to abdominal wall reconstruction for incisional
hemia. Flast Reconstr Surg Glob Open 017521358,
Ibarra-Hurtado TR, Nufio-Guemdn CM, Echeagaray-Herrera |E,
Robles-¥élez E, de Jestis Gonzdlez-Jaime |. Use of botalinmam boosdn
type a before abdominal wall hemnia reconstruction. World | Surg
209;33:2553-.

Zendejas B, Khasawneh Ma, Srvantit:,-'nn B, lenkins DH,
Schiller HJ, Zelinski MD. Cutcomes of chemical compoment
paralysis wsing botulinum toxin for mcisional hernia repairs.
World | Surg 2013;37:2830-7.

Elstner KE, REead JW, R-udr.isl.l.ez-.koe"edn 3, Cosman PH,
Dardano AN, Jacombs AS, ot al. Pn:npcmﬁ'vr-d'ﬂnlcalmnpumu
separation using botulinum toxin A: Enabling laparoscopic repair
ul'.:nmpkx m‘h’al}mﬂa_&u'g Endosc W17:31:76]-8.
Euu'mU:d.ﬁj,Tmes;mﬂAvBullnh:r B, Carrenn O, Carbonell F,
Pastor PG.rfaI.P:w]rmliupmgrmivrpmmnnpcﬁmmnmﬂ
botulinum toxin type a in patients with large incisional hernias.
Hemis H01721:233-43.




Hesria {1022) 26:1285-17342
hinpes:fdoiorg 10,1 007/510029-022-02563-4

ORIGINAL ARTICLE

Truncal function after abdominal wall reconstruction via transversus
abdominis muscle release (TAR) for large incisional hernias:
a prospective case—control study

V. Oprea’ ™ .M. Toma' - 0. Grad " - A. Pavel® - C. Molnar*

Fieesived: 11 November 2021 / Accepted: 30 Decerber 2021 / Published anfine: 11 Janusry 3132
©The Auther(s), under exclusive licence to Springer-Verlsg France SAS, pan of Springer Nature 2022

Abstract

Background Data about abdominal wall function in patients with incisional hernias (IH) are limited. Abdominal Wall
Reconstruction { AWR) could be beneficial for the improvement of this function. The goal of the study was to evaluate if the
abdominal wall function was restored after transversus abdominis muscle release (TAR ).

Methods We performed a prospective case—control study of 59 patients with IH equal or larger than 10 cm in their width
undergoing AWR via TAR with mesh reinforcement and complete linca alba restoration. With two simple physical tests—
Trunk Raising (TR} and Double Leg Lowering (DL ), we clinically assessed, preoperatively, | month and 1 year postopera-
tively the functionality of the abdominal wall {fexion). Patients were compared with a control group {(n=57) with an intact
abdominal wall undergoing visceral surgery through a midline laparotomy.

Results There were no differences between the groups in terms of sex and mean age. In the study group, TR demonstrated
an increase from 1.93 preoperatively o 2.44 at 1 month and 4.27, respectively, at | year postoperatively {p < 0.001}. DLL
was improved from 2.067 o 4.37 at 1 year postoperatively (p=0.016). In the control group, surgery resulted in a decrease
of truncal flexion. At 1 year postoperatively, the abdominal wall function for study group patients was almaost identical with
that the functionality of the conirol group featuring an intact abdominal wall (TR 4.26 vs 433 p=03532; DLL 4 42 vs 4.21
p=0.193).

Conclusion AWR via TAR for large IH specifically improved long-term abdominal wall muscular function.

Keywords truncal function - complex incisional hernia - transversus muscle release

Background
MNowadays, we are faced with an increased incidence of inci-
Presented at the 42nd Amnual Internativnal Congress (EHS sional hemias (IH) which can range between studies from
Wirtual), Bau'\c\eluila Froam May 281k 1o 29k 2000 in the session mine to over 50% in high-risk patients [1]. There is also an
Best Oral Paper™ increased raie of complex TH most of them featuring large
| V. Dpeea defects or boss of domain, which can lead to a profound alter-
opreacy3 L gmail com ation of the anatomy and function of the abdominal wall

[2]. The absence of linea alba affects the structural integrity
and mechanical strength of the trunk secondary to the lat-
eral muscular retraction and outside protrusion of the vis-
cera. One of the goals of the abdominal wall reconstruction
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3 the linca alba at the midline of the abdominal wall. Although
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“Constantin Papilian™ Emergency Clinscal Military Hospital, restoring the normal anatomy presumably resiores its native

Cluj-Mapoea, Romania function. this relationship has not vet been fully elucidated.
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Dynamometry has been established as a reliable and effec-
tive method for muscle force and power evaluation, but it
is expensive, technology dependent, not available in daily
practice, and studies are limited by the small number of
patients included [3-3]. We believe that for an ideal abdomi-
nal wall functional evaluation, the clinical assessment as
a routing tool should be considered. The main goal of the
study was the prospective, clinical assessment of the level
of impairment of the abdominal wall muscle function before
and after AWR via a transversus shdominis muscle release
(TAR) in patients with large incisional hernias {LIH). Recius
Abdominis Muscle being the main effectors of the abdomi-
nal wall function { AWF). especially flexion, we focused the
evaluation on this muscle. The second goal was to evaluate
the factors influencing the AWF in patients with large inci-
sional hernias.

Patients and methods
Patients
All patients with midline IH with a width of the defect larger

than 10 cm admitted in the Clinical Surgery Department
of the Military Emergency Clinical “Constantin Papilian™

Fig.1 Deagram of criteria for

Large incisional hernias

Hospital were included in this prospective controlled study.,
registered as the “study group”. Inclusion criteria were age
over 18 years, American Socicty of Anesthesiologist (ASA)
score less than four, and complete anterior fascial closure
(Fig. 1). To assess the functionality of an intact abdominal
wall. a “control group”™ of patients undergoing colorectal sur-
gery through a midline laparotomy was also included. The
Local Ethic Committee under AWF 29/0October 13, 2015
approved the study. Bascline demographics (age, gender,
Body Mass Index—BMI) and incisional hernia characteris-
tics (evaluated by a native abdomino-pelvic CT scan) were
included. The written informed consent from cach patient
was obtained.

CT protocol investigation

A native shdomino-pelvic CT scan was performed preopera-
tively in all patients. The surgeon and a radiologist reviewed
all preoperative CT scans. We removed all inconsistencies
of the measurements after the cross review. Both surgeon
and radiologist carefully identified and measured the length
and the width of the defects in their maximal dimensions.
The defect was equated with an ellipse and the area of the
defect was calculated using the formula ¥ length x 42 width
x & The values were rounded to the nearest hundred or

Assessed for inclusion in

ﬁm st e Freis within the study peried control group within the
defects >10cm study period
101 patients 90 patients
. Ty rd ™y
Mot induded n= 40 Mot included n = 29
Lateral and parastomal herntas n=17 Pre-existing hemiasn =2
Dedline n=17 Flanning stomas n= 5§
Can not attend 1 year follow-up n=6 NYHAL A n=2
Extended carcinomatoses n=3
Y Decline n=1%
. w
Included Inclsded
| hi=E1 M=E1
Leest from fiol low-up=2 Deceased =3
Lost froen folovw-up = 1
::h'd 1""::“' Finished 1-year
uaticn a ow-up duation and foll
M=55 —
@ Springer

88



Hesmia {3022) 26:1385- 1292

1287

thousand. We also measured the width of both rectus sheath
(EW). The ratio between of their sum and the width of the
defect (W) was the basis for TAR indication {Carbonell’s
equation). According to the Tanaka method, the volume of
the abdominal cavity (ACY) and of the incisional hernia
sac (IHV) are calculated [6]. By adding up ACV and IHV,
we obtained the volume of the peritoneal cavity (PV). The
ratio of IHY and PV provide the peritoneal index (Sabbagh
Index) as measurement of loos of domain [7]. A 25% cut-off
of the Sabbagh index was considered for loss of domain as
arbitrary limit in our clinic. All the values were manually
collected for lack of computer software; differences of more
than= 10% between surgeon and radiologist’s measurements
were reassessed until the agreement was reached.

Surgical procedure

The indication for TAR was established preoperatively using
the formula 2RW: DW =2: 1, where RW was the width of the
rectus sheath and DW is the width of the defect measured,
both, on CT scan. All the procedures were performed under
general anesthesia according to the technique described by
Novitsky [8]. A slowly absorbable monofilament-running
suture (2 polydioxanone) was used to close the posterior
fascia. We fixed the mesh with slowly absorbable transfas-
cial sutures (0 polydioxanone ) or with cyanoacrylate {His-
toacryl & B Braun). A slowly absorbable running suture (1
polydioxanone) closed the amerior fascia. Medium weight
macroporous monasfilamented polypropylene mesh (with the
area five-fold larger than defect area) reinforced the abdomi-
nal wall in all circumstances.

AWF evaluation [9]

All measurements were performed by a team of two examin-
ers (0% and MT), cach one performing both evaluations. For
the purpose of the study, we recorded the mean of the values.
A 10-minute break was a regular time interval between cach
procedure. Subjects wore shorts and took off their shoes to
avoid sdditional external loads.

Double leg lowering (DLL)

The subject lays supine on a firm examination table with
arms crossed over the chest and the head resting on the
examination table. The examiner places their fingertips
under the lower back of the subject. The test began with the
examiner assisting the subject to hold their feet upright. with
their knees extended to the terminal range until a 907 angle
appears between the torso and the thighs. Each subject was
instructed was instructed to keep the pelvis rotated posteri-
orly so, that the lumbar spine was held firmly to the table,

while slowly lowering the legs in a horizontal position. The
subject aims to support the pressure on the tester's fingers
under the lower back by confracting the abdominal muscles
as the legs were lowered. The subject slowly lowers both
legs until the pressure on the back hand disappears. The low-
est angle observed as the pressure is taking off, is the meas-
urement of their abdominal strength. The score is the angle
of the legs in degrees to the plane of the table as follows:

Over 41 degrees—normal = 5 poinis

Between 31 and 40 degrees—goond = 4 points

Between 21 and 30 degrees—fair = 3 points

Between 11 and 20 degrees—poor = 2 points

Between (0 and 10 degrees—trace = 1 point

Trunk raising

The subsject is lying supine on the table with hip fHexion at 43
degrees and 90 degrees for the knee. The patient raises his/
her trunk and holds it up for 207, The results depend on the
arm position the patient uses to elevate scapulae:

Hands behind the neck, scapulae clearing the table, 20-5
hold—normal = 5 points

Arms crossed over chest, scapulac clearing the table, 20-s
hold—goeod = 4 points

Arms straight, scapulac clearing the table, 10-5 hold—
fair = 3 poinis

Arms extended toward knees, top of scapulae lifting from
the table—poor = 2 points

Inahility to raise more than head off the table—trace=
1 point

The obtained scores can be combined and the composite
or total score (TS}, representing the value of the AWF, is
evaluated (Table 1).

The examination was performed precperatively. then
I month, and | year postoperatively for cach patient by the
SAME eXAMiners.

Statistical analysis

According to Bland and Altman, we perform an intra-class
coefficient (ICC, ) to estimate intra-tester reliability for
repeated measures. Reliability values were (L9%9-0.75 as

Table1 The evaluation of the

=2 pai
oompositefiotal soore (TS) TRALE 1-2 puints
resulting Ffrim the sum of the POOR 3 painis
values of TR and DLL FAIR 56 poinls
GOOD T-R paints

NORMAL Q- 10 painls
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excellent, 0.40-40.75 for fair to good, and < 0.40 for poor
results. [10].

The data were tabulated as mean + standard deviation
(5D). Continuous variables were analyzed by ANOVA van-
ance test and followed by unpaired two tails Student’s 1 test
with unequal variance; the binary outcomes were evaluated
with the ¥ 2 (chi square) test. Pearson correlation (r) was
used with the regression eguation. We set univariate and
multivariaie bogistic regression models with factors of inter-
est that could influence AWF, adjusting for identified con-
founders. The following variables of interest were included
for adjustment: age, rank of recurrence, BMI. length, width
and area of the defect. ACY, IHV, PV, length of the rectus
sheath. Multivariate models were calculated with the lin-
car logistic regression and the results were displayed with
the Odd’s ratio (OR) and the 95% confidence interval (CL).
Probahilities smaller than (L0535 are considered statistically
significant. SPSS siatistic version 23.0, 2018 (Chicago, I11)
was used to perform statistical analysis.

Results

Between November 2014 and February 2019, we included
in the study and prospectively evaluated the abdominal wall
function of 101 paticnts with large 1H (defects larger than
10 em width ). During the same period, they were compared
with a control group of 9 patients with healthy abdominal
wall operated for colorectal carcinomas. Finally, we enrolled
59 patients as the study group and 537 as the control group

who completed the examination st 1 year postoperatively
(Fig. 1). There was no significant difference between the
demographics of the groups in terms of age. gender, ASA
score, comorbidities, and BMI (Table 2). Details of the CT
scan for the study group are also shown in Table 2. There
was a significant difference between the width of the rectus
sheaths in the study group compared to control (7.61 +1.32
wy 1144207 cm; p-< 0.001).

In the study group, 10 patienis had recurrent incisional
hernias in various ranks, ranging from lto 5. The onset
of symptoms varied between 12 and 143 months, mean
4852+ 24.01.

There was a very good test—retest correlation for both
TR (ICC; =091, p<0.001) and DLL {ICC; | =0.94,
< 0.001). In control individwals, we observe a similar
degree of reliability. Bland and Altmman graphs revealed that
nio systemic bias was present. zero being included in 95% C1
{data not shown).

Patients in the study group

DLL: preoperatively the mean value for DLL was 2.1 +0.75
(1-3) (Table 3).

In univariate analysis, the main factors correlating with
poor abdominal wall function for DLL were the width of
the defect, the area of the defect. the RSW and the TAR
index. When multivariate logistic regression adjusted for
this cofounders was applied the only factor that negatively
influenced AWF was the width of the defect (OR 2.90; 95%
CI 1.32 - 6.38 p=0(L{MK). At one month after the abdominal

Table 2 Mo difference between demographic characteristics of the study and control group

Yariuhle Study group Contral group ]
N=50 N=57

Age (years)” 630+ 6.53 { 41-T8) 6384734 (43-79) 469

Gender M=33F=27 M=3/F=23 05

ASA scare 2-49 patients 2-47 patients 0301
3-10 patients 3-15 patients

BMI (Kg/m™} 32044.33 (25-48) ALE+4.3{25-48) 05

Glohal associated comurhicities 29 patients Alpatients 05

Length fcm) 18,16+ 4.00{11-2K) -

Width {cmj’ 1683 + 34K {11-28) -

Areafcm?)” 24272+ 85.61 (104-528) -

Abdominal Cavity Volume (cm’) (ACV) AZ14.81£1379.4] (6683-12,138) -

Hernia Sac Valume (cm”) (HSV) 415162 £ K55.63 (201 7-5983) -

Feritoneal Volume {cm’) (PV = ACY 4+ HEV) 13,345,080 + 203%_24( ET00-18.121) -

Sabhagh Index (HSVIPV) * 0.3 00036 (0.23-0.39) -

TAR index{width/2xR 5W sum)’ 2.23+0.4(1.44-3.20) -

Reclus sheaths width sum{RSW) {om)” 761+ 1.32 (5-10) 1144207 (9-15) <0001

ASA srore American sociely of anesthesiologists score; BWY body mass indiex
"Dtz of CT scan anstomy of the patients with LIH expressed 25 mean + standard deviation (SD); in brackets minimal and maximal range valoes
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Table 3 Comparable values for DLL and TR according o0 the moment of clinical functional evalustion

Duouhble leg kewering (DLL)

Trunk raising (TE}

Study group (V=51

Contral group (%=5T)

Study group (¥=359) Contrl group (¥=5T)

Preoperatively 21+0.75(1 =3 4334054 (3 - 5)
I momth 2A5+0.75(1 =4) 1LES+0.54 (1 = 3)
I year 4.37+0.64 (3= 5) 319+0.61(3-5)

19807 (1 = 3)
244+0B1(1 =4)
427 +0.66 (3 - 5)

431053493 - 5)
1.74+05{1 =3
IYEL056 {3 - 5)

Data expressed as means +standard deviation (800, In brackets minimal and maximal values

wall reconstruction, DLL increased to a mean of 2.45+0.73
(range 1-4) (statistically insignificant—p =0.3J comparing
with the preoperative recorded value). The increase was
significantly statistic at 1 year postoperatively when DLL
record a value of 4.37 % (0L64 (range 3-3) (p= (0L 7 com-
paring with preoperative value and p=0.0{4 comparing
with | month value). At the end of the study. 53 patients {out
of 59) were recorded with good or nermal abdominal wall
functionality; the difference with the preoperative figures is
significant (y*=11.71; p=(0L00IT).

TR: preoperatively had recorded mean values of
1.98 + (.7 {range 1-3) and no patient developed normal
range values for this test. Similar to DLL, in univariate
analysis, the main factors correlating with poor abdominal
function for DLL were the defect width and area, the RSW
and the TAR index. When multivariate logistic regression
adjusted for this cofounders was applied the only factor that
negatively influenced AWF was the width of the defect (OR
13.1: 953%C1 7.76 — 22.27; p=0.0007}). There was an insig-
nificant increase of TR values at 1 month postoperatively
(mean 2 44 +0.81; p=0.071 ) and a significant one at 1 year
postoperatively (4.27 % 1.33; p=0.002) {Takle 3).

Preoperative total score (T3) values ranged from 2 o
6, with a mean value of 4.00+ 1.33. According to these
recorded values, 38 patients {(63% ) show rrace and poor
abdominal function; these values improved significantly
one year after abdominal wall reconstruction to B.73 +0.9;
p=0.000y (Fig. 2). At all, after reconstruction, 37 patients
regained normal function (63%), 21 paticnts returned o
good function (36%), and one patient was with fair func-
tion. There was no correlation of the preoperative total
score with age (r=-0.180; p=0173); paticnts younger than
6l years (13-22%) developed the same dysfunctionality of
the abdominal wall like the older than 60 (4.11 4022 vs
398 +0.4, p={.44). However, gender, onset of symptoms,
and recurrence rate were not correlated with the degree of
abdominal functionality.

Patients in the control group
No abdominal wall dysfunction was observed at the preop-

crative assessment for both DLL and TR (Table 3). Total
scores revealed good or mormal function in all patients. At

WOk E oD W@

TS 1 month

o
TS jpracp
Ity

TS 1 ymar

. control Liramar {rtvihy]

Fig.2 The evolution of the total score i the study and contmd group
accordmg b the moment of functional evaluaton. Data represented
as mean and smdard deviation (SDN. Note the ascendant value of the
TS5 for the study group (dotted line). The difference was significand
between values at all moments of evalustion (f-Student @< 000001
for precperatively, 1-month and 1-year comparisons). Despite better
preaperative funciion, patients from control group recovered worse at
Il year pustoperatively than study group

1 month evaluation, both DLL and TR registered decreased
values that were partially recovered after 1 year postop-
eratively: the difference was statistically significant for
all values and for Total Score ( 864 4 0.85 vs 7.8%9 +0.95;
P 0001, After the first postoperative year only 12 patients
achicved normal abdominal function compared o 29 (31%)
before surgery {x1= 14.37; p=0.NM); 41 were with good
function compared to 28 (y* = 19.5; p= (LI ¥). Four of
them remained with a level of fair functionality.

Study group vs control group

Preoperatively, patients who underwent abdominal wall
reconstruction had lower preoperative abdominal wall
functionality compared to patients with oncologic surgery
{p = 0.0005). Both DLL and TR showed statistically sig-
nificant difference in favor of controls. All patients in the
controd group showed rormal or good function; while in the
study group, no patient recorded values for normal function-
ality (Table 3).

At 1-month postoperative follow-up, a significant differ-
ence for DLL and TR is recorded in favor of the patients
from the study group (2,435 £ 075 vs 1ES+=0.54 p< LM,

) Springer
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respectively, 2.44 +0.81 vr 1.74 £ 033 p <L ). Mean
value for total score (T5) at | year postoperatively was sig-
nificantly increased in patients who underwent 1H repair and
the difference was significant (p < 0.007) (Fig. 2).

A number of 58 patients from the study group developed
good or mormal function compared to 53 from the study
group (11=|5.2: p=0.041). When the ratio between postop-
erative and preoperative TS is evaluated, a mean increase of
over 200 in AWF is recorded for the study group patients
{ 2.43+0.93); on the other side, patients from the con-
trol group recovered only 90% of their initial functional-
ity {24 patients recover or excecded their initial function)
(0.91 = 0.93). The difference was significant (f-Student
P 0.0007).

Discussion

Large incisional hernia (LIH) is a complex biological and
surgical burden, which can lead to profound alterations in
the anatomy and function of the abdominal wall (AW} due
to the loss of medial tendinous insertion (linea alba) and
lateralization of the rectus abdominis muscle complex [4].
This fascial separation leads to abdominal muscle shorten-
ing and relative unloading particularly of the lateral muscles
whose insertions are lost and are associated with reversible
pathological changes ( disuse atrophy. decrease in muscle
fiber size, shift in muscle type distribution, and alierations
of muscle mechanical properties) [11-13].

Besides causing pain, risk of severe complications (bowel
obstruction). and poor cosmesis. LIH negatively affects daily
activitics and quality of life [14]. One of the important roles
of the abdominal wall muscles is to provide the trunk stabil-
ity and postural support during limb movement.

The evaluation of abdominal wall functionality {AWF)
seems o be an important measure for assessment of the out-
comes of different techniques of surgical repair but shjective
measurements are difficult to be obtained for the current
practice(expensive, technology dependent. difficult explora-
tion ). AWF needs to be proved other way than assessment of
recurrence rates, quality of life scores, andéor patient gues-
tionnaires. One of the major barriers in studying muscle
functionality is choosing the optimal method and parameter
to represent it [4, 14].

Dynamometry has been established as a reliable and
cffective methed to evaluate AWF both with static and
dynamic work [4, 14]. Validation studies in patients without
incisional hernia or loss of domain have been performed but
the data from incisional hernia patients are scarce and the
number of investigated patients is too small to have sound
conclusions. More important, most of the results are from
the same centers or investigators [3, 3, 15, 16]. Despite offer-
ing an objective approach with less subjective interpretations

41 Springer

bias, the method is highly expensive and has limited flex-
ibility for conducting tests in other locations.

W decide to use clinical tests because they were vali-
dated in a recent study [17]. Even so the clinical tests may
not be accurate enough and considered inferior, they were
also validated in our study (excellent interclass reliability),
wiere mostly without costs, casy to apply. casily accepted and
performed by the patients. This is the reason we considered
them an adequate instrument for evaluating patients with
LIH and not only. We demonstrated a severe alteration of
the abdominal wall muscle function in patients with LIH:
our regression model indicated that width of the defect was
the only significant predictor for poor performance. These
results are in accordance with the study of Strigdnd K et al
whio demonstrated with dynamometric evaluation a decrease
of functionality in patienis with hemnias larger than 10 cm
wide [3]. As the area of the defect increases, there is a pro-
portional decrease in the AWF. paticnts with defects rang-
ing from 10 to 13 cm width have altered but better AWF
comparing to paticnts with defects larger than 13 cm and
the difference was significant. There is such a strong cor-
relation that it seems safe to conclude that the width of the
defect is the most important determinant for the degree of
lost function.

We also demonstrated an almost full recovery of the
AWF after abdominal wall reconstruction (AWE) via pos-
terior component scparation with transversus abdominis
muscle release (TAR) and this improvement is superior to
the control group patients. A greater isokinetic strength was
obtained by denHartog et al after re-approximation of the
linea alba comparing with IFOM [15]. All these, demon-
strates that abdominal wall functions better with the muscles
brought together. We do not have a valid explanation as to
why we do not find no correlation with age and gender. Even
if we split the patienis in age and gender related subgroups,
the differences in the values of AWF were not statistically
significant. The literature has controversial studies, with
and without these differences but data cannot be extrapo-
lated because the results were from healthy patients’ not TH
paticngs [ 13-20].

The inferior results in the conirol group were similar with
Jensen's study but there is no explanation for such results
[3]. Probably, the presence of mesh is a sound support for
an effective collagen deposition. In addition, we can hypoth-
csize that there is an alteration in extracellular matrix forma-
tion and/or remodeling during wound healing. induced by
the oncologic disease.

The clinical strength tests used in this study rely on
resistance provided by the gravitational forces associated
with the head, neck, trunk and lower extremities. DLL
was superior to the TR, becanse assesses the ability of
abdominal muscles to stabilize the pelvis in a posterior-
tilted position against an external load imporied by the
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lower extremities as they lowered from a standing vertical
position [21]. Proper DLL performance reqguires palpation
of & bony landmark to ensure that the abdominal muscles
are functioning in a stabilizing role. The measurements
can be con founded by two anatomic factors: first, the vari-
ation in size of the gluteal mass, which precludes standard
positioning of the pelvis and second, the relative disten-
sibility of the hip flexors muscles, which can perform the
DLL without a stabilizing contribution from the abdomi-
nal wall, muscles (18.21).

Our study 15 not without limitations. First, the method it
is mot validated with a gold standard but to our knowledge,
there is no gold standard for AWF assessment. Second, we
do not investigate for the low back pain, usnally present
in patients with LIH, so the results can be biased by this
component of a poor abdominal wall function. Another
limitation is the absence of a group of patients with a
bridged repair; in our expericnce, with only ten patients, a
too small sample size was not to be considered. Lastly, no
CT scan was performed at the end of the study to evaluate
the difference of the compensatory hypertrophic response
of the abdominal wall muscles.

Conclusions

This study demonstrates that the width of the defect is
the main determinant for a poor AWF before surgery. The
significance of midline reconstruction is obvious for AWF
improvement after a correct reconstructive procedure with
preservation of the neurovascular bundles and large mesh
in a retro-muscular position. Finally. clinical studies—
DLL and TR—can be used in daily practice—due fo their
validation—as sound and safe instruments for assessment.
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Abstract

Introduction Among many other technigues for Abdominal Wall Reconstruction (AWR). posterior component separation
with Transversus Abdominis Release (TAR). continues to gain popularity and it is increasingly used with promising long-
term resulis. Our goal was to evaluate the influence of TAR with mesh retromuscular reinforcement on the intra-abdominal
pressure (LAP) and respiratory function in a series of patients with complex incisional hernias (IH).

Methods Since November 2004 through Febroary 2019, patients with TAR were identified in the Clinical Department of
Surgery database and were retrospectively reviewed. Ouicome measures include: demographics, pre- and perioperative
details, preoperative and postoperative LAP and platean pressure (PP).

Results COmne-hundred-and-one consecutive TAR procedures (19.7% from all incisional hernia repairs) were analyzed. Mean
age was 63 years with a mean Body Mass Index (BMI) of 31.85 kg-'mz (25-51). Diabetes and Chronic Obstructive Pulmonary
Disease (OOPD) were the main major comorbidities. Mean hernia defect area was 247 em” (104528 cm’.

Conclusion TAR is a safie and sound procedure with acceptable modifications of the LAP morbidity and recurrence rate when
correctly performed on the right patient.

Keywords Complex incisional hernia - Posterior component separation - Transversus Abdominis Release - Intra-abdominal
pressure - Abdominal perfusion pressure - Plateau pressure

Introduction

There is strong evidence that incisional hernias (IH)
increased in their incidence despite all modern technigues,
technologies and surgical “know-how™ [1, 2]. More than
that, complex IH as defined some years ago by Slater et al..
also increased their incidence [3]. This leads to several
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serious challenges: a technical one, because in such patients,
it is difficult to achieve the goals of the abdominal wall
reconstruction (AWR), and a post-operative one, due to
increased wound morbidity (surgical-site occurrences and
surgical-site infections), increased intra-abdominal hyper-
tension, respiratory failure. abdominal compartment syn-
drome and even mortality [4].

There is also strong evidence that mesh repair is compul-
sory and also that the sub-lay mesh positioning is the golden
standard |5, 6]. According to this evidence, the “golden
standard” Rives-Stoppa repair is not always a valid option
in complex IH due to its limited anatomical and physiologi-
cal resources for reconstructing the abdominal wall with
adequate tension. The recently developed posterior compo-
nent separation with Transversus Abdominis Muscle Release
{TAR) seems o fulfill the goals of the AWR. By its lateral
extension towards the semilunar line, TAR ensures a large
space in the pre-peritoncal retro-muscular plane for a large,
ordinary polypropylene mesh. Due to preservation of the
neuro-vascular bundles of the rectus muscle, release of the
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“hoop™ tension, and closure of the anterior rectus fascia in
mare than 95-%E% of the patients. TAR re-establishes an
anatomical and physiological sound abdominal wall [7].

There are few studies on large series of complex inci-
sional hernias so. our goal was to evaluste the impact of the
anatomy of the abdominal wall defect and of the abdominal
wall reconstruction via TAR on the post-operative abdomi-
nal wall physiology in terms of intra-abdominal pressure
(IAP) and pulmonary pressure expressed as platcan pres-
sure (PP).

Materials and methods
Patients

After obtaining Institutional Ethics Committee approval, a
retrospective review was conducted to analyze relevant vari-
ables, which included patient demographics, hernia charac-
teristics, operative details, and postoperative outcomes. The
main outcomes of interest were intra-abdominal pressure
and platean pressure. All files of the IH patients admitted
between Movember 20114 and February 2019, were retro-
spectively analyzed. Complex IH was defined according to
Slater et al. criteria [3]. Large IH was defined as a ventral
IH with & fascial defect = 10 em width with or without mesh
recurrence; lateral incisional hernias were also included.
Patients with class 1V Wentral Hernia Working Group
(WHWO) classification [ 8] and emergent presentations weres
excluded. Patients” written informed consent was obtained
before surgery.

CT protocol investigation

All patients were preoperatively evaluated with a native
abdomino-pelvic CT scan. All pre-operative CT scans were
reviewed by the surgeon and a radiologist. After the cross-
review, all inconsistencies of the measurements were elini-
nated. The length and the width of the defects were identi-
fied in their maximal dimensions and carefully measured. In
mast of the patients, the defect was equated with an ellipse
and its surface was calculated using the formula ¥z length
x ¥z width ® & The values were approximated to the near-
est hundred or thousand. When multiple associated defects
were detected in various position and different dimensions
(upper right quadrant and medial}, the larger was considered.
The width of the both rectus sheath (RW) has been also
measured. The ratio of their sum to the width of the defect
(W) was the basis for TAR indication {Carbonell’s equa-
tiom} [9]. The volume of the abdominal cavity (ACV) and
of the incisional hernia sac (IHY ) was calculated according
to Tanaka method [10]. The peritoneal cavity volume (PV)
was obtained by adding up ACV and IHV. The peritoneal
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index was calculated as the ratio between IHY and PV, All
the values were manually collected because there was no
computer software; differences larger than + 10% between
surgeon’s and radiologist’s measurements were reassessed
until an agreement was reached.

Preoperative optimization

Patient optimization included smoking and tobacco use ces-
sation 1 month prior to elective surgery, glycemic control
ensuring an HbAle level less than 7% and improvement of
cardiovascular and ventilatory capacity. Mutritional status
was corrected until adequate bevel of total proteins, albumins
and ioms were achieved.

Functional evaluation

Respiratory function was evaluated by computerized spirom-
etry (vital capacity—VC in ml, forced expiratory volume—
FEW¥1 in ml, and the ratioc between them—FEV LMVC) hefore
surgery and 1 month after abdominal wall reconstruction
50 as to avoid errors and bias induced by incomplete deep
breathing as a consequence of an unhealed abdomen. Moe-
mal values or predicted values were calculated according to
age, sex and height. When FEVY | was below 83% from the
predicted value, an obstructive pulmonary disease was con-
sidered and it was stratified as follows: mild—when FEV,
is 3% of the predicted value; moderate—FEVY, ranges
between 50 and 79% of the predicted value: and severe—
with FEV, between 30 and 49% of the predicted value. Nor-
mal value of FEV1/VC was considered around 75% or (.75,
When VT was decressed but the ratio was normal, a restric-
tive lung insufficiency was considered and was attributed to
the abdominal wall defect among other pathologies.

Intra-abdominal pressure

The standard method for indirectly measuring IAP is to
measure the intra-vesicular pressure [11]. Briefly, the blad-
der drainage system was clamped just distal to the conmec-
tion of the urinary catheter to the drainage bag. An [8-gauge
needle was then inserted into the sampling port and con-
nected via a sterile tube to the pressure transducer using
twin three-way stopoocks. A standard infusion bag of normal
saline was attached to one stopoock, and a 60-ml syringe was
connected to the second stopeock. Sterile saline (S0-1000 ml)
was injected into the bladder. Measurements were taken at
end-cxpiration while patients were in complete supine posi-
tion and with the transducer zeroed at the symphysis pubis
level. Intra-abdominal pressure was recorded before surgery,
immediate after the end of the procedure. 24, and 43 h after
TAR on the awakened patient. Intra-abdominal hyperten-
sion (LAH) is defined by a sustained or repeated elevation
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in IAFP =12 mmHg. IAH was graded as follows: Grade 1.
IAP=12-15 mmHg: Grade I, lAP = 16-20 mmHg; Grade
IIL, IAP=21-25 mmHg; and Grade IV, IAP> 25 mmHg
[1Z]. Likewise, abdominal compartment syndrome (ACS)
was defined as LAP> 200 mmHg in combination with at least
one organ failure. In sddition, abdominal perfusion pressure
(APF) was calculated by subtracting AP from mean arterial
pressure {MAP) measurements. Mean APP < 60 mmHg was
considered abnormal.

Plareau pressire (Fpygyr) is the pressure applied to small
airways and alveoli during positive-pressure mechanical
ventilation. It is measured during an inspiratory pause on
the mechanical ventilator and it was recorded after 20 min of
the onset of the procedure and 20 min after the anterior fas-
cig was closed. The difference between first and last record
of the platcau pressure was noted as A platcau pressure.
When the difference exceeds 6 mmHg, the patient was kept
intubated for 24 h.

Procedure

The indication for TAR was established preoperatively using
the formula ZEW: DW=2:1_ All the procedures were per-
formed under general anesthesia secording to the technigue
described by Movitsky [13. 14]. For the posterior fascia clo-
sure, a slowly resorbable suture (2-0 polydyoxanone) was
used as a running suture. Mesh was fixed with transfascial
slowly shsorbable suture or with cvanoacrylate (Histoscryl™®
B Braun}. Anterior fascia was closed with a running slowly
absorbable suture {1 polydyoxanone). When repairing a
mesh recurrence. the mesh was completely removed when-
ever possible. Monofilament macroporous medium-weight
polypropylene mesh was used for all circumstances when
the anterior fascia was completely closed. When the linea
alba could not be restored, a heavy weight polypropylene
mesh was used.

Follow-up

Patients were followed up 1 month, 6 months and vearly
after TAR by direct examination if possible. For the goals of
this paper. anly 1 month follow-up was considered.

Statistical analysis

Data were tabulated as mean + standard deviation (sd).
Continuous varables were analyzed by ANOVA variance
test followed by unpaired two tails Student’s r test assum-
ing unequal variance and the binary outcomes with the 3
test. Pearson correlation (r) was used with the regression
equation. Multivariate logistic regression models were built
with PIL, IAP as the outcomes of interest for major determi-
nanis of severe postoperative complications, adjusting for

identified confounders. In addition to the variables of inter-
est, the following were included for adjustment: age. rank of
recurrence, severity of comorbidities score, body mass index
(BMI), length. width and area of the defect, ACV, IHV, PV,
and postoperative intra-abdominal pressure. Multivariate
models were calculated with the linear logistic regression
and the results were shown with the Odds ratio (OR) and
the 95% confidence interval (Cl). Probabilities smaller than
0.05 were considered as statistically significant. SPSS sta-
tistic version 23.00, 20018 (Chi, Ill) was used to perform the
statistical analysis.

Results

All data had a normal distribution {one-sample Kolmoge-
rov—Smirnov and one-sample Chi-square tests). In the
referral interval, 306 patients with IH were operated in the
Department of Surgery. OQut of these, 101 (33%) meet the
inclusion criteria and were operated by TAR. Demographic
data and preoperative hernia charscteristics are represented
in Table 1.

Tahle 2 outlines the CT scan characteristics for all TH.

Mean preoperative VO was 2122094 +317.24
(1675-2900) ml. All values were lower than the predicted
with 3 to 404%. In 31 patients, the reduction was between
3 and 17%, in 22 patients from 18 and 24%, in 31 from

Table 1 Demographics and preoperative hermia characleristics

Charsciernstics'variahles Bean + standard deviabon (min-maxj

MNumber of patients/gender 101S 45 males

Age (years) B3 TR+ 6.78 (43-79)
Omnset of symploms (months) 61 4%+ 35.3 (12-14E)
BMI (kgfm®} 31LB5£4.57 (25=51)
ASA I-E7 patienis: 3-14 patients
Co-marbidities (usuoally mare 37 patients
than 1) diabeles
COPD I7 patienis
Active smoker I7 paticoils
Retired smokers 1% patienis
Cardiac 51 patienis
Immume suppression 1 pati=nt
Hernia kocation Medial—%) patients
Parastomial— patients
Lateral—7 paticnts
RLUQ—4
ELQ—3
Primary IEH T4 paticoils
Fecurrent TH 37 (22 mesh recurrences)

M body moss index. A%4 Amencan Society of Anesthesiologisis
Score, COPD chronie ohstructive pulmonary dsease, REQ right
upper guadrant, BLE right lower quadrant, /4 incisional hernia
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97



Hemia

Table 2 Computed tomography variables of incisional hernia anat-
oy

Table3 Intra- and post-operative characteristics of the pressure vari-
ahle

Variahles Bean+ dandard  Minimum/mas mum
deviation {sdj

Length of the defect (cm} 18.24 +4.11 11=28
Width of the defect (em) IT.I8+£320 11-28
Area {cm) HT1Z2+T7003 104-528
Recius sheath width (sum) 778+ 1.22 510

(em)
TAR index (DW: EW) 1254047 1.37=ik
ACY jem®) 920715+ 14523 5017-12,138
IHV {cm®) 4231 + 80096 2017-54983
PV {ACY +THV) {cm’) 13,521 £ 199007 B498-18,1Z21
P (ACYIPV) 0307 £0.03 0.22-0.41

TAR Tramsversus Abdominis Release, ACY abdominal cavily volume,
THV incisional hemia volume, PV peritoneal volume, PN Peritoneal
Index

25 to 34% and in 17 over 37%. A srongly negative Pear-
son correlation was found between the length of the defect
(r=— 0.103; p=0.305), width of the defect (r= — (0L.321;
p=0.001), and preoperative platean pressure (r= — 0.201;
p=0.044). Even if the absolute value of r was not highly
significant, the distribution of the plots around the regression
line argued this statement (data not shown ).

Preoperatively, the value of FEV| was decreased
in all patients with 5-41% than predicted value (mean
1581.92 « 267.09 ml; minimum 1055 ml; maximum
2340 ml). According to FEV, values, 32 patients were
without respiratory insufficiency {reduction of FEV, with
9-19%) and 6% paticnts with respiratory obstructive and
restrictive sympioms {reduction of FEV, with 21-41%).
Width of the defect, area, IHV and preoperative plateau
pressure were negatively influenced FEV, decrease (width
r=— (.220; p=0.027, area r= — 0.209; p=0.036, IHY
r=—0.205; p=0.04 and platean pressure r=— (.247;
p=0.013).

The value of mean preoperatively FEV, VO was slightly
decreased compared to normal value (0L7120.1). In 38
patients with normal ratic, both VC and FEV | were equally
reduced and all these patients had large volumes of the
incisional hernia sac (IHV). This was demonstrated by a
significant negative correlation with the IHY (r= — (.226;
p=0.023). Extreme lower values of the ratio ((1.46-0.64)
were encountered in 23 patients: 38% were known with
COPD and for them, the ratio was decreased due to the
extreme decrease of FEV . For the rest of them, the ratio
was decreased due to the both components.

At | month postoperatively, VC increased to a mean
of 2785.64 + 3535 (min 2000-max 3600} ml; compared
with the preoperative value, the difference was statistically
significant { Student’s 1 test—p < 0.001; ANOVA F=3.024,

&) Springer

Wariahles Mean +stand-  Mani-
ard deviatiom mamy
(sd) M Emum
Preoperative plaleau pressure {mmBHg) 1488 +3.56 10-22
Postoperative plateaw pressure imm Hgd 19%+4.16 12-30
& platean (mmHg) 5034127 2-9
Postoperative IAP (mmHg) 14.64 +2.83 10-20
POD 1 1AF (mmbg) 18.17+2.54 12=25
POD 2 IAP (mmHg) 1587+ 1.79 11=20

TAR Transversus Abdominis Belease, AP intra-abdonuinal pressure,
A plmtern difference between postoperative and preoperative plalean
pressune

p=<0.001). FEV, also recorded increased values ranging
from 1300 o 2800 ml and a mean of 2092.3 +335.9 ml.
The difference was significant in relation with the preop-
erative value (Siudent s 1 test—p < 0.001; ANOVA F=2158,
p=0.001). Related to the predicted values, the decrease
was lower than the preoperative both values with 2-27%.
In patients with COPD, the increased of FEV | was almost
zero; comparing the means of this subgroup of patients,
the difference was insignificant (Srudent’s 1 test—p =0.327;
ANOVA F=127; p=0.211). A significant increase of
FEV, was documented in 52 patients with restrictive res-
piratory insufficiency in whom this was with over 400% to
precperative values (Studen s 1 test—p < 0L001; ANOVA
F=4.19 p=0.002). Mean postoperative FEV | /'WC ratio
was (.74 + 0L07 (min 0.54—max 0.9); the difference was
significant compared to preoperative mean ( Studens’s §
test—p < (LO01; ANOVA F=3.19 p=0.006). Postopera-
tively, the number of patients with normal ratio (64) was
higher than the preoperative one (43) and the difference
was significant (Chi-square test F=238; p=0.0017).
There was no modification of the ratio in patients with
COPD, postoperative values being almost similar with the
precperative ones.

Preoperative intra-abdominal pressure varied between 4
and 9 mmHg with a mean of 6.15 = 1.56 mmHg. In a uni-
variate analysis, preoperative LAP was strongly negative cor-
related with the width of the defect (p=0.029), area of the
defect (p=0.019), IHY (p<0.001}, and with P1 (r=—0.803,
¢ lincar=0.6, p < 0.001). When the logistic regression was
applicd, the only valid correlation of the preoperative IAP
was with the PI {OR =182, 95% CI 1.04-3.18, p=10.032)

Intra-operative findings are detailed in Table 3. There was
no difference between preoperative and intra-operative val-
ues of the defect (data not shown ).

In 11 patients with a TAR index between (.32 and (b4,
the posterior fascia could not be closed, so a peritoneal flap
in five patienis and an omental patch in the rest of them
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was used to separate the mesh from the abdominal content.
Mo biologic or absorbable meshes were available. Anterior
fascia was completely closed in %4 patients (93%) and for
the rest of them, a bridged repair with mesh fixation to the
edges of the defect was performed.

Immediate postoperative IAF ranged between 10 and
20 mmHg with a mean value of 14.64 mmHg and it was
significantly higher compared to the preoperative value
(Student’s ¢ test—p < 0.001). All patients developed intra-
abdominal hyperiension in varying degrees: grade [
(12-15 mmHg—63 paticnts, and grade if (16-20 mmHg)—
38 patients immediately after the end of the procedure.

In the first postoperative day (FOD 1), IAP increased to
& mean value of 18.17 mmHg (statistically significant com-
pared to the mean value recorded immediately postopera-
tively; p=(0LE] 7 Student’s ¢ test). The distribution of patients
according with the grade of LAH was also changed: grade
I—22 patients, grade I[—A42 patients and grade [11—37
patients. Mo organ dysfunction was recorded. urinary output

63
22
10 I
o

grade |

Fig.1 Dastributson of patienls
in rebation with the level

of imtra-abdominal hyper-
tension (LAH) Grade 1.
IAF=12-15 mmHg: Crade I1.
IAF = 16=-20 mmHg: Crade
IIL, IAP=21-25 mmg; iF
immediaie afier the end of the
procedure, PO | posiopera-
ive day 1. PO 2 posioperative
day 2

2 &8 & & B 2

being in normal rnge for all patients. Values of the LAP for
the second postoperative day (POD2) and of the urinary out
are represented in Fig. 1.

In Table 4 are listed the main variables correlated with
the postoperative LAP in the univariate analysis. Because
all data were outside confidence interval of the linear
regression equation, even if the statistical significance was
high, a binary logistic regression was performed. The only
variables correlated with the postoperative IAP were IHV,
PL, E5W, and preoperative LAP. Data are shown in Table 4.

The mean value for the postoperative platcaw pres-
sure was significantly higher than the mean value before
abdominal wall reconstruction (p < (.01}, For 17 paticnts,
the difference between postoperative and preoperative
value of platean pressure (A plateau) was over & and they
were kept intubated for 24 h. Before extubation, the value
of plateau pressure was almost similar with preoperative
values (data not shown). The same factors that control IAP
are also determinants for plateau pressure in the univariate

42
38 39 17
14
a I a o o
grade IV

grade Il grade 1l

miF0 mPOD1 mPOD2

Table 4 Significant Faclors
influencing postoperative
imtra-ahdommal pressure {LAP)

Postoperative [AP (umivari-
ale analysis)

Postoperative IAP (logistic regression)

[{umivariate analysis and logistic

Lengih of the defiect
regression |

Width of the defect

Area of the defect

ACY

IHY

Pl

Preoperative LTAP

Rectus sheath width (sum)

r=01.356; p< ({01
r=0242; p=0L015
r=03%5; p< 001
r==—10.155; p=0.122
r=0L468; p<ui]
r=0.T71k p< 0001
r=—{L634; p<0.01
r=0.0%; p=10341

OR 0.2; 95% Cl=0L1-0.5; p=0.8

OR 0.4: 95% Cl=0.1-0.T; p=0.08

OR 1L4; ¥5% Cl=0.2-0.T7; p=iL6

OR 0.2: 95% Cl=0L1-0.5; p=0.8

OR 1.12; 95% Cl=0.91-2.13; p=0.002
OR 0.78; #5% Cl=0.45-137. p=0.011
OR (0L85; 955 Cl=048-1.49; p=0.020
OR 109, 5% Cl=0.61-193; p=0L014

ACY ahdominal cavity volume, IV incisional hemia volume, PI Peritonea] Index, OR odd rtio, 85% CF

oonfidence interval

) Springer
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Table 5 Signilicant Bctors influencing postoperative plateau pressure (univariale analysis and bogistic regression)

Yariables Postoperative plateau pressure (univariale Posloperative plabeau pressure (kogistc regression)
amalysis )

Length of the defect r=0.197,  =0.039, p=0.049 OR 0.2, 95% Cl=0L1-0.5; p=05%

Wdth of ihe defect r=0213, ~=0.043, p=0.041 OR (L 95% Cl=0.1-00.9; p=103

Area of the defect r=0.220, F:D.Dﬂlﬁ.p:ﬂ.ﬂ!? OR (L 85% Cl=0.1-0.5; p=10%

ACY r=—0201, =K, p=0.044 OR 0.2, 95% C1=0.57-3.06; p=00007

IHV r=0301, F/=0.091, p=0.002 OR 1.19; 95% Cl1=0.52-2.73; p=0.019

F1 r=0551, F*=0.350, p=0.001 OR L6d; 95% Cl=0.068-3.9% p=0001

Precperative LAF r=— ﬂ.fﬂ.f:ﬁ]ﬂ.p:ﬂ.ﬂﬂ] OR 0.1 95% Cl=0.1-0L.5; p=10%

Postoperative LTAP r=0658, r"=|1-133-.p=|1m| OR 1.09; 95% Cl=0.48-2.45; p=0.022

Rectus sheath width (sum) r=|11].'|'.r"-'=I1M-1-.p=EI.IJrII OR (L4 95% Cl=10.1-08; p=0.07

ACK abdomina] cavity volume, IHV incisional hernia volume, P Periboneal Index, 08 odd atse, 95% CF confidence interval

analysis but after binary logistic regression only, ACWY,
IHY, Pl and postoperative [AP remain as significant
(Table 5).

Thie mean value for APP in POD 1 was 7199+ 10.09
(60-93) mmHg. 17 patients with Pl higher than 0.3,
with grade Il IAH, and A platcan > 6 mmHg, were kept
intubated for the next 24 h, the mean value of APP was
602+ 1.7 mmHg and significantly lower than for the rest
of the patients (7144 9.6 mmHg; p<0.001; Student’s
ttest). In POD 2, the mean value of APP increased to
78.2 %939 mmHg; for the intubated paticnts. the mean
value of the APP increased to a mean of 718+ 8.6 mmHg
and was slightly lower than of the other patients (74.6 % 6.34;
p=0.08). A negative strong corrclation with the PI was
recorded for APP (r Pearson= — (LET3; p=0.004} in a
univariste analysis. When logistic regression was applied.
ACY (OR 1.19; 95% Cl=052-2.67; p=0.027), IHV (OR
1.29; 95% Cl=0.72-2.87; p=0.01%), PI (OR 2.83; 95%
Cl=1.52-384: p=0.015), postoperative platean pressure
(OR 2.1% 95% Cl=1.52-3.67; p=0.017) and BMI (R
068; 95% Cl=0.67-2.67; p=10.021) were the factors which
significantly influence the values of the APP.

Mo mortality was recorded at 30 days. Systemic morhidity
was noted in 38 patients and consisted of: urinary tract infec-
tion (twios patients), prolonged paralytic ileus—S5 to 8 days
(11 patients). decp vein thrombosis (one patient), deep vein
thrombeosis with limited pulmonary embolism {one patient),
preumonia (two patients ), and prolonged simple O, admin-
istration for 21 patients. All pulmonary events occurred in
paticnis with pre-existing lung damage. Paralytic ileus was
maore frequent in diabetic patients (nine of eleven). Female
gender was more frequently exposed to develop systemic
morbidity (71 vs 29% ). Wound complications were recorded
im 11 (29%) of the patients with systemic postoperative mor-
bidity. These surgical-site occurrences { $50s) were hemato-
mas in three patients, seromas in two patients and surgical-
site infections (551s) in the rest of them. Re-intervention

&) Springer

wias necessary for hematoma patients with an un-eventful
recovery and for the half of the patients with 551s. No mesh
debridement was necessary. In all cases of 851s, the wound
was healed by active therapy with negative pressure between
8 and 21 days. Hospital stay ranged between 5 and 38 days
(mean of 7.21 4 2.8 days).

Follow-up varied between 12 and 51 months with mean
of 32 months. At 12 months, 91 patients were directly exam-
ined and seven recurrences were recorded. Most of them
(five patients ) were recorded in the first 35 patients between
5 and 11 months after surgery. After the 33th repair, no
carly recurrence was encountered. There was no established
relation between post-operative LAP, respiratory status and
recurrence rate. Defect area (OR =2.81; 95% CI 1.69-3.72;
p=0.004), active smoking (OR =2.21; 95% CI 1.35-3.45;
p=0.001), and diabetes (OR=1.93; 95% CI 1.19-2.83;
p=0.022) were the only factors independently associated
with recurrence rate.

Discussion

From a mechanical point of view. the IH is an opening in
the abdominal wall layers which leads to impossibility of
the wall to withstand IAP. An increased number of IH are
complicated cases, which include large defects or even loss
of domain, lateral incisional hernias, recurrence after mesh
repair and for chronic mesh infection. Surgery of com-
plex IH is a difficult and thomy issue for both surgeon and
patient. The main challenge for this surgery is to find the
best technique for a complex given equation (paticnt, hernia,
anatomy ) which must provide a complete reconstruction of
the linca alba augmented by a large and adequately placed
prosthetic mesh, with minimal early and late morbidity. The
ficld of herniology offers a large amount of data regard-
ing surgical approach and mesh types but heterogeneity and
biases limit standardization [15].
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Few options are available but sccording to the princi-
ples and the goals of AWR, they restrict only to component
separation techniques. Posierior component separation via-
TAR is a relatively new technigue which ensures the lateral
extension of the retro-rectus space for a wide mesh overlap,
release “hoop-tension”, allows closure of the anterior fas-
cia in most patients and preserves the AW function by pre-
serving the neurovascular bundles for the rectus abdominis
muscle.

According to Majumder et al_. on a cadaveric study. after
a complete TAR with large retro-muscular dissection, an
average advancement of 10 cm for the anterior fascia and
11 cm for the posterior fascia on each side was obtained
[16]. This can provide a significant increase of the abdomi-
nal cavity inner diameters and. subsequently. an increase
of the whole visceral sac volume, without or with minimal
consequences upon normal physiology. Indeed, this study
reconfirms our previous findings [17]; IAP and postoperative
plateay pressure maintained permissive values without alter-
ing respiratory function for 90 patients. Peritoneal index and
rectus sheath’s width are the only factors which influence
the negative respirstory outcomes. Myofascial release of
the transversus abdominis muscle can generate elevated LAFP
immediately following repair, clearly demonstrated by our
results. All our patients developed intra-abdominal hyperten-
sion o varying degrees but no values larger then 15 mmHg

Fig.2 Main factors comelated
wilh unfavorable prognosis in
relation with peritoneal index

were recorded in patients with Pl smaller than 0.3, Ana-
Iyzing the generalized Log Oxdds (Fig. Z). one can observe
that the main factors for unfavorable prognosis impact the
outcomes of LAP from the values over .33 of the peritoneal
index and are more expressed over the value of 0.37. A total
of 37 patients (36.62%) developed increased values of the
postoperative LAP and plateay pressure directly related to
an increased PL In nine of them, the values were extreme
but without developing abdominal compartment syndrome.

These elevated IAP could be considered permissible dus
tor the fact that no organ dysfunction, except for some revers-
ible decrease of the urinary cutput, as recorded. Probably,
maintaining APP above the critical value of 60 mmHg was
an important contributing factor o the positive outcomes of
the patienis {data not shown). Under these circumstances,
one could suggest that intra-abdominal hypertension or
abdominal compartment syndrome immediately afier an
elective abdominal wall reconstruction creates a clinical
aspect that must be distinguished from the settings in which
they were originally described [ 18].

One factor that can be involved in the favorable outcomes
of our patients is the abdominal compliance (C, ). It plays a
very impaortant role in understanding the deleterious effects
of un-adapted intra-abdominal volumes on LAP and organ
dysfunction. Unfortunately. measurements of C, are dif-
ficult at the bedside. Some indirect measures are available

Generalized Log Odds

Coefficients®~
pindex IHv* BPpreap® | APpostop® | 1WPD1* | platprecp® | platpostop®
22 288300 7.00 11.00 15.00 15.00 20.00
23 2474.33 a.00 12,67 16.33 12.00 17.33
24 054,83 T.6T 11.50 14.83 11.33 16.00
27 386960 T.BD 12,50 16.20 12,20 17.50
28 410267 8.00 1244 16.22 13.22 1844
29 398425 7.50 11.50 15.00 12.00 16.75
30 3954.45 6.B2 14.45 18,38 14.36 18.55
n 4030.50 6.00 1471 18.38 14 57 19.25
a2 493140 5.60 1520 19.60 1360 19.00
33 4971.08 542 14852 18.33 1583 20.25
34 47H3.B5 4.4 1715 2048 1815 2369
a5 495838 438 17.25 20.63 17.88 2338
ar 493300 4.00 19.00 22.00 20,00 28.00
.34 ATE4.00 4.00 19.00 22.00 12.00 17.00
33 4317.00 4.00 18.00 21.00 21.00 27.00
40 3902.00 4.00 20.00 21.00 22,00 30.00
4 3481.00 4.00 20.00 21.00 21.00 30.00
4€) Springer
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in mechanically ventilated patients: the AIAP (=1AP at the
end of inspiration minus the IAF at the end of expiration)
and the abdominal pressure variation (AFY = AIAP divided
by mean IAP) are such parameters, and they are inversely
correlated with C, ie., the higher AIAP or APY, the lower
Cp [12]. Theretore, if we could identify patients with a low
Cap. we could anticipate and select the most appropriate sur-
gical treatment to avold possible complications related to
IAH/ACS.

Preoperative evaluation of the lung function with the
aid of spirometry is an casy way to differentiate if the nes-
piratory insufficiency is obstructive or restrictive at origin.
Obstructive FEV, is reduced, so the ratio will be low. In
large IH, this can be no longer the truth due to the fact that
the obstruction can be masked by the broken associated
abdominal component of the respiration. When the ratio is
normal or even increased due to a decrease in magnitude of
VIC and FEV decrease, the respiratory failure is restrictive
as a consequence of the large defect and increased IHV. The
surgical procedure itself improves significantly the restric-
tive respiratory failure by correcting the functionality of the
abdominal wall.

Some limitations of the study can be considered. This is a
retrospective one even if our database is prospective from a
single surgical center; the number of paticnts is not too high
but represents a quarter from all patients with incisional her-
nias admitted in our Department. Also, the population and
hernia characteristics are not homogenous and the resulis
can be biased by the learning curve of a new procedure.
Most of the procedures (92 patients) were performed by a
single surgeon, so the resulis cannot be broadly reproducible.

Conclusion

Posterior component separation with TAR is a strongly
effective procedure for a stable repair of large and very large
defects of the abdominal wall irrespective of their location.
TAR is also effective in recreating abdominal wall volumes
without severe disturbing of the AP, plateau pressure and
respiraiory function when peritoneal index is lower than
0.33. Last but not least, TAR improves restrictive respira-
tory insufficiency through correction of the abdominal wall
functionality. A correct preoperative evaluation (CT scan,
respiratory, cardiovascular and metabolic) is the key for
minimizing severe complications and achieving supcrior
outcomes. Proper training and profound understanding of
the abdominal wall anatomy are the cornerstones for the
SUCCCSS.
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Early outcomes of open anterior versus posterior components
separation with transversus abdominis release for large median
incisional hernias: a retrospective stepwise analysis
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Abstract

Background Complex incisional hernia is still a debatable topic, with increasing incidence and an increased local and
sysiemic postoperative morbidity and mortality. The size of the defect is a risk factor for both difficult closure and 30-day
readmission due to complications. The main option for closure such defect is a mesh augmented component separation
technique. The goal was to evaluate 30-day wound events and general complications including 90 days mortality.

Material and methods We present a retrospective study that includes patients from two different university hospitals who
underwent open incisional hernia repair with anterior component or posterior component separation between January 2015
and December 202 1. Only non-contaminated adult patients (over 18 years old) with postoperative primary or recurrent
median abdominal wall defects larger than 6 cm and with complete fascial closure were included. Demographics (age,
gender, Body Mass Index—BMI, American Society of Anesthesiologists Classification—ASA score). recurrence rank., and
co-mortidities), operative details. patient outcomes complications were collected. A native abdomen/pelvis computerized
tomography (CT) scan was performed preoperatively in all patients and the anatomy of the defect and volumeiry {abdominal
cavity volume, incisional hernia volume and peritoneal volume ) were evalusted. One of the component separation technique
was performed according to Carbonell’s equation.

Results Two hundred and two patients (101 from each group) were included. The patients with posterior component sepa-
ration were more comorbid and with larger defects. The procedure was longer with 30 min but overall length of hospital
stay shorter (p < 0L.001) for posterior component separation. Seroma, hematoma and skin necrosis were equally distributed
for both group of patients and there was no direct relation to surgery (OR 0887, 95% CI 0.370-2.125, p=0.748; OR 1.50,
95% CI0.677-3.33, p=0.318 and OR 0386, 95% C10.117-1.276, p=0.119). Surgical Site Infection rate was increased for
anterior component separation (p=0.004].

Conclusion Complex incisional hernia repair is a challenge given by a large amount of wound complications. Choosing
between anterior and posterior component separation is still a source of significant debate. We were not able to depict signifi-
cant different rates of complications between the procedures and we couldn’t find any specific factor related to complications.

Keywords Large incisional hernias - Anterior component separation - Posterior component separation - Early outcomes
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Background

Complex incisional hernia (CIH}, despite the seminal
paper of Slater et al. [1]. is still a debatable topic, which
raises many controversies but it is also an active area of
surgical innovation and research [1. 2]. Its incidence is
increased as older and older patients with multiple associ-
ated comorbidities are operated and leads to an increased
local and systemic postoperative morbidity and mortality.
The size of the defect (especially its width) is a risk factor
for both difficult closure and 30-day readmission due to
complications [3]. Closure of defects larger than 10 cm
width are more likely to need component separation tech-
nigues (CST) as Smith et al. recently reported [4].

Following the introduction and popularization of Ante-
rior Component Separation (ACS) by Ramirez et al. in
1990, Novitsky modified component separation is an
attempt to minimize and optimize carly and late compli-
cations [5]. Both CST act as natural tissue expanders but
there are little published rescarch especially multi-centric
trials comparing the outcomes of anterior versus poste-
rior component separation. The most proper and effective
CST remains under active debate despite the new data that
suggest the greater effectiveness of posterior compared to
anterior component scparation in terms of wound moriid-
ity and recurrence [6].

Surgical repair for giant IH is a high-risk procedure
with considerable early and late morhidity. Our study is
focused mainly on complex hernias (defined by larger
defects, difficult locations, etc.) that cannot be primary
closed without excessive tension and management based
on mesh augmented by CST. As wound morbidity is a
measure of early success, we compared the early outcomes
of paticnts undergoing open hernia repair based on the
utilization of ACS and Posterior Component Separation
with Transversus Abdominis Muscle Release (PCSTAR)
with on lay and, respectively, sublay mesh reinforcement
in two different tertiary university teaching hospitals. The
second goal was to identify if the surgery itself is a major
factor inducing wound morbidity and what other patient-
and hernia-related factors contribute to poorer outcomes.

Material and methods

Patients

Our retrospective study is from a prospective data base
and includes patients from two different university hos-

pitals who underwent open incisional hernia repair with
anterior CoOmponent of posterior component scparation

) Springer

between Januwary 20015 and December 2021. Only non-
contaminated adult patients (over 13 years old) with post-
operative primary or recurrent median abdominal wall
defects larger than 6 cm and with complete fascial closure
were included. Emergent patient. lateral, and parastomal
hernias were excluded as we believe they present higher
complexity with different and specific complications and
recurrence rates. Also, patients without a preoperative CT
scan, dirty and infected wound class paticents, patients in
whom anterior fascia could not be closed. and single-sided
separation were excluded.

Patients were distributed into two groups depending on
the provenience and type of the procedure: group MS with
ACS (Clinical County Hospital, Tirgu Mures) and group CJ
{Clinical Military Hospital, Cluj-Napoca.) with PCSTAR;
will refer to them as ACS group and PCSTAR group (pos-
terior component separation). The Local Ethic Commit-
tee under Ad. 10781/19.04.2021 and A4528/25.11.2020
approved the study.

The written informed consent from each patient was
obtained. Demographics (age, gender, Body Mass Index—
BMI. American Society of Anesthesiologists Classihica-
tion—ASA score, recurrence rank, and co-morbidities),
operative details, patient outcomes and complications were
collected. Four surgeons contributed to the database with
surgical procedures (WO, MT, MG, and, CM) all of them
senior surgeons with extended experience in visceral surgery
and abdominal wall reconstruction.

CT protocol investigation

A native abdomen/pelvis computerized tomography (CT)
scan was performed preoperatively in all patients. The sur-
geon and a radiologist reviewed all pre-operative CT scans.
We removed all inconsistencies of the measurements afier
the cross review. Baoth, the surgeon and the radiclogist, care-
fully identified and measured the length and the width of
the defects in their maximal dimensions. The defect was
approiimated by an ellipse and the area of the defect was
caleulated using the formula 52 lengih = 43 width % x. The
values were rounded to the nearest hundred or thousand. We
also measured the width of both rectus sheath (RW). The
ratio between their sum and the width of the defect (DW)
was the basis for both ACS and Transversus Abdominis
Muscle Release (PCETAR) indication (2RW: DWW =2:1 Car-
bonell’s equation) [ 7]. The volumes of the abdominal cavity
(ACY) and of the incisional hernia sac (IHY) are calculated
according to the Tanaka method [£]. By adding up ACY
and IHY, we obtained the volume of the peritoneal cavity
(F%). The ratio of IHV and PV provides the peritoneal index
(Sabbagh Index) as measurement of loss of domain [9]. A
25% cut-off of the Sabbagh index was considered for loss of
domain as an arbitrary limit in both clinics. All the values
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were manually collected; differences of more than + 10%
between surgeon and radiologist’s measurements were reas-
sessed until agreement was reached.

Surgical procedure

All the procedures were performed under general anesthesia
according to the technique described by Ramirez [10] and
Novitsky [11]. All patienis had intravenous antimicrobial
and antithrombotic prophylaxis according to each hospital
protocols. No lecal adjuvants such as Botox or Progressive
Preoperative Preumoperitoncum were considered for this
study.

After adhesiolysis, the peritoneal sac was dissected and
the abdominal wall reconstructed sccording to each clinic
and with the original technigue [10, 11].

In patients with ACS, a slowly absorbable monohilament-
running suture {1 polydioxanone) chosed the abdominal wall.
Medium weight macroporous monofilament poly progylenc
mesh was placed on-lay and fixed in place with interrupted
monofilament non-absorbable suture (370 polypropylene)
according to surgeons” preference. The mesh surface was
around 90 em’ in almost all patients.

A slowly absorbable monofilament-running suture (2-0
polydioxanone) closed the posterior fascia in paticnts
with PCSTAR. We fixed the mesh with slowly absorbable
transfascial sutures (0 polydioxanone) or with cyanoacr-
ylate ||'Hi.l1t1:r.m:rg.ll':l B Braun}. Medium weight macroporous
monofilament polypropylene mesh (with the area fivefold
larger than defect arca) reinforced the abdominal wall in all
circumstances. A slowly absorbable running suture (1 poly-
dioxanone) closed the anterior fascia. For mesh recurrences
the old mesh was completely removed whenever possible.

All PCS patients were drained with more than one suc-
tion drainage until the volume of the liquid was less than
30 ml24 h for two consccutive days. Two drains were placed
over the mesh in the retromuscular space and another one
in the subcutancous space. In patients with ACS one or two
drains were left in place over the mesh until less than 30 ml
were drained for two consecutive days.

In both groups, before skin closure, an elliptic curve of
skin and subcutaneouws fat was removed on both sides of
the incision to eliminate the excess tissue. The amount of
scared, fibrotic and de-vascularized skin with its underlying
fat varied in relation with the hernia size. Abdominoplasty
was not routinely performed.

Functional evaluation

The standard methed for indirectly measuring intra-abdom-
inal pressure (LAP) is to measure the intra-vesical pressure
[12]. Bricfly, the bladder drainage system was clamped
just distally to the connection of the urinary catheter to the

drainage bag. An 18-gauge needle was then inserted into the
sampling port and connected via a sterile tube to the pres-
sure transducer using two three-way stopeocks. A standard
infusion bag of normal saline was attached to one siopeock,
and a 60-ml syringe was connected to the second stopeock.
Sterile saline (50-100 ml) was injected into the bladder.
Measurements were taken at end-expiration while patients
were in complete supine position and with the transducer
zeroed at the symphysis pubis level. Intra-abdominal pres-
sure was recorded before surgery. immediately after the end
of the procedure, 24, and 48 h after TAR on the awakened
patient. Intra-asbdominal hypertension (IAH) is defined by
a sustained or repeated elevation in [AP > 12 mmHg. IAH
was graded as follows: Grade [, AP =12-15 mmHg; Grade
IL, IAP = 16-20 mmHg: Grade II1, IAP=21-25 mmHg; and
Grade IV, JAP> 25 mmHg [ 13]. Likewise. abdominal com-
partment syndrome { AbCS) was defined as TAP > 20 mmHg
in combination with at least one organ failure.

Plateau pressure (Ppy 4] is the pressure applied to small
airways and alveoli during positive-pressure mechanical
ventilation. It is measured during an inspiratory pause on
the mechanical ventilator and it was recorded after 20 min
since the onset of the procedure and 20 min after the ante-
rior fascia was closed. The difference between the first and
last record of the platcau pressure was noted as A plateau
pressure.

The main outcomes of interest were 30-day wound events
and general complications including 90 days mortality. Post-
operative wound events included Surgical Site Infection
(531), Surgical Site Occurrence (350, and Surgical Site
Occurrences Requiring Procedural Intervention (S50PI).
According to the Centre for Disease Control and Preven-
tion (CDMC). 551 was defined as superficial, deep or organ
space [14]. Surgical Site Oecurrence included any 551, in
addition to wound cellulitis. non-healing incisional wound,
skin or tissue ischemia, skin or soft tissue necrosis, fascial
disruption, serous or purulent wound drainage. stich abscess,
seroma, hematoma, infected or exposed mesh, enterocutane-
ous histula. Procedural interventions which were considered
S50PI included wound opening and/or debridement. stich
remaoval. percutancous drainage, partial and/or complete
mesh remaoval [14]. Length of hospital stay, 30-day read-
mission and mortality were also analyzed. Patients having
multiple wound complications such seroma and infection,
dehiscence and infection, were classified as were classified
as the most severe. The follow-up for this study was short
and extended for W-days for all paticnts.

Statistical analysis
Descriptive statistics for approximately normally distributed

continuous variables ane presented as mean + standard devia-
tion, otherwise the median and quartiles are displayed. The
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numbers and percentages are shown for categorical data.
The observed percentage with 95% Clopper—Pearson exact
confidence interval are displayed by group.

Baseline and univariate differences between the groups
were assessed by the tao-sample -test for approximately
normally distributed continuous variables, the Kruskal-Wal-
lis test for skewed continuous data and the Chi-squared test
for categorical data.

Multivariable logistic regression models were fitted for
binary endpoints and the adjusted cdds ratio for surgery type
(using ACS as the reference level) and adjusted p-value dis-
played. First, type of surgery was forced into the model.
Then confounders entered the model, stepwise, if their
p-value for entry was < 0L05 and remained in the model if
their p-value for removal < 0L 10. The following potential
confounders are considered: sex. environment. dishetes, obe-
sity. COPD, CVD and smoking history, ASA, location, pla-
teau pressure day, age. BMI, recurrence, occurrence, length,
width and surface area of the defece, IHV. PV, preoperative
IAP. postoperative LAP, day 1 LAP, day 2 IAP. change in
platean pressure, operation time The receiver operated char-
acteristics (ROC) curves and area under ROC { AUROC)
were used to assess the mode] goodness of fit

Statistics were performed using the statistical package
SAS, version 9.4. All tests were two-sided with a signifi-
cance level displayed without multiplicity adjustment.

Results

Two hundred and two patients (101 from each group) miet
the inclusion criteria and consented to be included in the
research (Fig. 1). The patients undergoing component sepa-
raticn were examined for differences in preoperative factors
(Tahle 1). There was no difference in gender, BMI, and ASA
score (p> (005 for each). Patients in the ACE were younger
than in the PCSTAR (mean age 59.13 % 1121 years vs.
63.(0 +6.78 years; p=0.021). There were major differences
between the groups in terms of comorbidities, the patients
of PCSTAR group being maore comorbid (Table 1), Previ-
ous hernia repair has been performed in 71 (7003%) and 27
(26.7%) patients in the ACS and PCSTAR groups, respec-
tively (p < 0.001). For the detailed rank of recurrences, see
Table 1. No patient had a previous component separation
with or without mesh. In 42 patients (29 in ACS group) the
recurrence was recorded after a mesh repair. According to
pre-operative file reports the mesh was located as an on lay
in 27 patients (1% in the ACS group), as a sub-lay in three
(all of them in the PCSTAR group) and preperitoneal in the
rest of them (all in the PCSTAR group).

Hernia characteristics in terms of length, width, defect
surface and volumetry showed larger values for the
PCSTAR patients with a significant difference for all of
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them (Table2). Loss of domain (Sabagh index higher than
0.25) was recorded in 179 patients (T8.62% ). One hundred
and five were with a Sabbagh index between 00,26 and (.33
(35 in the ACS group and 70 in the PCSTAR group), and
74 (36.63%) with an index larger than (.33 (48 patients in
the ACS vs. 26 in the PCSTAR. The mean preoperative
intra-abdominal pressure was 7 mmHg for the ACS group
(Q1-0Q3 =5-8) compared to 6 mmHg for the PCSTAR
patients (Q1-Q3 =5-8) (p=0.059).

The median operative time was significantly longer for
patients undergoing PCS (110 min vs. 190 min; p<(0.001)
{Table 3). There was a significantly statistical difference
in intraoperative complications with more complications
occurring in ACS group compared to PCSTAR (13.84% vs.
6.93%; p<0.01). At the end of the procedure, mean [AP
was equal for both group of patients but significantly higher
after 24 h in paticnts from the PCS group (16.72 vs. 13.18;
p=0.001). The median overall length of hospital siay was
longer for ACS patients [9.0 days (Q1-0Q3 =7-11)] com-
pared to PCSTAR patients [T days (4—100]: (jp < (L0010 ). Post-
opecrative length of stay for each group had median of 6 days,
but different distributions (p=[0.031). Longer postoperative
stays are associated with the ACS group.

There was no difference between groups for Intensive
Care Unit (ICLT) stay {p=0.829).

Outcomes

1. Overall length of hospital stays greater than 7 days: In
univariate analysis, 117 events were recorded (72 for
patients with ACS; p={0L0001). The final model includes
the type of surgery and log (OR time) with high specific-
ity and sensitivity [area under curve (AURDC) =0.72491;
< (L0001; no outliers]. There was a significant differ-
ence between the surgeries adjusting for the confound-
ers (type of surgery OR—O.07T0; 95% CT 000260191
p=0.001 and log (OT in minutes) OR—7_850; 95% CI
2901-21.242; p<(0.001).

2. Postoperative hospital stay: Univariate analysis showed
34 events for patients with ACS and 36 for patients with
PCSTAR; there was no significant difference between
the groups (p=_0.7674). The final model includes sur-
gery, log (OT in minutes) {p-value for entry =0.(028),
and BMI (p-value for entry = (.040). There was a
reasonable specificity and sensitivity for the model
[AURDC = 0.6442; p=0.0003; no outliers). A signifi-
cant difference between the surgeries adjusting for these
confounders was recorded.

3. Intensive Care Unir stay: for Intensive Care admis-
sion (yes/no) univariate analysis showed no differences
between the number of patients included in the ICU
(11 patients in ACS group vs. 12 patients for PCSTAR:
p=0.8247). The multivariable logistic regression model
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Complex Incitional Hernia
m=410

Inclusion in soady

1_ Exclusion criteria | | | Exclusion eriteria _l
» Emergent n=ll s Emergent n=¥
» Lateral harnia m=13 » Lateral hermia n=13
* Parastomal bareia 5=9 » Farastomal hermia 5=7
o Abset CT scan n=18 ®  Abset CT scan n=3
& Darty | Infected Wound Class =3l & Dirty | Infected Wound Class =38
» Bndged reparr n=3 » Erndged repair a=13
* Unilaeral componest separation =11 » Unilateral component saparaton n=1
# Techsical modification o=8 & Techsical medification n=3
Alidkine Incizsional
Exclasion n=120 Harmis Excluzsion n=8%
Fa ¥ "~ X Y
! ACS PCS
| a=101 a=101 |

Fig.1 Flowchar of patient selection acconding 1o exclusion criteria. ACS, Anternior Component Separation; PCS, Posterior Companent Separa-
Liom

was created for the types of surgery, log (OT in minutes),
smoking, and fitied reasonably well (AUROC 0.7236;
p<0.0001). There is a significant difference between
the surgeries adjusting for the confounders (type of sur-
gery OR—{.287; 95% CI 0.084-0976; p=0.046 and
log (OT) OR—6.093; 95% CI 1 462-25.392; p=00013).
When comparing active smokers with non-smokers a
threefold increase in ICU admission was found despite
the type of surgery (OR—3.313; 95% CI 1136-9.663;
p=0.028).

- Acute respiratory failure (ARDS): eleven events were

recorded in univariate analysis (5.44% of all patients)
equally distributed in both groups (& paticnts for ACS
group and 5 patients for PCSTAR group). No significant

difference between groups was found {(p=0.757). The
logistic regression final model includes besides type of
surgery, preoperative TAP (p-value for entry (.0106) and
obesity (p-value for entry 0.0133) with a high sensitiv-
ity and specificity for confounders (AUROC =0.822;
p=0.0001) and no outliers. There is no significant
difference between the surgerics adjusting for the con-
founders. Adding preoperative IAP quartiles and the
transformation of the raw data in the stepwise selec-
tion mardel did not reveal different data for this endpoing
{data not shown).

. Seroma: nineteen events (18.81%) were recorded

for ACS group of patients and only 15 for PCSTAR
(14.85% ). There was no significant difference between
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Table 1 Demuographic
characteristics of inchaded
patienis

Table 2 Preoperative

characteristics of hernias

Table 3 Operative lime and
puostoperalive pressure data

4) Springer

Warizhle ACS group (N=101) PCSTAR group (N=101} pevalue
Age [years) 59.13£10.21 (23-TH) 63 D0 £6.TH (43-TW) LILUNE]
Ciender (MFy G536 56043 0196
BMI (kgim?) INEI L5616 (17-4T) ILTILA219(25-4%) w1z
Ocourrence (months) 36.0(17.0-007.0) 52.0 (34-84.00 LILCE ]
Eecumence L0 (=2} L0 (=17 000
L5l recurrence 35 patients B patienis
2nil recurrence 17 patients B patiemis
Ird recurrence B paticmis B paticmis
dih or e & patients 3 patients
ARA 1=2(2.0%) 14 {4.0%) (K58
241 ($06%) 2-39 (38.6%)
343 (42.6%) 344 (43.6%)
4-15 (13.9%) 4-14 (13.9%)
Comorhidities
Diabetes 16 (15.8%) 48 (47.5%) < (L0001
Orhesily 36 (36.5%) BT (66.3%) < (LDO0
VD 65 (64.4%) 52 (51.5%) 0E7
COPD T{69%) 18 (17.8%) 0033
Smuokers B{59%) 215 (M4.8%) < (LDO0

BMI, Body Mass Index; ASA, American Society of Anesthessologists Classiticatson: CWD, Candwrvascular
Diseases, COFD, Chronic obstructive Pulmonary Dhisesse

VYarizhle ACE proup (N= 101} PCSTAR growp (N= 10} r

Length (cm) 1400 110 16.00) 180 (15.0=2 100 < 0.0
Width (cm) 140 { 10L0=-17.00) 170 { 15.06=15.00) < 0.0
Surface (cm’} 130.0{113.0-173.00 2360 (184.0-307.00 < 0.0
ACY (cm’) GTEE0 (5209.0-8589.0) 97120 (B45%0-9914.0 < 0.0
IHV (cm’) ZRAT.0 (21 98.0-390).0) 4274 {3THA0-4M7.0) < 0.0
PV (cm’) QUSE0 (TR2E.0-12,171.0) 13.885.0 {12.315.0-14,827.0) < 0.0
Subbagh Index (IHVIPY) 0.31 + 0066 0.31+0.038 0.345
<0.250 1B patients 5 patients

2 0.250-< 0330 15 pakients Tl patients

>0.330 4B paticnts I palicnts

Preoperative IAP {mmg) T(5=-8) 6 (5-B) 0.059

ACY, Abdominal Cavity Wolume:; IHY, Incisional Hernia Yolume; PY, Peritoneal Volume; IHV/FY, Sab-
bagh Index; IAP, Intra-abdominal Pressure

Warizhle ACE (N=1101) PCETAR (W=101} P

O time (mimules) 11000 (BE.0-140.00 1900 ( 1770-243.0) < 0.0
Postoperative IAP (mmHg) 15.0(120=16.0) 15.0(120=16.0) 0.740
POD 1 1IAP 167242 68 I5.1B+2 B4 <0.001
POD I AP 14.04+2.11 14 8B+ 156 0043
Preoperative Plabeaw pressure 16.0 (14.0=18.0) 14.0(120=17.00 0.o17
Postoperative plabesu pressurne 0.0 (18.0=23.0) 19.0 (17.0-21.0) 0133
Delia platesu 436+ 146 S07 120 < 0.0

OR time, Operative time; IAF, Intre-abdominal Pressune; PO, Postoperative day: Delta platean. Differ-
ence between Postoperative Plaleas Pressare amd Preoperative Plateau Pressure
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groups (p=10.452). For the final model obesity with
a BMI owver 35 kg}ml {p-value for entry 0.0236), age
(entry p=(L040%) and diabetes (entry p=0.0451) were
included. The model fits reasonably well with mod-
erate sensitivity and specificity (AUROC =0.6857;
p=0.0002) and no outliers. There is no significant
difference between the surgeries adjusting for the con-
founders.

6. Hemaroma: overall 29 events were reported (12 patients
after ACS and 17 for PCSTAR) without significant dif-
ference between groups (p=10.316). No confounders
were added, the final model including only the type
of surgery with a moderate sensitivity and specificity
(AURDC =0.5503). There is no difference in the inci-
dence of hematoma according to the type of abdominal
wall reconstruction (OR—1.501, 95% CI 0L677-3.330;
p=0314)

7. Surgical Site Infection: In univariate analysis, we record
12 patients with 351 in the ACS group (11.88%) ver-
sus & for the PCSTAR group (5.94%). The difference
between groups was insignificant (p=031%). The
main confounder with predictive value included for
logistic regression was OT in minutes (p eniry value
D009 ). The model fits reasonably well with no outliers
(AUROC=0.6955; p=0.0058). Therc was a significant
difference between the surgeries adjusting for the con-
founders (p=(0.009) favouring PCSTAR. The analysis
was cxtended to bogarithmic transformation in the logis-
tic regression model which included log (OT in minutes
p=0.022) and the LAP from the second postoperative
day. There was an increased sensitivity and specific-
ity for this model (AURDC =0.7156; p=0.0014). An
increased statistical difference was found between the
surgeries (OR—0.114; 95% C1 0.026-0.492; p=0.004).
The operative time (OR—6.022: 95% CI 1.370-26.466;
p=0.017) and the second day IAP (OR—1.196; (95%
CI0995-1.437; p=0.1056) were independent predictors
for 851 in logistic model.

8. Skin mecrosis: there was no significant difference
between groups related to this complication in the uni-
variate model (11 events for ACS group vs. four for
PCSTAR group—p={0.060). The final model includes
the types of surgery and the cardiovascular diseases with
a higher specificity and sensitivity (AURDC =0.TO9E;
p<0.0001). No significant difference between the sur-
geries adjusting for the confounders (OR—0.386; 95%
CIO.117-1.276; p=0.119) was identified. Cardiovas-
cular diseases were the only independent predictors for
skin mecrosis.

9. Bowel regularion: Only 43 patients in ACS group and
30in the PCSTAR group resumed their intestinal move-
ments within the first 48 h. There was no significant
difference between groups. The final model includes

log (OT in minutes) (p-value for entry 0.0182) and
ASA score (p=0.0321). The model fits reasonably well
with a good sensitivity and specificity (AURDC 0L677,
=< 0.0001)y and no outliers. There was a significant dif-
ference between surgeries adjusting for the confounders
(OR—0.236; 95% CI 0.099-40.559; p =0.001).

A synthesis of all data is represented in Table 4 and
Fig. 2.

Mo mortality was recorded after 90 day-follow-up. Sys-
temic complications included thromboembolic discase (4
patients in ACS group and 3 in PCSTAR group), ileus (12
vs. 21 patients), and prolonged Oy requirements (11 vs. 7).

Discussion

The component separation techniques both anterior or poste-
rior have gained popularity due to their promising short-and
long-term resulis with acceptable 3{0-day wound morbidity
despite complex and challenging patients. The effective-
ness of these techniques was proved by the increased rate
of fascial closure so they were quickly accepted as viable
opticns for difficult cases [15]. The proper application of
the most effective CST in patients with CIH is still a debate;
choosing the optimal surgical procedure and space of mesh
implantation for the proper patient and by the proper surgeon
are paramount [16]. The open approach is still widely used
despite the development of a large variety of minimally inva-
sive (laparoscopic or robotic) approsches that are presumed
to limit wound morbidity [3, 17, 18], Our study, focused on
patients with large midline abdominal wall defects, evalu-
ated the early outcomes of patients with on lay ACS and
PCSTAR and this is probably one of the few multi-centric
analyses comparing the procedures.

Demographic data showed that our groups were homaog-
enous in terms of gender. obesity, and ASA score; patients in
the PCSTAR were older and more comorbid but with fewer
recurrences than patients in ACS group. The incidence of
smoking was higher in PCSTAR patients. Our results are
somchow, opposite with Krpata's study in which PCSTAR
patients were younger, with a lower mean ASA score, and
with more male patients [19]. In 2021, Percira-Rodriguez
ct al. in large number of patients from Spanish Registry of
Incisional Hernia (EVEREG), reported equal obese patients,
equal comorbiditics but more high-risk patients with larger
defects for ACS patients [20].

Owerall. in the univariate analysis there was no signifi-
cant difference regarding the incidence of local wound
complications (54 patients in ACS group vs. 33 in PCSTAR
group: p=_0.061}). The same results were obtained com-
paring groups for specific complications (seroma, hema-
toma, 551, and skin necrosis). Our results are similar to

4} Springer
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Table 4 Postoperative events as unadjusted and adjusted data

ACS (N=101) PCSTAR (W=101) Unaljusted p-value AURODC (95% C1}  Adjusted odds ratio  Adjusted p-value
5% C1)
Owverall length TLA% (614, TH9) 446 (347, 54.8) <0l 0.7291 (660, QLT {0026, < 0.001
of haspital 748 191}
stay = T days
Postoperative hos-  33.7% (24.6, 43.8) 35.6% (264, 45.8) 0767 644 (0.567, A0 ITE, 0.036
pital sty = 7 duys 07213 LR LY
Intensive care undt  109% (5.6 187y 11.9% (63, 19.8)  (L825 0,724 (06249, O2ET (0B, 0.046
admission LES L L9TA)
Acule respiratory  5.9% (2.2, 12.5) 50% (16, 11.2) 0757 (LE22 (0.730, L3980 105. 0.176
distress syndrome 0andy 1.509)
Seroma IRE% (117, 278) 149% (B6.233) 0452 (LGBA (0.58Y9, OLRET (0370, 0.788
0782} 2.115)
Hematoma 119% (6.3 19.8)  16E% (101, 256) 0316 (L5530 {0.452, 1.501 (677, 0318
Ay 3.330)
Surgical site infec-  11.9% (6.3, 19.8)  59% (2.2, 12.5) 0138 LT16 (0.584, 0.1 14 {026, 0.004
tion (LB4E) (h482)
Skin necrosis 109% (5.6 1B.Ty  40% (1.1, 9.8) 0.060 0710 (0605, DAS6 LT, 0119
0R15) 1.276)
Bowel regula- 42.6% (328, 52.8) 297%(21.0, 3946 0057 (LATE (0.598, 0236 (009, 0.001
tion = 2 dlays 0757} (L559)

ACE, Anlerior Component Separtion; PCETAR, Posterior Component Separation; (1. Confdence interval

Percira-Rodriguez et al. who found equal distribution of
Surgical Site Occurrence, seroma. and hematoma; there
were more wound infections and skin necrosis in patients
with ACS (10.6% vs. 7.0%, p=0.05, respectively 4.4% vs.
0.1%, p=0.001) [20]. Krpata reparts more complications in
ACS group while Blair found that PCSTAR was associated
with less infections but without any significant difference
(p=0.07) [19, 21].

A very interesting and somehow controversial finding of
this study was the fact that, contrary to what we expected,
no hernia related factors were independently associated
predictors with local complications. It was expected that
the width of the defect to be highly correlated with local
complications but this was not ohserved with our patients.
Franklin et al. showed in 2013 that the patients defect in
relation to abdominal wall circumference is a more reli-
able prediction factor; associated with the dynamic value
of the patient specific anatomy and compliance it could
better predict the onset of wound complications. The same
suthors demonstrated that fascial approximation decreased
for every incremental increase in defect diameter [22]. In
our patienis mean width defects of 14 respective 17 cm
were completely closed with the aid of medial transla-
tion provided only by the component separation technigque.
PCSTAR medialization effect was larger than for the ACS
and i in accordance with Majumder et al. which results
from a cadaveric study [23]). After a complete PCSTAR
with large retro-muscular dissection, an average advance-
ment of 10 cm for the anterior fascia and 11 cm for the

&) Springer

posterior fascia on each side was obtained. This can pro-
vide a significant increase of the abdominal cavity inner
diameters and, subsequently, an increase of the whole vis-
ceral sac volume, without or with minimal consequences
upon normal physiology [24). The reduced mean value of
postoperative platcau pressure in patients with PCSTAR
is a valid proof of the effectiveness of this advancement
compared to ACS even if in the first postoperative day IAP
pressure was higher.

Acute respiratory failure was the main reason for ICU
admission but unusually, it was not influenced by hernia
related factors. Smoking was the only factor associated with
this and increased threefold the probability for ICU admis-
sion compared with non-smoking patients. Even if in the
PCSTAR there were more active smokers than in the ACS
group. the number of respiratory complications was similar.
Similarly, smoking was not involved as a potential risk fac-
tor for wound complications. This is in accordance with the
siudy of Lindmark et al. who demonstrated that smoking is
an influencing factor of poor outcomes after [H repair [ 23].
On the other hand. recently Griisbec et al. in a large popu-
lation study {the sample included 158 638 surgeries) have
demonstrated that smokers have increased odds of overall
complications (OR=1.17; 95% CI 1.14-1.20} and critical
complications (OR = 1.21; 95% CI 1.14-1.29%). Correspond-
ing odds ratios of ex-smokers were 1.08 (95% CI 1.06-1.13)
and 1.0% {95% 1.02-1.17). Smokers had increased odds of
overall complications in all specialties with over 10 () sur-
geries [ 26].
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Forest Plot of Event Rates

SKin necrosis—

Acute respiratory |
distress syndrome

Surgical site infection=
admission
Seroma-

Hl—
—a—
il
H—
HE—
[
Intensive Care Unit | —8—
——
-
—a—
Haematomas —e "

Odds ratio (98% CI); p-value

0L386 {0.117, 1.276); 0.118

0,398 [0.105, 1.509); 0.176

0,114 [0.028, 0.492); 0.004

0,287 [0.084, 0.976); 0.04E

0,887 [0.370, 2.128); 0.78E

1.801 (0877, 3.330); 0.318

Bowel regulation —a— 0,236 [0.099, 0.558); 0.001
» 2 days —a—
Post-operative R 0.410 (0178, 0.945); 0.036

hospital stay > T days . |

Owerall length of | —a— 0070 (0,026, 0.181); < 0.001
hospital stay > T days ——

T L] L T 1
0 20 40 60 B0 100
Event Rate
@ ACS B PCETAR

Fig.2 Forest phot shivas event rates with odds mtio resubts as text. It is currently ordered by increasing event rale in the PCSTAR group

The type of surgery was an independent factor for com-
plications only when it was associated with other confound-
ers {operative time and LAP for 551); there was no specific
statistically significant difference between groups of patients
related to the type of the procedure. The results are diffi-
cult to explain because we record longer operative time in
PCSTAR patients with similar 351, which is contradictory.
Probably the association with a better optimization led o
better results.

Obesity, known as a modifiable risk factor which
increases rates of 351, was in our study highly associated
only with seroma formation and only when BMI was higher
than 35 kg/m™.

The operative time was the only variable responsible for
more poor cutcomes than the iraditional well documented
risk factors. In a recent meta-analysis and systematic review
Cheng ¢t al. examined the relation betwoon operative dura-
tion and incidence of 551 across surgical specialties [27].
Without any direct reference to incisional hernia, pooled
analyses demonsirated that the likelihood of 551 increased

by close to twofold in surgeries exceeding operative cutoff
times of one, two, three, or four hours, and close o threefold
in surgeries exceeding five hours. Interestingly, pooled anal-
yses further demonstrated that the odds of developing an 551
increased with increasing operative time increments. This
relation typically remained statistically significant across
categories of time. For example, the likelihood of 351 was
observed to increase by 3% for every 100 min of surgery,
13% fior every 15 min of surgery, 17% for every 30 min of
surgery, and 37% for every 60 min of surgery. The studies
reporting mean operative time for patients with and without
551, patients who developed an 551 had a mean duration that
was, on average, (L2 h-1.13 (median=0.5 h} longer than
those without 51 In our study, patients with PCSTAR had a
mean longer operative fime which demonsirates a more com-
plex procedure. It was interesting that the longer operative
time associated with PCSTAR was not associated with an
increased rate of 531 and we do not have a valid explication
for this. Although operative time is mentioned as a signifi-
cant predictor in some reviews, there is a poor understanding

£} springer
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of howy this risk factor varies across surgery types, the mag-
nitude of the association, and the relation between increasing
increments of operative time and 851 [28-30].

Finally, we acknowledge that our study has some limita-
tions. Even if it is the result of the collaboration between
two surgical departments, its retrospective nature is always
subject to data entry errors and interpretation. Another
limitation is the selection of the patients: in our study, we
only include midline hernias and patienis with complete
fascial closure which can represent a potential bias for the
result. Likewise, a potential bias for inquorate resulis can be
the level of expertise all data being collected from a limited
number of surgeons with large patient volume. The accurate
comparative analysis of ACS and PCSTAR is difficult to be
standardized in terms of preoperative evaluation, defining
outcomes, and interpretations. We can also consider as a
limitation the risk of over treating, especially in ACS group
of patients. Another limitation is the short follow-up period.
We considered in our report only immediate outcomes
because we cannoct evaluate the aceuracy of long-term out-
comes for the patients with ACS; the protocol of follow-up
m patients with PCS was not superimposed with the protocol
of ACS. Last, no emergency operation was included and this
is a serious bias for the quality of the results being known
that the rate of complications and mortality in this particular
situation is almost double.

Conclusion

Ohr study demonstrates once again that complex incisional
hernia repair is a challenge given by a large prevalence of
wound complications. Choosing between ACS and PCSTAR
is still a source of significant debate. We were not able to
depict significant different rates of complications between
the procedures and we could not find any specific factor
related to complications. The operative time and obesity
were factors related to more than two wound complications.
Future controlled comparative trials with standardized out-
come measures, particularly regarding the report of wound
maorbidity, are recommended to confirm our conclusions.
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Abstract

Background Fascial breakdown with the occurrence of an incisional hemia (1H) is an important and challenging complica-
tion of any laparotomy. For a long time. the success of the abdominal wall reconstruction (AWR) was measured only from
the surgeon’s perspective by defining outcome measures such as wound morbidity and recurrence. The understanding that
complete recovery is difficult to assess without considering patients has shifted the paradigm of optimal outcomes to Patient
Reported Outcome Measures (PROMS) and Quality of Life (QoL), which are pivotal to evaluate the success and efficacy
of AWR.

Methods We conducted a prospective follow-up study of 91 patients undergoing mesh-augmented abdominal wall recon-
struction for primary or recurrent incisional hernia between January 2021 and December 2023. Demographic data, comor-
biditics, and hernia charactenstics were recorded. All patients were evaluated preoperatively by a native abdomino-pelvie CT
scan to assess the charactenstics of hernia (length, width, surface, and volume of the incisional hernia sac and of peritoneal
cavity), the presence of mesh (if previously inserted), and abdominal wall muscles status. All intervention were performed by
the same surgical team according to the techniques described by Rives — Stoppa (RS), Ramirez (ACS), and Novitsky (PCS).
Abdominal wall function was asscssed using trunk raising (TR) and double leg lowering (DLL) measurements performed
preoperatively. | month, 6 months, and 1 year postoperatively. At the same time, pre- and post-operative quality of life was
analysed using the EQ-5D score.

Results Mcan age of 59.42 4+ 12.28 years and a male/female ratio of 35/56 were recorded, most of them being obese. There
were 36 (42%) patients with defects larger than 10 cm. The distribution of the type of surgical intervention was: RS 35
patients, ACS 13 paticnts, and PCS 43 patients. The mean value of combined score for the preoperative abdominal wall
functionality was 4.41 4 1.67 (2-8) while the mean value of preoperative EQ-5D index was 0.652 +0.026 (-0.32-1.00). QoL
was poor and very poor for 48% (44) of the patients who recorded index values less than 0.56 (50% percentile). Preopera-
tive EQ-5D index was highly correlated with Combined AWF score (#=0.620; p <0.0001) and the correlation was specific
(AUC=0.799; p < 0.0001; asymptotic 95%C1=0.711-0.923). At 12 months, the AWF scorc increased to 8.13+2.58 (1-10)
and the QoL total score to 0.979 £0.007 (0.71-1). Good and very good total scores for QoL were recorded for 47 patients
(84%) compared to 33 (36%) in the preoperative cvaluation (f with Yates continuity correction for two degrees of lib-
erty =46.04; p<0.00001).

Conclusion Our results suggest that patients can expect to see a significant overall improvement in all five components of
QoL measured with the help of Eq. 5D questionnaire. This improvement is dependent by hemia size, and some individual
patient’s factors (diabetes, cardiovascular discascs, and age over 60 years).

Keywords Truncal function - Incisional hemia - EQ-5D score - Rives-Stoppa + ACS - PCS - Quality of life
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Background

Fascial breakdown with the occurrence of an incisional her-
mia (IH) s an important and challenging complication of
any laparotomy. Estimated rates may be as high as 40% in
high-risk patients 2 years after midline incision [1, 2].

For a long time, the success of the abdominal wall recon-
struction (AWER) was measured only from the surgeon’s
perspective by defining outcome measures such as wound
mortudity and recurrence [3]. Bevond this, the results of
hernia surgery should be complete recovery with a sound,
fimctional abdominal wall [4]. The understanding that com-
plete recovery is difficult to assess without considering
patients has shifted the paradigm of optimal outcomes to
Patient Reported Outcome Measures (PROMS) and Quality
of Life ((jol), which are prvotal to evaluate the success and
efficacy of AWR. QoL and recovery of activities of daily
Irving have rapidly become key outcome measures in the
ficld of hemia surgery over the last decade [1. 5).

Assessing QoL in 1H repair is challenging, because not all
surveys are equally created and may not provide the same
amount of information [6]. Many hemia — specific or non-
specific instruments have been developed and are available
to assess functional health status; a recent review described
14 tools across 32 studies [7]. Six AWH-specific tools were
identified through an extensive literature search [8-12]
but none of them has been universally accepted and none
become dominant [11). Acceptability (completion rates),
reliability (how will a measure will provide similar values
for patients with similar Qols), and validity (how accu-
rately reflects what is supposed to measure) are influential
factors that can jeopardize the accuracy of QoL evaluation.

We hypothesize that patients with IH despite the size
and location of the defect demonstrate varying degrees of
ahdominal wall function (AWF) impairment and decreased
QoL because of this. Our study aimed to explore how AWF
and QoL are improved after different types of AWR. The
second goal was to identify which pre — and postoperative
factors are independently related and influence Qol.

Materials and methods
Patients

We conducted a prospective follow-up study of consecu-
tive patients undergoing abdominal wall mesh augmented
reconstruction for primary or incisional hernia between Jan-
uary 2021 and December 2023, The paper’s senior authors
(MT and OV) carried out the follow-up examination. All
the included patients were over 1% years old with pnmary
or recurrent incisional hernias and agreed to participate after
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the informed consent and if they completed the preoperative
and at lzast one postoperative quality assessment form. Sub-
sets of umbilical, trocar site. emergent cases, and parastomal
hernias were excluded. In addition, patients who refused to
participate and those in whom a mesh repair could not be
performed (VHWG type 4 — infected mesh patients) were
excluded.

Written informed consent was obtained for each patient.
The study was carned out under approval Ad 4528
925112020 of the Local Ethic Committee. Demographic
data {age, gender, ASA classification, Body Mass Index-
BMI, comorbidities) and hemia characteristics {previous
hernia repair, defect location, dimensions and surface, type
of procedure) were recorded from the data files. All patients
were evaluated preoperatively by a native abdomino-pelvic
computerized tomography (CT) to assess the charactenstics
of hernia (length, width, surface, and volume of the inci-
sional hernia sac and of penitoneal cavity), the presence of
mesh (if previcusly inserted). and abdominal wall muscles
status {width of the rectus muscle for retro-rectal space eval-
uation, the width and length of the lateral muscles). The full
investigational protocol has been reported elsewhere [13].
CT scanning was repeated in each patient after Dysport and
pneumopenitoneum administration to assess the effective-
ness of procedures.

Surgical procedure

All patients had intravenous and antithrombotic prophy-
laas according fo anesthesiologist protocol. Preoperatively,
when Sabbagh index was larger than 0.25, the abdominal
wall was optimized with the aid of chemical components
separation with Botwmlin Toxin A (Dysport™ Ipsen Pharma
500 1L} mjection according to Tharra — Hurtado technique
[14]. Dysport was administered 4 to 6 weeks preoperatively
in order to obtain the maximal effect. When larger defects
were associated with irreducibility of the hernia, Progres-
sive Preoperative Pneumopentoneum (PPF) was performed
according to a previously described technique [15]). Dura-
tion and volume of insufflated air where variable in accor-
dance with local conditions.

All surgical repairs were performed under general anes-
thesia by the same surgeons (OV and MT) according to the
techmigues descnbed by Rives - Stoppa [16], Ramirez [17],
and Movitsky [18]. The indication for one of the procedures
was consistent with the anatomy of the defect and the anat-
omy of the abdominal wall. After adhesiolysis, the perito-
neal sac was dissected, preserved until the final evaluation
of the possibility of fascial closure, and the abdommal wall
reconstructed. Whenever encountered, the previous mesh
was completely removed when possible.
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The abdominal wall was reinforeed with a medinm weight
macroporous menofilament polypropylene placed as sublay
or as an on lav. The mesh surface vaned between 3-to-3-fold
defect area respecting the principles of Mesh Defect Arca
Ratio {(MDAR) [19, 20]. The mesh was held in place with
synthetic glue fixation (Histoacryl™ B Braun). All patients
were drained with two suction drains on the top of the mesh
until the volume of the liquid was less than 30 ml for two
consccutive days. Excess skin was removed after antenor
fascia closure without routine abdominoplasty. Early mobi-
lization was encouraged postoperatively, and discharge was
performed after adequate oral intake and pain control with
oral analgesics. The drains were removed when the drainage
was less than 30 ml for two consecutive days (usually after
discharge if the recovery was uneventful).

Abdominal wall functional (AWF) evaluation

The function of the reconstructed linea alba was evalu-
ated with the aid of previously reported trunk raising (TR)
and double leg lowering (DLL) [21]. The test has proven
its reliability and we decide to continue using it. A team of
two examiners performed all measurements (O and MT),
cach performing both assessments. The combined scores
{compaesite or total scores) represent the AWF value and
are summanzed in Table 1. The AWF messurement was
done preoperatively, at 1 month, & months, and one —year

postoperatively.
Quality of life (Qol) evaluation

The EQ-5D is a concise. generic measure of self-reported
health, developed by EuroQuol group [22, 23]. Designed as
a self-completion questionnaire, it embodies two compo-
nents, a health state description followed by an evaluation.
The "5 in its name refers to its use of five dimensions to
describe health states domams: Mobility (M), Usual Activi-
tics (UA), Self-care (SC), Pain & Discomfort (PD) and
Anxiety & Depression (AD). A verbal 5-point rating scale
that allows the distinction of five levels (*5 L") of severity
assesses theme Level 1: no problems; Level 2: slight prob-
lems; Level 3: moderate problems; Level 4: severe problems;
Level 5: extreme problems per dimension and providing a
1-digit number for each dimension. The descriptive system,

Table 1 Abdominal Wall Funcisonality Combined score evaluaton
(the combined score 15 the sum of the value of tnank raising {TR) and
double leg bowenng {DLL

Trace 1-2
Poar 34
Fair 56
Cioosd T-H
Mormal &-10

15 shown in Fig. 1. Respondents were asked to tick boxes
to indicate the level of problem they were expeniencing on
cach of the five dimensions. The combination of these ticks
under each dimension describes that person’s EQ-5D self-
reported health state, often called an "EQ-5D profile’. Each
level of problem experienced is rated from one to 5 points
secording to self-experienced severity (one — no problem,
five - severe problems). Only one case must be completed.
The digits for the 5 dimensions health states were directly
converted into Romaman-specific single ndex values {utili-
ties) using country specific value sets [22). This was the
basis for the analysis. The second part of the guestionnaire
15 the EQ) VAS, so called because it incorporates a Visual
Analogue Scale. This captures the respondent’s overall
assessment of their health on a scale from zero (worst health
imaginable) to 100 {best health imaginable).

The test was translated in Komanian and applied to 38
patients with abdominal wall hernias for internal validation
in 2020, Cronbach’s o was .86 suggesting a shared dimen-
sions of the items. For the test — retest reliability, participants
completed the questionnaires after 3.9 +0.97 h (mean + 50)
apart. The ICC was found to be 0087 (95% Cl: 0.85-0.9)
Based on these data we considered that the test could meet
our QoL asscssment needs with minimal nisk of bias.

QOutcomes

The main outcomes of mierest were 3(0-day wound events
and general complications including 90 days mortality. Post-
operative wound events included Surgical Site Infection
(551}, Surgical Site Occurrence (550, and Surgical Site
Occurrences Requiring Procedural Intervention (SSOPL)
According to the Centre for Disease Control and Prevention
(CDC), 551 was defined as superficial. deep or organ space
[24]. Surgical Site Occurrence included any 551, i addi-
tion to wound cellulitis, non-healing incisional wound, skin
or tissue ischemia, skin or soft tissue necrosis, fascial dis-
ruption, serous of purulent wound drainage, stich abscess,
Seroma, hematoma, infected or exposed mesh, enterocuta-
neous fistula. Procedural interventions which were consid-
ered SS0PI included wound opening and/or debridement,
stich removal, percutancous dranage, partial and/or com-
plete mesh removal. Length of hospital stay, 30-day read-
mission and mortality were also analysed. Patients having
multiple wound complications such seroma and infection,
dehiscence and infection, were classified as the most severe.
The follow — up for this study was performed by personal
examination of one of the two senior authors. The patients
were examined in the outpatient clinic at | month, 6 months,
12 months, and yearly or whenever necessary if clinical
complaints were described. A recumrence was defined as a
bulge at the operative site at any moment of the follow-up;
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Under sach heading. please tick the ONE box that best descrbes your health TODAY,

MoBILITY

1| have no peoblems in wakng about

1 have siight problems in walking about

| have moderate problems in walking about
| have severe prodlems in walking about

| am unable 13 walk about

SELF.CARE

| have no problems washing or dressing mysel

1 have wight probl hing or ing mysed

1 have pr hing or ing rysed
1 have severs p hing of dressng mysel

| am unatie 12 wash or dress mysell

USUAL ACTIVITIES (0o work, stucly. hocsework, famly or lesure actvities)
| have no problems doing my usual actvities

| have siight probiems dONg My LSudl activites

| have moderate problems doing my usual activites

| have severe prodiems doing my usual activities

| am unatie 13 do ry usual activities

PAIN | DISCOMFORT

1 have no pain cr discomfort

| have sight pain o¢ dscomiont

| have moderate pain or discomfort
1 have severe pain or discooiont

| have extreme pain or discomfort

ANXIETY / DEPRESSION

| am rot anxicus of Sepressed

| am sightly ancious or depressed
| am mod 1y of depr
lam Y o

lam

Levels of problems reported by respondents on each
dimension are coded as follows:

levell=1
Level2=2
leveli=3
leveld =4
Level5=5

DODDG\ CIDOU@

The responses to the EQ-50-5L can be summarised as a
five number string, representing the levels reported on
each dimension in the order in which they appear in the
questionnaire. This five number string is an EQ-50 profile.
The EQ-50-5L describes 3,125 possible profiles.

No problems on any dimension = 11111

Unable to/extreme problems on all dimensions = 55555
Moderate problems on all dimensions = 33333

The profile indicated by the ticked boxes in the example
on the left = 21325

DQQ\DO

DODRD

Q\DOOD

Fig.1 EQ-5D-5 L descriptive system. Source: EuroQol Research Foundation. £Q-5D-5 L User Guide, 2019. Latest version available from: bitps://

curogol.org publications‘user-gusdes

clinical suspicion was confirmed by a native CT abdomi-
nal — pelvic CT scan. All postoperative data were collected
unblinded.

Statistical analysis

Data were tabulated as mcan + standard deviation (SD).
Continuous vanables were analysed by ANOVA variance
test followed by unpaired two tails Student’s ¢ test assum-
ing uncqual vanance and the binary outcomes with the Chi-
square (32) test. Pearson correlation coefficients with the
regression equation were used to estimate the correlation
between different cofounders. Correlations were consid-
cred ‘strong’ if the coefficient value lied between 0.50 and
1, were said to be ‘moderate” if the value hied between 0.30
and 0.49; and were considered *weak™ correlations if the
cocfficient lied below 0.29. Multivanate logistic regression
models were built with all the vanables as the outcomes

€ springer

of interest for QoL and AWF, adjusting for identified con-
founders. In addition to the variables of interest, the follow-
ing were included for adjustment: age, rank of recurrence,
severity of comorbiditics score, BMI, length, width and arca
of the defect, and pain. Multivaniate models were calcu-
lated with the lincar logistic regression and the results were
shown with the Odd’s ratio (OR) and the 95% confidence
interval (CI). A Receiver Operating Characteristics (ROC)
curve was designed to determine the specificity and sensi-
tivity of the cofounders in relation with the total amount of
QoL and AWF. Youden index was determined to calculate
the optimal cut-off value for cach cofounder. Values of the
OoL index were associated with the value of the standard
crror of mean (SEM) [23]. Probabilitics smaller than 0.05
were considered as statistically significant. SPSS statistic
version 23.0. 2018 (Ch., I1l) was used to perform the statis-
tical analysis.
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Results
Patient characteristics and clinical outcome

In the referred nterval of tme, 213 patients with incisional
hernias of various types and locations were admitted and
operated in the Department of Surgery. Of these, 91 met the
inclusion critena, agreed to parficipate, signed the informed
consent and were included in the study (Fig. 2). Most of the
patients were obese, 62 of them having a BMI over 30 kg/
m®. Demographic data, comorbidities and preoperative
characteristics are represented in Table 2.

Intraoperatively, the location and dimensions of the
defect were confirmed and compared with the preopera-
tive values; there were no significant differences (data not
shown). According to the defect width, Rives—Stoppa repair
was performed in 35 patients, Anterior Component Scpa-
ration with on lay mesh reinforcement in 13 patients, and
Posterior Component Separation with Transversus Release
in 43 patients. Intracperative details are depicted in Table 3.

Along this peniod, local and systemic complicabions
were recorded as follow: wound infection — 4 patients [4%),
hematoma — 27 (30%%), scroma — 26 (29%%), skin necrosis —
7 patients {#%). Acute Respiratory Distress Syndrome in 2
patients, and cardiac arrest also in 2. In the ICU were admit-
ted patients with ASA score higher than 3 and with more
than two comorbidities. The mean ICU stay was 164+ 1.72
days (1-10 days). Postoperative hospital stay ranged
between 4 and 21 days with a mean of 5.5243.236 days.
Global 30 — day mortality was encountered in four patients,
and it was due to pulmonary embolism, myocardial infarc-
tion, and Closindial severe infection. Complication rates
related to surgical procedure is detailed m Table 4. One-year
recurrence was 5% (5 patients).

Abdominal wall function and QoL data

At the end of the first year, only 56 patients completely filled
out the Quality-of-Life evaluation form.

The mean value of combined score for the preoperative
abdominal wall functionality was 4.41 + 1.67 (2-8) while the
mean value of preoperative EQ-5D index was 0.652 4 0,026
(-0.32— 100 (see details for each dimension in Table 5).
There were no patients with normal abdominal function
recorded preoperatively; most of them (43-53%) recorded
trace or poor function while only 11{12%) were with degrees
of good functionality. The preoperative QoL was poor and
very poor for 48% (44) of the patients who recorded index
values less than 0.56 (50% percentile). Only T of the
patient are recorded with good QoL scores (index values
over (LET-9(0% percentile). Preoperative EQ)-50 index was
highly correlated with Combined AWF score (r=(0L.620;

< (0L0001) and the comelation was specific (AUC=0.7%4;
p=00001; asympiotic 95%CI=0.711-0.923). Unrvariate
analysis shows a significant positive comrelation with the
age (p=0.004), diabetes (p=0.012), cardiovascular dis-
eases (p=0.016) and smoking (p=00.055). The preoperative
(oL index was negatively significantly correlated with the
age (p=0.002) but the comelation was not specific except
for a Youden index of 624 years. Length and widih of the
defect negatively, significantly, and specifically influenced
the value of preoperative index (see Table 6). In multivariate
logistic regression, the same factors (except smoking) were
identified as independent cofounders directly influencing
preoperative (ol {Table &),

At | month postoperatively AWF significantly increased
compared to the preoperative values (preoperative total
score 4.41 4+ 167 versus l-month total score 5624+2.04;
p<0.0001. The number of patients with fair, good. and
normal AWF increased from 43 preoperatively to 6% in the
first postoperative month (3 =8.36; p=0.003). The index
score of (oL was generally rated as good and increased
to 078G 0.02 (p<0.0001, 95% Cl of difference = 4.35
- -2.88) compared with the preoperative value. Comparing
with the preoperative values the difference was statistically
significant (' with Yates correction of continuity = 15.89;
p=0.00067)

Abdominal wall functionality increased at & months
postoperatively comparing to 1-month value of total score
(708 4+ 199 versus 5,62+ 2.04) (p<0.01). Of &5 respond-
ers, 50 were with good and normal AWF comparing to 31 at
| month postoperatively (3 =22.048 with Yeats comection
of continuity; g=0.00001). The mean QoL index score at
6 months postoperatively increased to (U894 4+ 0.011 (range
0.56-1) (p=0.037) (Fig. 3).

At 12 months, only 56 patients completed the evalua-
tion of AWF and only 48 filled the QoL questionnaire. The
AWF score increased to 3,134 258 (1-10) and the QoL
total score to 0.97940.007 (0.71-1) {Table 5). Good and
very good total scores for QoL were recorded for 47 patients
(#4%) compared to 33 (36%) in the preoperative evaluation
(3 with Yates continuity correction for two degrees of lib-
erty = 46.04; p < 0.00001 ).

In the first postoperative month, the mean percent of
increase in the quality of life was 423441593 (range
— 16.3 —527%) with 11 patients in the 75% percentile with
increases over 300%%. A significant increase with mean
percent of 8889+ 2378 (989 — 770%) was achieved after
the first postoperative year with 34 patients in the 50%
percentile (increases over 35.13%). The most significant
increase in (ol was achieved after the first postoperative
month (p< 00000, 95% CI of difference —65.15 - -27.95,
t = -5.03). and a smaller insignificantly one for the rest of
the period.
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2 Umbilical

14 Port-site
13 Emergency
7 Parastomal
12 Lateral

48 Patients

213 Patients

122 Excluded

47 Patients

91 Patients Included

Fig.2 The flow chart of patient’s distribution according 1o inclusion and exclusion criteria
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Table 2 Preoperative demographic chamctenistics of studied patients.
BMI - body Mass Index; COPD - chromc ohstractive Pulmonary Dis-
eaze; TV - Cardiovascular Dsease

Variable

Age (vears) (mean+ SI¥) {range) 5942+ 1228
(25-80)

Gender (male/female) 35/56

BMI (mean + 510) (range) 32.02+5.07 (20-47)

Daabetes (o) 273

Obesity (BM 1= 3 kg/'m’ B2 (BE%)

COPDN (%) B {%%)

CVD (%) 56 (62%)

Smokers (active) (Y} 19 (32%)

ASA score (%) ASA 1-T (B%)
ASA 1-TB (B6%)
ASA 36 (6%)

Recurrence rank Primary — 21
First — 27
Second — 13
Third — 13
Forth — 12
Fifth -5

Length of the defiect (cm) {mean + 503
range]
Width of the defect (cm) (mean + 50}

126+ 68K (3-30)

101+ 5.5 (2-30)

Table 3 Intmoperative detuls: VHWG (Ventral Hemia Working
Group), defect measurement. type of surgery, operalive lme, esh-
mabed blood kss, and mitmoperalive associated mnyury mie

Variahle MNumshber (%4)

Grade 3 VHWG classification 15 (16%)

Width less/'equal than 6 cm 25 (2T

Width between & and [0 cm 2R (31%uh

Width over 10 cm 3R (42%:h

Rives - Sloppa 35 (38%)

Antenior Component Separation {ACS) 13 (14%%)

Posterior Component Separation (TAR) 43 (47%)

Operative bme {manules) (mean + 50 150L27 4 52.9%9 {H0-I85)
Rives — Sloppa (R-5) 124.84 4 34.3 (602 1)

Postenior Component Scpamtion {TAR)
Antenior Component Separation {ACS)
Estimated Blood loss (ml)

Bowel imjury

Urinary bladder imjury

17437 £51.31 (BD-IK5)
14844+ 39.43 (K0-200)
134.5+ 7494 (D-350)
Q1)

2 (%)

Table 4 Postoperative complication rates related 1o the procedure

Confounders influencing QoL in pestoperative period
were analysed at 1 and 12 months. At one — month postopera-
tively QoL was correlated with gender (p=0.02 for females),
presence of diabetes (p=0.036), with the length of the
defect (p=(L05), presence of wound hematoma (p = 0L05),
ICU stay (p=0.03), acute respiratory failure {p<0.0001),
and preoperative and I-month total score of AWF (for both
p<0.0001). Multilogistic regression associated diabetes
(OR=0.003, 95% Cl=0.004-0.26; p=0.0012), length of
the defect (OR=0.029; 95% Cl=0.003-0.19; p=0.009),
wound hematoma (OR=0.0821; 95% Cl=0017-0.53;
p=0.0022), and intensive care umit stay (OR=0.21;
95%CI=0.044-1.07; p=0.041) as the only mdependent
predictors for QoL at | month postoperatively. No comelates
and predictors for Qol. were identified during the 12-month
evaluation.

According to the surgical procedure, the only difference
of QoL between groups was determined by the dimension
of the defect, significantly higher for patients with ACS and
TAR (Table 2). The preoperative value of (ol index was
significantly lower for patients with TAR compared with
Rives — Stoppa (p=0.003; 95% CI of difference 0L073-
0.33). There was no difference between the values in all
moments of evaluation despite surgical procedure.

The mean values of the QoL scores according to the
surgical procedure are represented in Fig. 4. Preopera-
tively, we recorded almost equal mean scores for the (oL,
but they were lower for the patients with Rives — Stoppa
repair and the difference was significant comparing with
ACS (p=0.007) and TAR (p=0.00023). Quality of lifc was
msignificantly different in patients with ACS compared to
TAR patients (p=0.528). Postoperatively, for all evalua-
tion intervals, the QoL for patients with underlay repair was
significantly ncreased compared to patients with anterior

component separation {Fig. 3).

Discussion

Traditionally the success of a surgical procedure was evalu-
ated by messuring short —term outcomes as utilization
measures (length of hospital stay, duration of surgery, read-
mussion, and post procedural complications). However, they

Wound Hematoma  Seroma Sk ARDS Cardiac ~ Mesh Recur-
infecton MNecrosis arresl imfection  rence
Rives-Stoppa 35 {18%) LT ] & (1) 4{11%)  O0(0%%) sy D) Uil 0 {{Puh
Anterior Componenl Soparation 13 (15%) 2({15%) 12 [42%) 13 5(38%) L {T%) 1 {§%) 1 (K%) 3
(100%%) (23%)
Postenior Component Scparation 43 (47 %) 2 {5%) D(21%) B{19%)} 2Z{5%) 1 {2%) 1 {2%) Uil 2 { 5%
Total- 91 4 {4%) 27 (30%%) 26 (F%) T (E%) 2 (2%) 2{2%) 1 {1%}) 5 5%
£} Springer
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Table 5 Postoperabive evolulion

v fime lapse
of qualsty of life dimensions e

Preoperatively

| 2Zmonths

posiopemtively

fimomths
pustoporatvely

Imonth

postoperatavely

and Qol. index ECH50. Data
are expressed as mean + S0 and
mean+ SEM for index valoes

Mohilay
Self-care

Usual activities
Pain/dscomfort
Anxicly'depression
EQ-5D Qol. index

314 £099(1-5)
309+ 1.14{1-5)
298+ 1.1{1-5)
215+ 1.0(1-5)
198+ 1.11{1-5)
06521 £0.24

208+ 1L00(1-4)
203103 (1-4)
LY+ 100 1-4)
1.53+0.82(1-3)
L9 +0.99(1-5)
0.THEL £0L1E

1.54+0.72(1-3)
L4 +0.72(1-3)
1.3 +067 (1-3)
113048 (1-2)
130+ 086 (1-5)
0504 1+ 0.8

LO7 £047 (1-2)
LO1+£0.41(1-2)
LO1£041 (1-2)
094 £0.30(1-2)
LO1£0.51 (1)
DATYE +0.05

Table 6§ Unavanate and multivarsate analysis related to demographics,
comaorbadibies, defect swe, recurrence rale, abdominal wall funchion,
and pam. COPD - chromc obstructive Pulmonary Discase; VD -
Cartivvascular discases; AWF — abdomanal wall function; OR ~Odds
ratse; 95%C1 - confidence 1nterval; AUC — area under curve (was cal-
culated only when the correlation was stabstically significant p <005

Variable Linavariate analyss Laogistsc
TEgTCSSIon
DR 95%Cl p
Age r=-0324; p=0002; (L06H] 0028 038
AUC=0.422; =LA
p=IL64
Gender r=-0.13%; p=02TH D.71 0y D22
L78
Dintectes r=0.260; p=0.012; D05y 00a2- a3
AUC =065, 1345
p=0.0215
Obesilty r=-0093; p=0382 1.501 0677 D318
1330
COPD r=-0L006; p=0956 1196 0.995—  Duikh
1437
vy r=0.315 p=0.002: D021 00ay- s
AUC=0.573; L9
p=0013
Smoking r=-0273; p=00055 040 07— 028
114
Lemgth r=-[385; 0OT71 or-  ax?
00001 iR 1]
AUC=0.TIT;
p=0.035
Width r=—0293; D.HE 07— 0zl
_p=“.|:“.'5: 0479
AUC=0.T6T,;
p=00117
Reecurrent r=0200; p={L168 017 oo2- Dl
1.54
Prespern=  r=-(LAZ0; LIEIE] K- 2
tive AWF  p00.0001; 0.26
AUC=0.T9%;
00001
Presperi=  r=(L442; p<(0HN0]; 0029 R TEE X
tive pain AUC=0.772; o019
< 0.0001

do not necessanly capture the effects of health outcomes
with significant importance [25].

Abdominal wall hemia patients have different experience
both pre and postoperatively compared to the daily lives of
the “normal population™ and have often suffered a significant
surgical history with subsequent physical and psychological

) springer

impact [26, 27]. This is the reason why the effects of sur-
gery on health-related quality of life are arguably the most
important outcome to measure in evaluating the effective-
ness of surgical care. Incorporation of the patient perspec-
tive on health and QoL produced in last decade a growing
body of literature [28].

Our results reflect the natural progression of postop-
crative recovery. Bascline patient characteristics showed
significant differences between preoperative and postopera-
tive (oL index value along studied intervals of time. Our
patients with symptomatic IH were more likely to be female
and more likely to have an mcreased BMI; the resulis are
in accordance with Schlosser et al. [29]. In patients with
small defects with high preoperative indexes of Qul, the
postoperative (pol records only a small increase. This could
be a debatable topic related to the moment for surgery and
could consider watch full waiting as an option in patients
with modifiable risk factors until the cormection. We could
not find in the literature such relation.

COur study shows a constant positive impact on QoL
despite surgical repair, that 15 significanily improved when
compared to preoperative values for all three studied surgi-
cal technigques. Even if the increase was not significant for
all patients the rate of improved QoL at the end of the first
wvear was superior to Langbach et al. who reported an overall
improved status in only 63%, with SF 36 questionnaire [30].
According to the same authors, an unmodified status was
recorded in 207 and a worst one in 17%. A corresponding
fraction of satisfied patients was reported in other studies
[31, 32]. It is difficult to explain such differences through
the terms of hemia characteristics, surgical procedure, or the
number of comorbidities because these data are equal. More
likely, i 15 a matter of self-reporting in accordance with
cultural differences but apart from these differences, there
15 @ broad array of factors difficult to define. One of them
15 probably the relation between expectations and experi-
ence. Although successful repair was achieved in $4% of
the patients, an important ratio report dissatsfaction with
physical function, aesthetic results and psychic condition.
The results are in accordance with van Veenendaal et al.
who reports 17% of patients with a worse status compared
to before operation [33].
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Fig.3 The evolution of abdomi- 10
nal wall functionality in relatson
1o the EQ-5D QoL index. The
dafference with the 1-month score
was sigmficant (p < 0.0001; $5%
Cl of dilference=2.51-3.51).
Data expressed as mean + S0

for AWF and as mean + SEM for
QoL mdex

£ &N o =1 Do WD

L= L N T

preop

Fig.4 E-5D (ol index in
relation 1o type of surgery; 1.2
Preop — preoperabively; Index
L=1-manth index value; Index

6 moaths index valoe; Index 1
12-12 moaths index valae.
Preoperatively scores for the QoL
were lower for the pall.-ﬂ'u: with
Rives — Sloppa repair comparing 0.8
with ACS (p=0.007) and TAR )
(p=0000023). Quality of hie |
was msignaficanily dilferent in 0.6

patients with ACS compared to
TAR patients (p=0.528). Data
expressed as mean+ SEM

0.508

PREOP

Initially. the mobility function remains quite low with a
mean overall increase slightly over 40% but this increase is
highly correlated and parallel with the increase of abdomi-
nal wall functionality. This, in correlation with the increase
of “self-care “and “activity” domains, suggest that the phys-
scal component of the QoL is almost completely recovered
with more than 807& after the first postoperative vear despite
the presence of complications. The lower scores on physical
domain generally seen among women [2%, 34] were not con-
firmed in our study. The worst improvement was recorded
for the *mental”™ domain and was dominated by the fear of

7.08
5.62
441
I 0.652 0.786 0.894
= = =

0.80
|
0. 32?
0.4
0.2

E.13

0,379

12 manths

1 month & ronths

mAWF  m Collndex
0.a97
|
0.98 pap7 |

ot usn 0.84
ﬂ |“ |

INDEX & INDEX 12

0?3

INDEX 1

mETOPPFA ®WRAMIREZ ®ETAR

recurrence, mesh related complications and subsequent sur-
gical intervention {data not shown).

Ohjective measurements of the abdominal wall fine-
tionality are difficult to be obtained for the current prac-
tice because of the major barriers in choosing the optimal
method for s representation. Dynamomeiry has been
established as a reliable and effective method to evaluate
AWF both with static and dynamic work [33, 36). Despite
offenng an objective approach with less subjective nter-
pretations bias, the method is highly expensive, has limited
flexibility for conducting tests in other locations, and the

£\ Springer
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number of investigated patients is too small to have sound
conclusions [37-39]. Our study, using clinically validated
tests [4()], demonstrates a profound alteration of the abdom-
inal wall musculature, especially in patients with large inci-
stomal herneas and this limitation was highly comrelated with
the preoperative (oL in the developed regression model.
These results are in accordance with the study of Strigird
et al. who demonstrated with dynamometric evaluation a
decrease of functionality in patients with hemnias larger than
10 em wide [37).

As the area of the defect increases, there is a proportional
decrease in the AWF and also in QoL; patients with defects
ranging from 6 to 10 cm width have altered but better AWF
comparing to patients with defects larger than 10 cm and the
difference was significant. There is such a strong correlation
that it seems safe to conclude that the width of the defect is
the one of the most important determinants for the degree of
lost function [21].

Abdominal wall specific surveys have been developed to
assess AW — QoL with greater utility than general health sur-
veys [10]. S0, why we choose a non-specific questionnaire?
The EQ-5D was suitable and adaptable for translation and
implementation to Romanian population. In addiion, the
value sets for Romanian population were available [23] and
allow us to casily caleulate index Qoll. The EQ-5D tallored
fior the pre and postoperative states provides 5 items quickly
and easily completed by the patient. Our precperative
study revealed a good acceptability, reliability, and validity.
The design of the questionnaire quantifics genenc patient
reported outcomes based on all affected incisional hernia
domains {mobility, self-care, usual — activitics, pain, and
anxicty/depression). Even if the response rate after | year
was only 56%, there are studies that quote response rates in
the low 30% range as adequate, with 8 mean response rate
of 50-60% [1]. Results from each symptom can be aggre-
gated to calculate an overall index limitation. Owverall, our
questionnaire demonstrates a large effect size between pre
and postoperative scores and captures the improvement in
Qol. QoL scores from EQ-3D have been shown to be com-
parable to those of Carolinas Confort Scale [R].

Chur study is not without limitations. Although data was
collected in a prospective manner, this study remains obser-
vational and current data should cautiously interpret. Our
data cannot be extrapolated to another population under-
going surgical repair because they are specific to a subset
with cultural, ethnic, and educational particularities. Being
a single experience team cohort of patients” needs valida-
tion in other Romanian population. A team of dedicated
surgeons performed all surgical procedures, can represent a
selection bias and the results cannot be extrapolated to gen-
eral surgical population. The follow-up is relatively short
(many of the sequels which can severely impact QoL are

&) Springer

reported later) and the small sample size with reduced rates
of responses can be considered a selection and collection
bias. Last, our cohort consists only of elective patients and
this can be considered another selection bias,

Conclusion

A significant overall improvement in all five components of
(ol measured with the help of EQ) 51 questionnaire was
demonstrated.

This improvement is dependent by hemia size, and some
individual patient’s factors (diabetes, cardiovascular dis-
cascs, and age over 6l years).

Further studies should delineate what factors affect EC).
5D scores and to validate the questionnaire to a population
level as being an effective tool for hemia assessment.
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