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Background and aim

The field of pediatric surgery has undergone numerous changes throughout the
past few years.

First of all the laparoscopic surgery, introduced with reluctance because many of
the instruments were not appropriate for their tiny patients. Finally, the often
quoted benefits of smaller scars, less pain, and shorter hospital stays had not
been shown to be true in the pediatric patient. However, in the mid 1990s,
surgeons began to publish their laparoscopic pediatric cases, showing
laparoscopy to be a potential alternative for these patients. When pediatric
surgeons began to perform laparoscopic procedures on small children and
neonates, they were often forced to use instruments designed for adult patients.
In the mid 1990s, 2- and 3-mm instruments were developed, which allowed
surgeons to work with greater ease in confined spaces. Around the same time, a
neonatal insufflator was also developed. In contrast to adult insufflators,
neonatal insufflators deliver CO2 in small, controlled puffs. This technology
reduced the risk of over-insufflation that was often associated with using the
oversized adult insufflators in small children. Over-insufflation can often be
accompanied by a significant increase in end-tidal carbon dioxide, or the
measurement of the amount of carbon dioxide in the expired air. If this is not
adjusted for by the anesthesiologist, overinsufflation can lead to significant
pulmonary complications in already fragile neonates. With these advances, more
pediatric surgeons are expanding their repertoire of minimally invasive

operations.



Not only are they increasing the number of cases that can be performed
laparoscopically, but they are also showing that they can be safely performed on
neonates weighing 5 kg and less.

In parallel the regenerative medicine was a relatively new field.

This combining tissue engineering and cell transplantation, with the aim of
replacing damaged tissues and organs using living cells.

The regenerative medicine could lead to new ways of repairing or replacing
injured organs, even during fetal development and therefore even children could
benefit from this exciting field. Moreover, particularly in the field of tissue
engineering, there has been a remarkable contribution from academic pediatric
surgeons such as Anthony Atala and Joseph Vacanti.

Congenital malformations are major causes of disease and death during the first
years of life and most of the time functional replacement of the missing or
damaged organ (or tissue) remains an unmet clinical need. Tissue engineering led
by advances in two specific fields, cell biology and materials science, has
combined to create the perfect biological substitution, while materials science and
polymer generation, both of natural and synthetic origin, have had constant
evolution.

This thesis reports the results obtained during my PhD course in “Human,
Reproduction, Development and Growth” (XXV Cycle) from 2009 to 2012.

During the past 3 years I have been focused my research in these main fields
following 3 lines of research:

Evaluation of changes of intestinal adaptation in animal model of short bowel
syndrome and the possibility to increase the intestinal surface used a 3D scaffold
as guide for the lengthening of the intestinal wall until complete absorption of the

same scaffold



Study of the possibility of increase of the bladder and urethral surface used an
animal model and a 3D scaffold as guide until complete absorption of the same
scaffold in bladder

The standardization of laparoscopic techniques in pediatric patients by

multicentric study.
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Capitolo 1

Regenerative medicine and tissue engineering

Regenerative medicine is a relatively new field, combining tissue engineering and
cell transplantation, with the aim of replacing damaged tissues and organs using
living cells. However, stem cell biology and regenerative medicine could lead to
new ways of repairing or replacing injured organs, even during fetal development
and therefore even children could benefit from this exciting field. Moreover,
particularly in the field of tissue engineering, there has been a remarkable
contribution from academic pediatric surgeons such as Anthony Atala and
Joseph Vacanti. Tissue engineering led by advances in two specific fields, cell
biology and materials science, has combined to create the perfect biological
substitution, while materials science and polymer generation, both of natural and
synthetic origin, have had constant evolution. The possibility of expanding cells
(stem cells) outside the body has been the key driver for most of the recent
advances in regenerative medicine. Stem cells are defined as unspecialised or
undifferentiated precursor cells with the capacity for self-renewal and the ability
to give rise to multiple different specialised cell types. They are present in the
embryo, fetus, cord blood and many adult tissues where they maintain their
undifferentiated status during an entire lifetime. However, their potential changes
with timeThe zygote and its first few divisions are totipotent stem cells (able to
generate all the body's tissues together with the placenta and cord blood). At the
blastocyst stage, pluripotent embryonic stem (ES) cells can give rise to all lineages
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belonging to the three germ cell layers. Later on, during fetal development and in
adult life, there are only multipotent cells able to give rise to all lineages belonging
to a single germ layer or unipotent cells capable of generating only a single
committed phenotype.

While pluripotent ES cells are highly proliferative, multipotent adult stem cells
have a limited proliferative capacity and therefore their use for therapy may be
impaired. However, the latter have an advantage over ES cells in being usable in
an autologous setting and, most importantly, to not be tumorigenic.

The biomaterials according with National Institutes of Health (NIH), as “any
substance (other than a drug) or combination of substances synthetic or natural in
origin, which can be used for any period of time, as a whole or part of a system
which treats, augments, or replaces tissue, organ, or function of the body.” With the
advent of tissue engineering and regenerative medicine in recent years, the
definition has broadened to include “any material used in a medical device
intended to interact with biological systems,” allowing for structures and
combination devices that actively interact with the body to be included in the
field. Biomaterials can be synthetic (ie, those made by man) or biological (ie, those
produced by a biological system). There are different type of biomaterials: metal,
ceramic and polymer. The last one was object of our study during the last 3 years.
Polymers are the broadest classification of biomaterials.

These long chain, organic molecules are versatile in their composition and
properties, finding use in surgical tools, implantable devices, device coatings,
catheters, vascular nyurafts, injectable biomaterials, and therapeutics. There are
several advantages to using polymers for biomedical applications, including
relatively low cost, ease of manufacturing, history of use, and versatility. Selection

of the appropriate polymer for a clinical application requires the consideration of



several different parameters to achieve the ideal set of material properties.
Biodegradable polymers have evolved over the last 35 years. On implantation,
these materials are gradually replaced by regenerating tissue in vivo, breaking
down into safe products that are subsequently metabolized and/or eliminated
from the body. Poly(lactide-coglycolide) (PLGA), polycaprolactone, polyanhydrides,
and polyphosphazenes are common examples of synthetic degradable polymers,
whereas starch, chitin, collagen, and glycosaminoglycans are examples of natural
degradable polymers.

We focused our attenction to two potencial fields of interest in pediatric age: the

short bowel syndrome and neurogenic bladder.
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1.1 Short bowel syndrome (SBS)

Intestinal failure is a chronic condition consisting in the bowel’s inability to meet
all of the body’s nutritional needs, which leads to the need for parenteral
nutrition for patient survival and growth.

The surgical short bowel is the most frequent cause of intestinal failure and
consequent need for total parenteral nutrition — with all the related risks. The
earliest descriptions of SBS in the published pediatric studies cite midgut
volvulus and intestinal atresia as the most common etiologies, but more recent
data suggest that NEC is the largest contributing agent The symptoms are
intestinal malabsorption often correlated with the length and function or the
residual bowel.

In older children and adults, multiple resections for Crohn’s disease can be
implicated, as can long-segment resections for ischemic vascular disease,
radiation enteritis, malignancy, trauma, and adhesive obstruction. Other causes
for intestinal failure include intestinal motility disorders and mucosal
enteropathies.

Accurate estimation of SBS incidence and mortality remains difficult due to
variation in the SBS definition between studies, lack of comprehensive follow-up,
and inability of tertiary institutions to clearly define their study population
because of complex referral patterns. Estimates of incidence and mortality would
be helpful in enabling health care personnel to appropriately counsel parents,

allocate resources, and plan clinical trials.
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SBS can be classified into 3 anatomical subtypes: (1) Small intestine resection
with a small bowel anastomosis and intact colon; usually, some ileum is
preserved. (2) Small bowel resection with partial colon resection and resulting
enterocolonic anastomosis. (3) Small bowel resection with

high-output jejunostomy. Type 1 is the best tolerated subtype with the most
optimum adaptive potential. Interestingly, it is also the subtype that is most
represented in animal models of SBS. Type 2 is more commonly encountered
clinically as NEC commonly affects the ileum and

right colon. Type 3 is the most challenging subtype to manage due to the high
fluid replacement requirements Massive jejunal resections, on the whole, are
better tolerated than large ileal resections. Massive ileal resections tend to result
in an inability to resorb both dietary fluid and fluid secreted by the jejunum to
maintain iso-osmolality with the enteric lumen. The tight junctions in the jejunal
epithelium are more “leaky,” allowing free transit of fluid and salt across the
mucosa to maintain an intraluminal concentration of 70-90 mmol/L. The ileal
mucosa is much “tighter” with a net absorption of fluid and salt. Additionally,
these resections are associated with impairment of resorption of vitamin B12, bile
salts, and fatty acids. In turn, disruption of the enterohepatic circulation and the
delivery of unabsorbed bile salts into the colon stimulate colonic secretion and
promote motility. In time, the colon may adapt to the delivery of large volume of
solutes. It will also augment energy absorption through the metabolism of
unabsorbed carbohydrate

into short-chain fatty acids by resident bacteria. There is a clear correlation
between intestinal length and patient outcome, but there is much more to the

equation than absolute bowel length. The region of intestine remaining, the
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primary diagnosis, the functional capacity of the residual intestine, the presence
of colon, and the age of the patient are all

relevant.

The period following intestinal resection, so, is of fundamental importance for the
adaptive response that ensues, which is characterized by intestinal hyperplasia,
defined as intestinal adaptation. What is meant by intestinal adaptation is a set
of morphological and functional alterations involving the residual intestine after
massive resection. There is an immediate response to resection and the primum
movens is the loss of intestinal tissue and the wider the resection, the more
intense is the adaptive response.

After extensive small bowel resection, the remaining intestine undergoes
compensatory changes to maintain its absorptive function consisting of an
increase in small intestinal mucosal thickness, villus length, and crypt depth.
Intestinal crypt cells activate pathways of gene expression of adaptation and
development resembling the developing immature intestinal tissues.

These changes are interpreted as a homeostatic response to increase the
remaining digestive-absorptive surface. A crucial factor of adaptation is the time
of changes. When a large part of the intestine is suddenly removed, a prompt
response is needed to ensure transepithelial ion fluxes, restore the barrier against
bacterial translocation, and restart motility. Timely changes are essential for
survival; however, intestinal adaptation, its mechanisms, and times are still
largely unknown.

Our endpoint heve been: investigation the segment- and time-related changes in
rat short bowel syndrome and intestinal adaptation after implant of 3D scaffold

in an animal model of short bowel syndrome.
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Animal model of short bowel

Wistar rats weighing between 210 and 270 g were used.

The animals were housed in individual cages, under a 12-hour light-dark regimen
and humidity and temperature control.

Surgery was performed on animals anesthetized with diazepam, ketamine, and
medetomidine.

The length of the small intestine from Treitz ligament to the ileocecal valve was
measured in situ, still attached to the mesentery, under constant tension. Then,
75% of the mid-small bowel was resected, leaving the proximal 12.5%
corresponding to the remaining jejunum, and the distal 12.5% corresponding to
the remaining ileum. A primary end-toend anastomosis was performed and the
length of remaining small

intestine ranged from 13 to 20 cm.

Animals received 5% glucose solution after surgery, wetted food from the second
day after surgery, and then were allowed free access to food. Postoperative
analgesia and the antibiotic enrofloxacin were given and animals’ weight was
recorded daily.

The animals were fed a normal standard diet with no restriction on food or water
supply for 1 week before surgery.

Before surgery, rats were fasted overnight and weighed.

On the first postoperative day, rats had free access to water and rodent diet.

13



The animals were killed by CO2 inhalation 2, 7, and 15 days after surgery
because adaptive intestinal changes reach a plateau 15 days after intestinal
resection in rats

The experimental protocol was approved by the local Ethics Committee of the
Ospedale Cardarelli (n. 1292/09/ CB; February 3, 2009). The animals were treated
and housed according to national and international regulations governing the use of

animals in scientific research.
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Segment- and time-related changes in rat short bowel

syndrome

The aim of the present study was to investigate the segment- and time-related
changes in rat short bowel syndrome and construct a 4-dimensional (4D)
geometrical model of intestinal adaptation.

The results of this study has been published on Journal Pediatric

Gastroenterology and Nutrition, see the manuscript below
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RESULTS

General Andings
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niestine. Fifieen days afier surgery, the small misstine showed
an inoresse in mass of 48 2% & 76% over hassline. The adaptive
changes had & well-defined segmental pattern. Figure 1 A shows the
magor macrosoopmcal fndings 15 days pog-surgery. Changes were
clearly evident in the ileum: it w:'gl‘l.hn: was almest 2-fiokl
i gher tham in shameresecied ammalk. The stomach, the duodenum,
and the jejunum wnderwent minor not sign ficant mnd:iﬁ:ﬂim:,
although there was a 1 lru'ld. d am 1 in I]] J
segments, which could be intery d 2 an exp af
adepiation. Finally, the proximal -'I'lll:d.nh] oolomc segmenis
wene virally unchanged afier small bowel resection Z, 7, and 15
days after surgery compared with shem-ressctesd and control rats
Taotal bowel thiclmess. showed & similer ssgmental patiern with the

ileun undergoing the mest evident changes (Fig. 1B}

Microscopical Evaluation

At microscopic evalmtion, misstinal adaptation comisied of
an moresse in vills height, crypt depth, and macosal thickness in
thejejumum and ilewm. The moresse m vills height ocounmed 7 days
afier surgery in the 1leum, wh villus adaptation d 15 days
afier surgery in the jejumum (Fig. 1 ClL The arypl adaptive respomse
was 2 distinct time-dependent process with a peak at day 15in hath
tlewm and jejunum (Fig 10} Twa days after surgery, no changes
were found in length and crypt depth, m the jeumum, or n the
lewmm. Orverall, the i lewm was the magjor site of nfestinal adaptation ;
the magjor madi fications were chserved 15 days afier srgery, and
oonsised of an moresse in both villie height and aryptdepth. Vilhis
height and crypt depth were sigmficanily incressed ako in the
Ejunum akbeit o a lesser extent than in the lleum. There were no
subsantial changes in the stomach, duademum, or colon (data not
shown

Tao evaluate whether the different adaptive rspomes of
miestinal segments were linked io segmenispec fic resmcturing
af the miestinal architectne, we analyzed the villsryptratio inall
af the miestinal segmenis. This ratio was comserved in all of the
iniestinal segments and there was a closs overlagping of numer i cal
values hetween d and shamms d animals at 15 days post-
sugery (Fig I}

Wi [DgrLong
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FIGURE 1. A, Total wet weight modifications in difierent intestinal segments 15 days after exiensive small intestinal rsedtion (blad: bars)
compred with s ham-resscied animals (white barsy * P 01 v ous shamnesected. B, Total bowel thicknes in differentintesinal ssgments 15
daysafterextemsive smallintestinal revection fblack bars) compared with sham-ses ected animals (erhite bars); P < 0,001 versussham-mseced. C,
I zse invilllus height and onypt depth i in jErmum and| ieum 2 (nh‘beh-:r‘ 7 (grey bar) and 15 days (hisck bar) after extensive smoll intestinal
ressction wersus sham.resecied animals. P < 0005 vemus shamresscted P 001 wersus shameresscisd.

Light microscopy did not reveal evidence af inflammasiorny
changes in the ileumn or jejunmum. This indicates that the cheerved
changes were hacamse of a tme compemainry nonesses in e thelial
cel] mass, rather than io a change m mflammatory Mmool fmd
oorient.

111

FIGURE 2. Villuz/coypt rafio in different small bowsl s=gments 15
diays after extensive s mall indes final ressction hisck bars) compared
with sham. resected animals (white bam).

Willulangerypt depth
a
1

W pgr. ong

Morphometrical Bvaluation

The different adaptive paten m the jejumum and ileum
apports the hypothesis that adapiabion & the resml of distinct
mechamisms. To addres this issue, we aml yred the segmeni-specific
mexphametric changes af the ntestinal smcure, Thenumber af vilk
per linear millimeter of muosa was calonladed for esch niestinal
sepment. The ares and vohome ofvilli wene also messured m all of fhe
segmenis. Fimally, the overall increase aof the intestma arface was
changes were observed 2 days afier srgery, although differences
were not sign ifi cant . Adapisdion hecame progressvel y more evident
at suhsequent olservations. The mumber of villi in the ileum was
sigmificantly lower in imalk than in sh
amimals. In perallel, sructural meaodi fications. wene found n the ileal
villus archiscture, that &, thes was an morse both m the d meter
af the villus hese and in villus height (Fig 3 ). In comtrast, he number
af villi m the jejumum wa similar io that chserved m shameresecied
amimals; however, jejunal villi wene knger, wheneas the diameter of
the villus hase remained unchanged (Fig. 3L

We ﬂ.ﬂl.tﬁed a time-related incresse in

m the j and ileum (Tahle 1}, which 1r|dﬂu
121 the time mpﬂﬂnmdﬂ: type of anchitectural nestructune

- ]

3
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FIGURE 3. Compantive andytical histology of jejunum and Beun 15 days after extensive small intestinal resection compared with sham.

at the

resected animals (control). Al of the fiekd h
inceased (Hack vertical bars). Base d C

chanoed (hisd hors

ﬁmn(Zmeopidmm)h the jeunum, villusheight &

i bas), and crypt depth isincras ed (white bas ). The number of vill &

unchanged (bisck cirdes). In the fleun, vi.he,t(ﬂutvu‘hdh:).ﬂhn" am

of villli is d

(white bars). The numk d (Hiack Groles).

were both segmentspecific. There were no modifications 2 days
after , whereas there was a significant increase in villus
heght and crypt depth at day 7 post-surgery i the ileum and at day
15 pastswrgery in fhe dleun -:!muunwmboﬁur
ments, the area and the val of the 1 1]

mdhqxnnnmd’-rﬁu-u,bdthhlofd:qa
ocoured in the ileum, which suggests that the latter p.

d (black horimntal bans). Crypt depth &

Construction of a 4D Model of
Segment-specific Intestinal Adaptation

The adaptive changes in jejunum and ileun were associated
with a segment-pecific restructuring of epithelial architecture.
Bndmhmphﬂ:ddﬂ,nlbmemddof

highest adaptive plasticity (Fig. 4). Changes were ahohunlh
ileum fhan in the jejunum with an increase of >50% of surface area
7 days afier swrgery in the ileum versus 5% in the jejunum. The ileal
segment located distally o the anastomasis was the major site of
adaptive changes, which comprised mainly an mncrease of total
bowel thickness, weight, and volume (Figs. 1 and 4).

;F d to sham d rats, the number of
villimm® of mucsa did not change in the jejunum, whereas it
decreased in the ileum. This observation, fogether with the changes
n bowel thickness, wet weight, height, and dismeter of villi,
strongly suggests that adaptation takes place in the jejunum and
dleun with segmentspecific events. In the former, the mucasal

‘“m&nmofw&
1g. 5). Camp

TABLE 1. Comparative morphometric p of the adaptive resp n = and deum
Villus height Crypt depth Na villimm® Memn shaorptive
(maan %= SD) (mea %+SD) (mean % =Sy fmean %+ SD)
Jejumeam Tleam Jej wmam Beum Jejumam Desm Jejazam Tl
2 days +1x05 0002 [EZ R 42802 ~14+07 -£1+09 4254208 46505
7 days 46+0.1 127402 415202° 41237209 413202 ~195+05" +506+02 46497406
15 days +29+03" 439+05" +30+01" +398+05" +54 203" -207+01" P09 1815007
Data we exp das % of i aver baselin
P <005 vem 2 days.

4 www.jpgn.org
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FIGURE 4. Tmec of modific f villusvolume and

areain the punum and deun 2 (white bax), 7 (gey bas)and 15 days
(black bass) after extensive small intestinal resection wersus sham-
resected animals. *P < 0.05 versaus sham.ssected; ™ P <001 vesus
sham.msected.

increase was associated with an increase in villus height,
hereas their ber and di
in the ileum, the mucosal increase was the result of a massive

DISCUSSION
The total miestinal shsoptive aseais appx
EOmzmuhlhm lnmvulunsafmdlanlmdnnn-
tural segment of the 1 ] -ul‘ i
I-vedxﬁuuu chani ahsarption and
for the n-qlllelm! flux d'ehtdyta In SBS, utullve uls-

0

lu-l ecti ddenly leads to a dn
,_L'_n"L of hydroel ‘;“unponall
P SRS YT Y - RCAE Dol 7 5

mutrition for survival (18,19). In recent years, the anatomic defi-
mtion of imeversible SBS has changed and, in parallel, the outcome
of patients has improved The longer survival of chiklren with
severe SBS provided the oppartunity to observe the ability of the
luuhhgilnﬁmbdqiowﬁm(m).AmiM

by the time of refeeding and ather cl ] variables such as age and
mhhma!m(‘Zl),hwevu,mmmrmM there was a clar
segment-specific pattern of adeptation. A major diffe in the

adeptive reponses of jejunum and lleun was the 6

mteern of adeptation Two days afier resection, the muocasal
marphology of the rat jejunum and ileum did not differ from that
of controks. Adaptation was completed m the ileum within 2 to
7 days, whereas adaptive changes continued in the jejunum at
15 days postswrgery. We do not know whether jejumal changes
were campleted at 15 days; however, the adaptive reponse was
found to mach a plateau afier 2 weeks m similar anmimal modelks of

increase in villus height and & , wh

decreased (Fig. 5). Villus area and volume were much larger in the
distal leum han inthe proximal jejunum; asa result, the nutrient
absorptive surface area was strikingly larger m the distalileumn. In
contrast, the stomach and colon were not mwolved m the
adaption processes.

did not change. In contrast, short gut (22,23).
The p inal acptation that we ohavd
the villus numb bhles the mtinsic develog of 1 ine during embry
devel Inh inf3 the i grows more rapidly

Mmg!hlumnsuoqumcy, doubling its length by the
40t week or term gestational age (24,25). In contrast, the ntestine
n rats % immature at birth, but grows rapidly starting from the time
of weanling at 18 to 22 days unti] reaching a plateau at 5 weeks of

FKZU‘S Graphic model of fhe timecelsted adapti resp
d ik The 4D g L mclidwls

abserved in the rat shost bowed mode| showing the mucaosal adaptation in the
d using dsta on villus height and base width and crypt depth as a function of time after

bawdtesecbm hm:anmdﬁemmzhmmm A diffierental adaptive response was dbserved in the

jeunum and fleun. In the formes, villi he ghtwasslighty i
but their valume became very large (large vili pattern).

wwwjpgn. org

d (#hin villi pattern). In

t, in the feum, the number of vili was decsased,
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age (26). In our madel, fleal architecture underwent magor meadi-
fcations. & magjor inorease in surface ares and volume was ass0cis
ated with a reduction in villi number. This lad toan overall noresss
in villi surface. From the fimctional point of wview, these changes
emhance the adaptive response becase the lleun & the madn site af
ahsorption of liguids, thersby al lowing prompt resiomation of tans-
epithelial :mﬂmu-ﬂdmmmm ﬁl:dl nlnlm]],l :I!-
an shantage m fEms af Wom

imtestmal meadi fications.

In an attempit io resione the imedmal fimctions, the adaptive
respomse i finThy functional in tenms of the restrocturing hecam se thene
i%an incresse i shaoptive surface ares in & relatively shost period.

Baoth drugs and muirients have been nsad to stimulate o=l
growth and proliferation in 35BS, namely, mslin {27}, growth
homone and GLP-2 (28,29), gluamine, arginine, xinc, and,, mane
mecenily, lctaferrin (30-32). The 30 model provides a tool 1o
imrestigate the type and amount of foel necssary (o optimine
ahsorptive changes and promote intestmal sfficiency. The 3D
marde] was approached by other auth Lizoet al (33 ) constructed
a 30 surface madel of different gastromiestinal tracts, from the
siomach i the colon. Their meonsoopic made]l was developed 1o
sy the geometry and the morphalogy of the visceral argans to

k the v ] dz jom and curvatnne during siness evenis.
The 30 madeling approach is a quantitative method that could be
used 25 a wseful and amlytical ool to study the biochemical
properties of intedinal mucosa @ different physological and
pd'lq)hy!dq;ﬂ]lﬂ:m.

intestinal ction resulis in a

thf&rmlll] Ih:rln: respamse in the remaining proximal and dstal
small miestinal segments. The bulk of changes & ohserved in the
ilenm distal i the snminmeoeis, wheness the sdaptive response is
less evident in the jejumm and does not imvalve fhe colon. The
respomses follow a di fierent time- and segmeni-nelated pattemn. Our
findings show that the ileum plays a major role in postresection
adaptation. This & reflected n the better outoome olserved in
patienis with SBS with pressrved rather than removed ileocecal
wabve (34,35). Sparng even small segments of leum could resultin
axdlaptive changes that may be eventually associated with restoration
af full intedtinal digestive absorptive functions in children wnder-
gaing extensive misstiml ressction

Ackmwledgments: The authors thank Mario Mastd amd Dr
Marilena (liva for expert echnical asistnoe. This manusoript
was edited for English bngmage, grammar, pmcomation, spelling,
amd averall style by Jlean Ann Gilder.
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Conclusive remarks

Accurate estimation of SBS incidence and mortality remains difficult due to
variation in the SBS definition between studies, lack of comprehensive follow-up,
and inability of tertiary institutions to clearly define their study population
because of complex referral patterns. Estimates of incidence and mortality would
be helpful in enabling health care personnel to appropriately counsel parents,
allocate resources, and plan clinical trials. The longer survival of children with
severe SBS provided the opportunity to observe the ability of the remaining
intestine to adapt over time. Adaptation is affected by the time of refeeding and
other clinical variables such as age and nutritional state.

The extensive intestinal resection results in a differential adaptive response in the
remaining proximal and distal small intestinal segments. The bulk of changes is
observed in the ileum distal to the anastomosis, whereas the adaptive response is
less evident in the jejunum and does not involve the colon. The responses follow a
different time- and segment-related pattern. Our findings show that the ileum
plays a major role in postresection adaptation. This is reflected in the better
outcome observed in patients with SBS with preserved rather than removed
ileocecal valve. In an attempt to restore the intestinal functions, the adaptive
response is fully functional in terms of the restructuring because there is an
increase in absorptive surface area in a relatively short period.

Sparing even small segments of ileum could result in adaptive changes that may
be eventually associated with restoration of full intestinal digestive absorptive

functions in children undergoing extensive intestinal resection.
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Preliminary study of neointestinal rigeneration

The current approaches and knowledge for neointestinal regeneration, unlike
intestinal adaptation, are still unsatisfactory. Biodegradable 3D scaffolds,
PL/PGA have been used for regenerating the small intestine.

The aim of this study is to evaluate the feasibility of PGA/PL scaffolds for
intestinal regeneration in a rat model.

Methods:

50 Wistar rats weighing between 210 and 270 g were used.

The animals were housed in individual cages, under a 12-hour light-dark regimen
and humidity and temperature control.

Surgery was performed on animals anesthetized with diazepam, ketamine, and
medetomidine.

The length of the small intestine it was not measured in situ, to avoid intestinal
manipulation.

A 3D tubulized scaffold was anostomized site-to-site with ileal bowel after a 2 cm
of of ileal rection.

Animals received 5% glucose solution after surgery, wetted food from the second
day after surgery, and then were allowed free access to food. Postoperative
analgesia and the antibiotic enrofloxacin were given and animals’ weight was
recorded daily.

The animals were fed a normal standard diet with no restriction on food or water
supply for 1 week before surgery.

Before surgery, rats were fasted overnight and weighed.

On the first postoperative day, rats had free access to water and rodent diet.

The animals were killed by CO2 inhalation 7, and 15 days after surgery .
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The experimental protocol was approved by the local Ethics Committee of the
Ospedale Cardarelli (n. 1292/09/CB; February 3, 2009). The animals were treated
and housed according to national and international regulations governing the use of
animals in scientific research.

Preliminary results

In early experiments, the use of hard silicone stent as tissue scaffold in 11 rats
was unsatisfactory for neointestinal regeneration. In later experiments, when a
soft silastic tube was used, the success rate increased up to 90.9%. Further
analyses revealed that no neointestine developed as macroscopically evaluation
has show

10 rats with implant of PL/PGA 3D scaffold died between 6-10 days after
surgical procedure.

In 3 rats sacrificed at 7 days an entero- enteric fistula was found.

The macroscopical observation it was not encouraged, but the macroscopic

analysis is progress.
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1.2 Enterocystoplasty and autoaugmentation:
indications and problems

The neurogenic bladder remains as a relevant and unresolved target for
regenerative medicine. When patients with spina bifia, spinal cord injury, or other
bladder insult develop progressive elevated storage pressure, hydronephrosis, or
upper tract injury, surgical reconstruction of the bladder may be necessary to
reduce storage pressure and prevent further renal injury.

In fact in conjunction with intermittent catheterization and sphincter-enhancing
procedures, detubularized enterocystoplasty imparts additional functional
capacity and compliance, and offers the prospect of continence. Reconstructive
procedures using intestinal segments have undoubtedly transformed the quality
of life of many thousands of patients. However, the benefits of enterocystoplasty
carry a price, in the form of significant well-documented complications that
include mucus production, stone formation, bacteriuria, metabolic disturbances
and intestinal complications. A further concern is that nitrosamines and other
carcinogens derived from the interaction of urine and fecal bacteria, which have
been implicated in the aetiology of cancers associated with ureterosigmoidostomy,
have been identified in the wurine of patients who have undergone
enterocystoplasty. Whilst there is no evidence of an emerging epidemic of cancer
in reconstructed bladders, complacency would be unwarranted in view of the long
latency of malignant disease.

The complications of enterocystoplasty can be attributed to the fact that the
intestinal epithelium is neither structurally nor physiologically adapted to
prolonged exposure to urine. The ideal biomaterial for bladder reconstruction

would therefore combine the mechanical properties of a
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smooth muscle wall with the barrier characteristics of normal urothelium.

Several alternatives to conventional enterocystoplasty have been explored, which
aim to create a reconstructed bladder lined by urothelium.

After many years of experience with augmentation shows evidence of the long-
term complications inherent in enterocystoplasty, such as perforations,
stone/mucus formation, and cancer risk. Yet, these authors note that, “intestinal
cystoplasty still seems to be the gold standard due to the lack of promising
alternative options.

Ureterocystoplasty and autoaugmentation

These techniques exploit the use of native urothelium derived either from a
grossly dilated ureter or from the bladder itself after excising the overlying
detrusor muscle.

Ureterocystoplasty is an attractive and clinically proven concept, but one which is
effectively confined to a small minority of patients with gross ureteric dilatation.
Although the long-term functional outcome of autoaugmentation alone has been
disappointing, better results have been obtained by combining the exposed
autoaugmentation with an overlying segment of demucosalized colon or stomach.
Whilst seromuscular colocystoplasty is a logical approach in relatively normal
bladders, it is not suited to small or trabeculate bladders, of the sort commonly

encountered in neuropathic dysfunction.
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Animal model

The animals were housed in individual cages, under a 12-hour light-dark regimen
and humidity and temperature control.

Surgery was performed on animals anesthetized with diazepam, ketamine, and
medetomidine.

After midline incision following the vesical ligament, we found the bladder. The
bladder will be exteriorized and by a cystocath we will misured its capacity. After
a 0,5 x 0,5 cm specimen of bladder will be removed and replaced with o 0,5 x 0,5
cm “2D” scaffold of PCL (polycaproilatone)

Animals received 5% glucose solution after surgery, wetted food from the second
day after surgery, and then were allowed free access to food. Postoperative
analgesia and the antibiotic enrofloxacin were given and animals’ weight was
recorded daily.

The animals were fed a normal standard diet with no restriction on food or water

supply for 1 week before surgery.
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Tissue engineering and tissue replacement with acellular grafts

The alternative approaches being pursued to find a practical and functional
substitute for native bladder tissue can be grouped into the two broad categories
of in vivo tissue regeneration and in vitro tissue engineering .

IN VIVO TISSUE REGENERATION USING ACELLULAR MATRICES

In this approach, which is intended to take advantage of the capability of the
bladder to undergo rapid regeneration and repair after acute injury, a biomaterial
implanted at the time of surgery becomes cellularized and eventually is
assimilated into the tissues of the host bladder. Of all the synthetic and natural
materials used to date, decellularized xenogeneic or allogeneic matrices prepared
from the submucosa of small intestine and bladder have shown greatest promise.
We waiting for the experimental protocol is approved by the local Ethics Committee
of the Ospedale Cardarelli . The animals will be treated and housed according to
national and international regulations governing the use of animals in scientific
research.

In 6 months 20 Wistar rats weighing between 210 and 270 g will be used.

The animals were housed in individual cages, under a 12-hour light-dark regimen
and humidity and temperature control.

Surgery was performed on animals anesthetized with diazepam, ketamine, and
medetomidine.

After midline incision following the vesical ligament, we found the bladder. The
bladder will be exteriorized and by a cystocath we will misured its capacity. After
a 0,5 x 0,5 cm specimen of bladder will be removed and replaced with o 0,5 x 0,5
cm “2D” scaffold of PCL (polycaproilatone)

Animals received 5% glucose solution after surgery, wetted food from the second

day after surgery, and then were allowed free access to food. Postoperative
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analgesia and the antibiotic enrofloxacin were given and animals’ weight was
recorded daily.

The animals were fed a normal standard diet with no restriction on food or water
supply for 1 week before surgery.

Before surgery, rats were fasted overnight and weighed.

On the first postoperative day, rats had free access to water and rodent diet.

The animals were killed by CO2 inhalation 7, and 15 days after surgery.
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Conclusive remarks

The use of small-intestinal submucosa (SIS) and bladder acellular matrix (BAM)
materials have been investigated in bladder augmentation studies in rodent,
canine and porcine models. These studies suggest that both SIS and BAM are
biocompatible, biodegradable and facilitate tissue-specific morphological and
functional regeneration. Indeed, Kropp et al. reported that when SIS was used to
augment the bladder after partial cystectomy in dogs, histologically normal
bladder tissue regenerated within a month. A more pertinent question is whether
the regenerated tissue acquires the functional properties of normal bladder
tissue. On this point the evidence is contradictory, as the authors of some
quantitative morphometric studies have reported marked graft contraction and
decreased muscle content. There are several possible reasons to account for the
progressive shrinkage of acellular grafts, including resorption of the matrix,
smooth muscle contraction and graft fibrosis. Although the exact cause remains
to be established, graft fibrosis is clearly undesirable as it would adversely affect
the biomechanical properties and compliance of the regenerated tissue.

The obvious advantage of acellular matrices lies in their potential as an ‘off the
shelf’ solution to reconstructive bladder surgery.

Unfortunately, the processes required to produce a marketable material, e.g.
chemical cross-linking and sterilization, may adversely affect the physical
properties of the matrix.

The same processes may also deactivate matrix-bound growth factors and other
signalling molecules responsible for the regenerative properties of the fresh
material.

As yet, there are no published reports that any decellularized matrix has been

used in a commercially available form for bladder reconstruction in clinical

33



urology. In the future, advances in the understanding of the physical and
chemical factors responsible for urothelial and smooth muscle cell proliferation,
migration, differentiation and function may be exploited in the development of so-
called ‘smart’ biomaterials, in which

biologically active agents are incorporated into acellular natural or synthetic

matrices.
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CAPITOLO 2

The role of minimally invasive surgery in pediatric age:

2.1 laparoscopic approach for inguinal hernia: new

indications, limits and problems

Inguinal hernia is one of the most common surgical conditions in infants and
children. Over the past few decades, inguinal exploration with clear dissection of
the hernial sac and secure high ligation of the patent processus vaginalis (PPV)
has remained the standard treatment. Inguinal exploration is generally done with
a traditional surgical approach. In girls, it can be achieved without any
complications, whereas in boys it needs to be performed after separating
important elements of the cord and peritoneum and it requires a delicate
dissection, in particular, in the first year of life.

At present literature shows few report about some important problems about
management of babies affected by inguinal hernia: indication to controlateral
exploration, possible repair via laparoscopy in weighing 5 kg or less, indications
to laparoscopic approach for incarcerated hernia, and finally the role of
laparoscopy in the direct hernia in pediatric patients.

The contralateral access route is widely debated. However, in the first year of life,
the possibility of finding a PPV on the contralateral side seems to vary between 50
and 90% of cases. In addition scanty reports exist about the laparoscopic
treatment of inguinal hernia in young boys under 1 year of age. The management
of the contralateral region in a child with a known unilateral inguinal hernia has
been debated for several years. Analyzing the international literature, there are
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mainly two procedures to adopt: unilateral inguinal repair and laparoscopic
repair. There is no evidence in the international literature about the better
procedure to adopt. Although there are numerous articles regarding the data
about the incidence of a contralateral patency of the peritoneal-vaginal duct,
allowing surgeons to decide whether the inspection or the evaluation of the
contralateral region is indicated, the perspective of the child’s parents regarding
these decisions is rarely reported.

Same problems for hernia repair in infants weighing 5 kg or less: are rarely
reported in the international literature the incidence of complications after open
inguinal herniotomy among babies weighing 5 kg or less, and described the
traditional open herniotomy as a technically demanding procedure that may be
associated with an increased risk of hernia recurrence and testicular atrophy.
Recently, few papers reported a preliminary experience in infants of 5 kg using
laparoscopic repair. No paper has been published until now about the
laparoscopic treatment of premature infants of less than 3 kg.

About the incarcerated hernia the traditional approach is inguinal. However, this
technique has several limitations; the dissection of the cord structures is difficult,
and the repair of the hernia sac is not easy . Furthermore, inspection of the
hernia sac contents after reduction is extremely difficult.

These problems are compounded in infant. Treatment for IIH using open surgery
poses unique challenges also for the most experienced pediatric surgeon for the
presence of an edematous sac with not well-defined tissue planes.

In addition, open repair of incarcerated inguinal hernia is associated with serious

complications .
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Misra et al. reported that the postoperative complication rate associated with
irreducibility of the hernia can be as high as 50 %, with testicular atrophy
occurring in up to 30 % of cases.

About the direct hernia, this is an unusual event in children. Direct hernias are
considered rare and usually recurrent after repair of an indirect hernia They are
often missed and are correctly diagnosed preoperatively in only 38% of cases. The
rarity of this kind of pathology makes the diagnosis difficult Laparoscopy seems

to be an excellent diagnostic and therapeutic choice in this rare condition.
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Projects

All previous topics were object of multicentric study whit the Centre Hospitalier
de Luxembourg, Medical University of Graz, Austria , University Medical Center,
Mainz, Germany, Ospedale San Bortolo of Vicenza, Italy.

The data have been published on the international review as follow.
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Abstract

Background: Laparcscopic inguinal hernia repair i rarely reported in the first year of life In this article, we
repart our experence to emphasize the advantages of this procedure in this age range.

Patients and Mathods: In a 2-year period, we operated an 315 patients for unilateral inguinal hernia by using
laparcacopy. Fifty of 315 patients (15.5%) had less than 1 year of age. This study focused on this group of 50
children (36 boys and 14 girls). The age range was 1-12 months (median, 67) with a median body weight of
5.5kg (range, 3.7-9). As for a technical point of view, we used modified laparoscopic hemiorraphy, according to
the Maontupet technique After sectioning the sac distally to the ring, the pericrifical peritoneurn was dosad by
using a purse-siring suture of a nonresorbable suture

Results: The median operating time was 22 minutes (mnge, unilateml, 7-30; bilateral, 12-42]. All the procedures
were performed in a day hospital setting. As for laparcscopic findings in 22 of 50 patients (#4%), we found a
contralateral patency of the processus vaginalis. In these 22 cases, we performed a bilateral herniorraphy. In 1 girl
(2%), we found a coexdstence of indirect hernia and a direct hernia on the right side. Both orifices were sutured in
laparcscopy. We recorded only 1 minor complication (2%); a problem with needle extmcton. With a minimum
follow-up of 1 year, we have had only 1 recurrence (1.3%) on 73 hernicrraphies performed.

Conclusions: We believe that laparcscopic repair of inguinal hemia in boys under 1 year of age by expert hands
is a safe, effective procedure to pedform. s ability to simultanecusly repair all forms of inguinal hemias,
together with contralateral patencies, has cemented its role as a viable alternative to conventional repair.
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7-30; bl ateral, lZ—IZj.HJ] ﬂupmmdmﬂwmpﬂ:fmmdha
day hospital setting. As for laparcscopic findings in 22 of
SJPaﬁﬂrlsﬂﬁj,mfmnﬂamhzhiu:JPah:t}rn&'ﬂiz

FHG L The fisst
Eil‘ﬂ.l:l'lﬂ"ﬂﬂ'lﬁ!“}l’ the ]:Enm:ﬁ:la] peritonenm.

o&ﬂt]:mn&n‘:nmml:mnpﬂnng

Fia X 'I']'l:]:z::iu.'.iﬁc'nl] e tonewum iz closed ot the end of
the ure with a pume-string sutum, usng a non-
ol g

st

proscesas vaginalis In these 22 cags, we performed a bilat-
eral hemiorraphy. As for the side of patency on 22 e,
14 had a left :ina'uim]]'l:n'liaw:iﬂ'l ar.ia}rt patency {63.6% ) amd
8 a right ingouinal hemia with a left patency (36.48%)

In 1 gid {295), we found the cosxstence of mdinct herma
and a direct hemia on the right sde; both orifices wene su-
tured in bpamsapy. Three gids (6%) presented with a dis-
hﬂﬁmn&ﬂ!minﬁﬂt}lﬂnﬁﬂmﬂtuﬂrﬁm
reduced inbo the abdominal cavity, and the sac was chosed, a5
previously deseribed. Wi recorded enly 1 minor complication
(Z%) a ]:mnbh'n with needle extadion ﬂm‘u&]‘l the tmocar
orifice. During the extmction of the nesdle with the residual
sutume after trocar evdraction, the needle remained blocked in
the abdominal wall. The needl was metrieved by wsing a
lapamapic need ke holder and then extracted transparietally.

All children received at least a 1-year fn]hwup. All
patients hiad a 1-wesk, 1-month, é-month, and 1-year follow-
@.Hsfwﬂ!:ldn:inc':dml.aﬂ thes Frmom oA were mod v sible
at 1-year follow-up, except in 2 cawes, in which they were
dightly disermmic. The umbilical sears were not visible many
of the patients. As for the mie of hemia recurnencs, we had
only 1 mecurrence (1.3%) in a total of 73 hemiormphies per-
fmﬂdmmbﬁyﬂn{wmq:mhdmfwalm?,
left inguinal hernda (more than 10mm in diameter) had a re-
mﬂ\lﬂs&hmw.ﬂ:rﬂ:ﬁwdarﬂdn—mnw.in
lapamaapy, 3 weeks after he first procedune. In this cawe, we
performed a two-phine cosure. First, we namowed the in-
teerma] :i:rla'ui:rn] ::i:'lg ]:!oen'ﬁm'n'nﬁ o z]:mtlnd shitches, b
tween the comjoined tendon and crural arch, and then we
dnuclﬂtpu:inﬁﬁm] ]:!ﬂ:ihn'lnm'l.w:iﬂla gy s tuane.
Mo other mun]:d:imﬁmu was moorded in our et in ]:!arh'e—
ular, all the testes were of normal size and were well posi-
tiomed inbo the serotum. We have had m:ia‘l:m-s:m':amnto&
the: testes or hyvdnoosles in our seres.

i scusslon
Inguinal hernia mepair & one of the most comman opema-
tions performed in children. Ingorinal exploration hes a high

success rate and a low mn]:!]imﬁm1 mte? However, this
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trestment isstill controvensial because of four main sspecs: 1)
explomation of the symptomatic contralateral side; 2) inci-
dence of complications related to the postible damage of the
Vag d&mqu:mﬁ: W el 3) mu'n]:d:imﬁmll relabed to
surgical technique, such as sof hemia or iatrogenic
crﬂ:!hnﬂlidim amd ) the th]ﬂ}r of ﬂum u:ins
imgruinal nsrtlmtim. rare hemias, such 2 direct or femaoral
hiemiz "™ As for the exploration of the mntralsteral side, in
th Uﬁhﬂ&hhmdhﬁmnmpnﬂiahtmns:m:]r&u
to perform bilateral amﬂ::hh&ﬂ:ﬁipaﬁmﬁ
urnkrﬂ—H}rﬂn&asL ?Sﬂuﬂazﬁrhimpmiﬂntm-
tine bilateral explomtion would disclse a contralateral sacin
abourt S0-90P% of capes (> 899% in the first vear of life) but
contend that only a small ]Il‘cﬂ'lm of thes sacs (5-16%)
wontld evolve intoclinical hernias % In addition, the sk
of -bma&h'lsﬂ: vas and \r:nl::i::m'l:ilmb]}r greater n
aﬂdhy:mukrlyﬂr&ag:whm:hmﬂihamvﬂg
small and a thin e is ui'hn'n:l}r adbemnt to them ™
However, in mEu it B difficultto identify a
lestiom of ﬂ:"ﬁ! d:ﬁ:uyn_ which Tmflymcur with a :ingh
COMpPresson an :i'tdu:l:ing dissection.

Sparkman states that, even among axmpetent surgems,
thee e may be a 1.6% incidence of inadvertent memoval of a
segment of the vas deferens with the hernia sac > As for
ther e oof necurrences after ingaina | hernia epair when wxing
:i.'l'la'l.li.‘l'ﬂ] mﬁ]:hcm‘l:im, it seems to uar}rh:hvm 1.2 aned 8%,
and whose incidence seems to be higher than 2-3% in boys
under 1 }rmr-ud:agz.:"?’uﬂ- i e ud:ﬂﬂmu'nphm‘hmn
after inguinal open exploration & probably unde restimated,
especially because the kllow-up of a patient who has un-
duﬁm‘z m:su.'}rfwan n'la'um]]‘l:nm # mther short,
wheress these ompliatons ocur much bter and may be
ﬂl‘lﬂ“}l’ detected -rl'm'ma adolescence 717 For all thess
reasons, 12 years ago, folowing the experience of Philippe
Montupet we began to sdopt the laparcacopic mach
to treat pedistric patients affeced by inguinal hernia **

At the begrinmingg of our experience, we prefermed to avioid
treating patients under 8 months ufasz for techmical Emita-
tioms (Fmm instruments wene not available at that time), and
becaime our anesthetist at that ime, had hitle mq:!u:iu'l:: m
performing anesthesia for laparascopy in neonates and in-
fants* Compared to previous experiences reported by our
group, we have modified our on some technical
points. Fimst, awing to the eay availability of 3-mm instm-
mkmﬂl:irrpm\rﬂl Japampi::kﬂk,m}nﬂbqﬂmb
operate, in pamscopy, on a lange number of neonates, and,
for thit measom, our anesthetists have undersood that thens
wmn-nrkk:,mu'n]:amd ton ol dder children, in u]:ural:mﬁm a
boy in the fist year of life for an inguinal hernia by using
laparoacopy.

In a previoas article, we published a series of 933 @
closed with a mecurence rate of 3.4% On the basis of our
vaimﬂnq:u:imw:}n\r:m.ndi&dhw I gur
]:lmcu‘lum.' First, we have adopied the nonresorbable stuns
to close the sac, and, second, we have gandandized the ech-
nigquee by sectioning the sac distally to the internal inguinal
ring In this way, we had only 1 recurresce (1.3%) i this
series This & an important point to emphasize above all eke,
becausme we had these results in patients under 1 year of
in whom the recurrence miz:i:uma“"l,r ]I#lr'ﬂ'lm 3.

Another point of interest of our study & that we have had no
mu'npdnhnu il b b thee d Eecbon P}m, :I'I'I.ﬂil'l]}l’ i s,

gy oy thee magendfied view of the surgical feld ensceneen, we
avodd touching the vas and vessels, which ane so smallin this
agpe rangge " Another clear advantage of the lapamsoopic
Pmcndmbh‘mtﬂzinauha]}mﬁakhﬂurﬁﬁranﬂhmt
rare herniag, as happened in 1 cate in our series, with the
mentigtence of 2 hemias indinectand direct ™= Probably, the
main advantage of tresting the inguinal hemia in bparcsaopy
in the first year of life is the posibility of discovering a con-
tralateral patency (#% in our series) amd a'\rmvrlrrla the
possibility, as can aocur after an inguinal hemimaphy, to
&:\r:lu]:! a me b cmns, oot baberal heeermiia }#

In cases of ovaran hemiz with an irmducible ovary, in
baparcecopy, 2 had occurmd in 3 @ in our s, itis ex-
ﬂrﬁimphhmﬁnﬂ:mz}rarﬂd:lﬂ:ﬁwﬁ:ﬂd:—
Tt 2T A for comes of recuamence in o Tseries:, wee think thatin
the ot nfa]arg.i:wﬁ:n]}mlh,wﬂhadimdﬂ-m-
guinal orifice lager than 10-mm, it & always prekemble to
Pu:ﬁn:n a 'hln—]:hm elosure, aswe have deterbed abowve ” A
for the two main eritickms leveled against lapanscopic hernia
repair, such as high costs and length of surgery, inour expe-
ﬁnmﬂaﬂm“:mﬂh‘h]uhmmﬂﬂ;m—
ond, in our serks, operative time was probably sherter or
!':rrl'hrinﬂn{rmr}rh) :q:uiran:inaui:ln]]'lml:iaw}m
uing the inguinal approach. Among the possible disadvan-
tages: of this type of hernia nepair, thene & the requinement for
Frﬂz]:rﬂu‘h:d'lm] amesthestia for ks e enver, all
chiildnen in grur series wereoperated onina day hospita lsetting.
Conclusions

We believe that laparcscopic nepair of the inguinal hemia in
patients under 1 year of age, by expert %, 1% & oafe, of-
fective Pmcﬂlum | +] Pu:Fan_ Its :Ini]ii}r ton !'muharnnﬂ]}r
repair all forms of mguinal hemis (e, ndirect, dined,
vmbinesd, mecurment, and :irlm::::m‘lzdj. 'bs!ﬂ'ﬂ with con-
tralateral patencies, has cemented its moleas a viable aliema-
tive to comventional :q:!m':r_ Humwtefer, mmums ]:!a‘l:im'l: amd
lomgger folkyw-up areneede d todetermine the sact recurnmce
rarte im this age range.
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Abstract

Background: The aim of this article is to stand ardize the lapamscopic technique to treat direct inguinal hernia in
pediatric patients.

Patients and Methods: In the last 3 years we reated laparcecopically 163 patients with a diagnosis of
inguinal hernia. In 7 patients we discoversd laparcecopically a direct inguinal hernia. This study is focused
on the management of these 7 cases (4 girls and 3 boys; median age 4.6 years). They presented a right defect
in 4 cases and a left defect in 3 cases. Six of 7 patients had been already operated for an inguinal hernia and
presented a recurrence of the hernia. We used three trocars, 5-mm 0 degree optic, and two 3-mm instru-
ments. Ineach case, after the resection of the lipoma using the hook cautery, the defect was closed by mears
of separated stitches. In every case we used the vesical ligament as an autologous patch to reinforce the
closure of the defect.

Results: The average operative time was 35 minutes. All the procedures were performed in a day-hospital
setting. We had reither conversions nor complications in our series. With a minimum follow-up of 1 year, we
had no recurmence.

Conclusions: Laparcacopic identification and repair of direct inguinal hernia in children is a safe and effective
procedure to adopt. The key points of the technique are the mesection of the lipoma, the dosure of the defect
using separated, nonabsorbable sutures, and the wse of the vesical igament to reinforce the suture We believe
that in case of recurrence of inguinal hemias after inguinal approach, lapamscopy is the gold standard technique
to identify and treat the cause of the recurrence itself.

Initrod weti cn

ADJ:I‘H_'I INGUINAL HERNIA i$ an umsual event in dhil-
ren Tn-ﬁ}r‘: Jmmvh:lsz on the mcidence of direct
hermia is based on old articles published in the international
Liter vt rer e o il iy obtariresed during, comven tiomal epen
mn'su.}r.u Diresct hemiss ane considernsd e and m‘tﬂ“}r -
current after repair of an indirect hernia® In a meview by
Wright, a direct hernia was present in anly 19 cates on mmom:
than 1600 hernia opemstions {1.2%)." Direct hernias are rarely
identified preopemtively. They an ofien missed and are cor-

d:'nls;:ﬂd '\r:l:,r m -m'l]:,r 3% of cames ™ The
rarity of this kind of patholegy makes the disgnosis difficult.
Schier et al reporied a series in which they show that prob-
ably the incidence of dimct mguinal hermis iz under-
estimated * Laparoscopy seems to be an excellent diagnostic
and 'H'l:m]:n:ﬁ:d'lnci:: in this mme condition ™ We mepart gur

experience in lapamscopic direct hernda nepair with the aim
of standandizing the techmique.
Patients and Methods

In the lasgt 3 yean we treated lapamscopically 163 pa-
tiemts with a d:iagnne:i: of :in&ui:rn] hemia. In 7 patients we
disovered laparoscopically a direct inguinal hernia. This
iudyilfucumdmmzmarngmﬂﬁo&ﬂﬂ?m:
Thes: 7 patients (4 girk and 3 boys) with an age variable
between 3 and 9 years (median 46 yeams) presented a right
defect in 4 cases and a left defect in 3 cases. Six of 7 pa-
tients had been aleady opemted for an mguinal hemia in
amother institute vis mguinal approsch and presented a
mecumenae of the hernda on the same sde. The sventh
patient had a general diagnosis of nguinal hernia preop-
uzﬁvd}randmdimﬂlﬂuprﬂuno&ﬂudimd

Digpartment of Pediatrics, “Pederica 11" University of Naples, Naples, Ttaly.
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. Lapamscopic appearance of a right DH. DH, direct
hemia; [IR, intemal inguinal ring.

defect during the laparoscopic procedure. All the patients
were operated in general anesthesia with an orotracheal
mtubation. In each case the bladder was emptied mg a
Nelaton catheter to prevent the full bladder from covering
a medial defect as direct or femoral hernias. Preumoper-
toneum pressure varied between 8 and 11mm of Hg. We
always used three trocars, an optic of 5- or 10-mm 0 degree
and two 3-mm instruments. The 20mm needle (3/8 of
circle) was always introduced transparietally with a suture
length of 15-18cm. All the direct defects were larger than
10mm and in each case we found a big lipoma adherent to
the hemis sac (Figs. 1 and 2). The intemal inguinal ring
was chsed bilaterally in all the patients. As for the tech-
nical point of view, in every case after the resection of the
lipoma wsing the hook cautery (Fig. 3), the defect was
chsed by means of separated stitches, using nonabsorbable
2 or 3/0 suture. In each case we used the vesical liga-
ment & an autol patch to meinforce the closure of
the defect (Fig. 4). use of vesical igament allows an
easy closure of the defect without tension on the defect’s
borders

FIG. 2. lapamscopic appearance of a left DH

ESPOSITO ET AL

FIG. 3. A key pant of the technique & the section of the
lipoma (L) using the hook cautery.

Results

All the procedures were completed in b paroscopy without
mecurring to conversion. The average operative time was 35
minufes (X-60 minutes). All the procedures wempcdmmed

in a day-hospital setting with an yrt‘ ital iz i

We had neither pre- nor perative stions in our
sna.Wﬂ\anummfolkmupdlyurweludmre
currence in ourseries, and cosmetic result was excellent inall

the patients.

Discussion

Direct inguinal hernia is a rane condition in children In
general, direct groin hernias appear as a recurrence after

vious inguinal operstions for congenital indirect inguinal
herniax 45 Then Thenfore, direct hernias are often missed during
the first operation (6/7 cass in our series).™'* A comrect
preoperative diagnosis may be difficult and it aan be mis-
leading when an ngumlbulgelsobaa-vedaganulmaﬂy,
articles which focus on laparascopicinguinal hernis repair are
mare ofeen published inthe international literature and theso-
called “rare herniag” are more often identified and trea-
ted %7 We believe, on the basisof our series, thatin case of

HG. 4. Laparoscopy view afier the closure of the defect.
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hemia meumence after open repair, the cause of recurmemos
can be a misdiagnosed direct hemia and lpamscopy & the
maet effective technique to identify and to treat it We agns
that ]apamenm]:u': treatment & a safe and valid 'Imhn:l]'tz ey
diagrose and treat mecurent inguinal hemiss. It allows an
Acourate d:'nlannen': of the puh:rll:ia] coendgtence of dined and
indinect ingouinal hemizs, and it helps to distinguish a tne
recurmence of an mdirect inguinal hemia from a missed direct
inguinal hemia (like in 6,/7 caes in our series)” Further, it
avoids an unnecessary explration of the inguinal canal
and the comsequent Pmbh sk of ia ic imjuries to
the vas defrens or the spermatic vessels” Based on our
15-year experience on lapamscopic hemia mpair, consid-
ering that the technique of mdinect hernia repair is well-
oxtablithed and standardized, the aim of this article iz to
standardize the 'Im}miq'tz of direct mgurrn] hernia -
pair.™ First of all, it & impeortant to remember, for each
paﬁmt, bmp&yﬂ-Haﬂ&er: m:g:z}rbprwm‘tﬂ-
full bladder fram covering a medial defect = direct or
femoral hemias; in our seres the blhdder was emptiod
using a Melatn catheter also if Credé maneuv er is as ef-
fective as Nelaton wse. As for the oblique external hernia,
the 'Im}miqu: B :irn]:!h oy Pzzfunn,, the fimt .-.'h]:! i the
section of the peritoneal vaginal duct distally to the n-
temal inguinal ring circumfermtially, and then the cloman
of the ]:!n.'.'ln'.iﬁ:ia] peritomeum using either a purse string
suture or an N-shape suture’® As for the direct hemia
repair, the technique & different. In fact, At of all in all
hernias we found a huge lipoma adherent to the hemia
sag; it is wmong o leave the ipoma becauss it can cause a
recurmence of the hemia. For this reston, the mducton of
the lipoma into the abdominal cavity and its mesection
using a ek cautery is fundamental and also eamy to
performm. As for the defect, the pericrificial peritoneum of a
dinect hemia & mone adherent to the defect and i is dif-
ficult to perform a purse sring suhure or an N-shape su-
tume a2 in the cae of oblique external hemia. For this
reagon it & safer to close the H:ctu:in&q:m‘lzd:ﬁ{—
ches. Considering that dinect defects, & it happens in our
sires, ame often h:s:r than 10 mm, to avedd tenson on the
defect’s borders after closune, we used the vesical ligament
to meinfome the closine. This technigque, already deseribed
zﬁmdaj.hmﬂhﬂ:h a safer closame of

e direct defect.’ In our series, aparoscopy represen ed a
]:!Eu]im' .-.'m'gpa] solution to cornect direct :i.'na;ui:n] hermia,
Anpther interesting spect about our study is that all 7
patients wen: referned to our hospital to be operated n
Ja]:!amenm]:!}r and their parents :]:::iﬁm”}r mq'ln'iﬂ‘l ey onar
group to adopt the minimally invasive fechmique. It means
that Japm'\nenmp}r 'Im'h:rliqus ame mow w:il‘lﬂ]:rﬂd. alsn
thanks to the Intemet, which gives everyone the chance of
lowsking for medical indos. We think that laparcscopy has
the admhs: of u:ins a umiiform, sandardized aH:mmd'l
for all hermia forme—indirect, direct, femoral, or combi-
nations. Thi ]:mur\nh, for the first ime in :ua'.iﬂ] ]'n':hn}r,
an objective and meproducible picture/video that is scces-
sible and clear to everyone in the operating room.*" The
pictuns ame eamy to mnterpret for all pediatrc m:&zmﬂ.u
In the previous studies, dirsct inguinal and femoral hemias
had bmnfmmd]mﬁ'nqlznﬂ}rh the open a]:!]:u:\nud'l than
in the bpamscopi appmach. Probably some pediatric
ST Ome had never seen a direct mgm:rn] hemia or a

115

femaoral hernia, a hundreds of hernia repairs in the
prelaparcscopy era * e o the lapamseopic magnifi-
cation, dinect inguinal hernizs are eagily dentifable and
now it & PDEIJ.IE to standardize their treatment "

We believe that direct hemia mepair & more demanding,
hd‘lm'mﬂ}r, than indinedt debect n:_pm'r, for this reston it i
bertieer o treat this pathologry only afier deve koping a good skill
n intrarporeal knoting. In conchision, the lapamsoopic
wmmrﬁaﬂmﬂﬁri}:ﬁriﬁrmanohi:ﬁvzpi:hntod:ﬂl
anatomy and the tue incidence of usial hemiss in chil-
dirpey W1 Direct herndas, & our sresshows an be subhomed
bparcacopically ina safe and efficent manmer without ne-
aurrence. The key pomnte of lapamecopic direct hemia repair
ane the resection of the lipoma, the closune of the defect wing
separated, nonabsorbable sutunes, and the v of the vesical
HWh:ﬂ'ﬂfmﬂzmhﬂzW:Hiﬂtﬂn{hmo&
meurnenice of mguinal herndas after an inguinal approach,
h]:urmp}r # the aﬂd standand 'Im'h:rnqlz h):i&:rll:iﬁ,r and
treatthe cause of the mecurmence iwelf, which i reprsented by
adirect hemia in a high perentage of caes.
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Abstract

Background The purpose of our retrospective study was
to describe the efficacy and the advantages of laparoscopic
approach to treat incarcerated inguinal hernia (IIH) in
pediatric patients.

Methods In a 2-year period, 601 children underwent a
laparoscopic inguinal hernia repair, 46 (7.6 %) of them
presented an IIH. Our study will be focused on these 46
patients: 30 boys and 16 girls (age range 1 month-8 years).
Results Twenty-one/46 hernias (45.6 %) were reduced
preoperatively and then operated laparoscopically (RH),
25/46 (54.4 %) were irreducible and they were operated
directly in laparoscopy (IRH). We have no conversions in
our series. The length of surgery in RH group was in
median 23 min and in IRH group was in median 30 min.
Hospital stay was variable between 6 h and 3 days (median
36 h).With a minimum follow-up of 14 months, we had
2/46 recurrences (4.3 %).

Conclusion The laparoscopic approach to IIH appears
easy to perform from the technical point of view. The 3
main advantages of laparoscopic approach are that all
edematous tissue are surgically bypassed and the cord
structures are not touched; the reduction is performed
under direct visual control, and above all, an inspection of
the incarcerated organ is performed at the end of
procedure.
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Introduction

Inguinal hernia remains one of the most common condi-
tions managed operatively by the pediatric surgeon.

Repair in elective conditions is an easy procedure to
perform with low risk of complication [1].

On the contrary, inguinal hernia repair in case of
incarcerated hernia is known to be a challenging procedure
and has been described as one of the most difficult oper-
ations in the pediatric surgeon’s repertoire [1].

Inguinal hernia repair via inguinal approach has a
recurrence rate of 0.2-1 % in the term infants, higher than
2-3 % in the first year of life, while in case of incarcerated
hernias, the recurrence rate is of about 15-20 % [2-5].

In the last 15 years, laparoscopy has changed the per-
ception of inguinal hernia with respect to the incidence of
contralateral openings, the treatment of recurrences, and
the incidence of rare hernias such as direct and femoral
hernias [2-6].

Regarding the international literature, a small number of
studies have been published on laparoscopic treatment for
incarcerated inguinal hernia (11H).

In a recent paper, Nah et al. [1], comparing laparoscopy
and open surgery for IIH repair, state that laparoscopic
technique seems to offer more advantages compared to the
open technique with a lower incidence of complications.

The objective of our study was to perform a retrospec-
tive analysis of the experience, in the laparoscopic IIH
repair, of 2 European centers of pediatric surgery to show
the advantages of laparoscopy to manage this condition in
pediatric patients.
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Patients and methods

In a 2-year period in 2 European centers of pediatric sur-
gery, 601 children underwent a laparoscopic inguinal her-
nia repair, 46 (7.6 %) of them presented an incarcerated
inguinal hernia.

Our study will be focused on a retrospective analysis of
these 46 patients: 30 boys and 16 girls (age range 1 month—
8 years).

All the procedures were performed by only 2 surgeons
with a huge experience in laparoscopic surgery.

All the procedures were performed in general anesthesia
with orotracheal intubation.

In all the patients, we used 3 trocars (2 or 3 mm
instruments).

As for surgical technique, already described by our
group in a previous paper, after sectioning the periorificial
peritoneum distally to internal inguinal ring, the defect was
closed with a 2 or 3/0 non-absorbable multifilament suture
(polybutylate-coated polyester) (Fig. 1).

In case of non-reducible hernia preoperatively, the her-
nia content was gently reduced in laparoscopy with the aid
of external manual pressure by the assistant and at the end
of procedure, the formerly incarcerated organs were
inspected for ecchymosis and peristalsis.

This study received the approval of the Ethical Com-
mittee of both centers.

Results
Out of 46, 21 hernias (45.6 %) were reduced preoperatively

and then operated laparoscopically (RH) and 25 (54.4 %)
were irreducible and were operated directly in laparoscopy

Fig. 1 The appearance of the closed internal inguinal ring at the end
of the procedure

Table 1 Demographic data of 46 patients operated in our series

Data analyzed RH group? IRH group®
Number of patients 21 25
Sex 12 boys-9 girls 15 boys-10 girls
Age 1 month-8 year 1 month-8 year
Hernia side 15 right-6 left 19 right-6 left
Weight 4-35 kgs 5-44 kgs
Length of surgery 15-37 min (median 23) 18-41 min
(median 30)
Recurrences 1 1

% RH group = Hernia reduced preoperatively

® |RH group = Hernia not reducible preoperatively and reduced in
laparoscopy

Fig. 2 As for hernia content, in girls, in almost the totality of patients
(9/10 in our series), the hernia content is the ovary/annex

without a previous reduction (IRH). For demographic data,
see Table 1. The median age at operation was 18 months.

In 44 patients, an indirect hernia (oblique external
defect) was detected; in 1 patient, a double hernia (femoral/
obligue external); and in 1 patient, a direct hernia. In 25
non-reducible hernias (15 boys and 10 girls), the hernia
content was: adnex/ovary 9, bowel loops 9, epiploon 5, and
appendix 2 (Figs. 2, 3).

All the procedures were completed in laparoscopy
without conversions.

The length of surgery in RH group was variable between
15 and 37 min (median 23); in IRH group, the duration was
variable between 18 and 41 min (median 30).

Children were offered regular diet 3 h after surgery and
were discharged on the same day, with the exception of 3
neonates required to stay 1-2 nights on a monitor, in par-
ticular hospital stay was variable between 6 h and 3 days
(median 36 h).
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Fig. 3 In 2 cases, the hernia content was represented by the appendix

Fig. 4 One of the main advantage of laparoscopic IIH repair is the
possibility to perform an inspection of the incarcerated organ at the
end of procedure

No complications were recorded in our series.

After reduction, the prolapsed intra-abdominal contents
(bowel and ovary) were inspected (Fig. 4). Although
looking rather mechanically strained, peristalsis appeared
uninhibited in all cases. An obvious mechanical lesion was
never seen despite several previous episodes of adequate
reductions.

With a minimum follow-up of 14 months (range
14-26 months), we had 2/46 recurrences 4.3 %, both re-
operated in laparoscopy.

As for the 2 recurrences, they were 2 infants being 2 and
4 months old. During the laparoscopic re-operation, we
found a patency of the peritoneal vaginal duct, which was
closed with a suture of non-absorbable material without
further follow-up.

In operated boys, all the testes were correctly positioned
in the scrotum and we have no testicular atrophy in this
study.

Discussion

The traditional approach for incarcerated hernia is inguinal
[1, 7]. However, this technique has several limitations; the
dissection of the cord structures is difficult, and the repair
of the hernia sac is not easy [8].

Furthermore, inspection of the hernia sac contents after
reduction is extremely difficult.

These problems are compounded in infant.

Treatment for IIH using open surgery poses unique
challenges also for the most experienced pediatric surgeon
for the presence of an edematous sac with not well-defined
tissue planes.

In addition, open repair of incarcerated inguinal hernia
is associated with serious complications [9].

Misra et al. reported that the postoperative complication
rate associated with irreducibility of the hernia can be as
high as 50 %, with testicular atrophy occurring in up to
30 % of cases [8, 10, 11].

As reported in results section, we have no testicular
atrophy in this series.

Using the “conventional” approach, the sac, which is
friable, often tears through to the deepinguinal ring, mak-
ing transfixion of the neck of the hernia difficult [11-13].
This sometimes results in early recurrence of the hernia or
in unrecognized lesion of vas deferens during dissection
[14, 15].

In addition, the increased risk of testicular ischemia
probably is caused by the compression of cord structures
within the inguinal canal and by unrecognized damage to
the vessels during the herniotomy dissection [9]. Moreover,
it is often difficult to reduce the hernia, and there is always
the danger of reducing nonviable bowel into the peritoneal
cavity [16-18].

As for IIH reduction rate, we have a 45.6 % reduction
rate in our series, a lower rate compared with other series
already reported in the literature that shows a reduction rate
variable between 30 and 80 %. This is probably due
because we avoid to perform a too strong reduction in our
patients with 1I1H in order to avoid spermatic cord or loops
damages.

As for complications after 11H, Nah reported recently in
his comparative study that open inguinal repair presents a
higher complication rate (14 %) compared to laparoscopy
(4 %) in patients operated for 1I1H [1]. This author states that
avoiding a difficult dissection in the groin and operating
under the magnification of the laparoscope would greatly
reduce the incidence of vas and vascular injury [8, 19, 20].

The laparoscopic technique appears safe, avoids the
difficult dissection of an edematous sac in the groin, allows
inspection of the reduced hernia content, and permits the
repair of a contralateral patent processus vaginalis if
present [21-23].
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In fact, the laparoscopic approach to incarcerated
inguinal hernia profits from intra-abdominal insufflation,
which mechanically widens the internal inguinal ring, thus
facilitating reduction.

The procedure allows for direct and unrestricted visual
control. All organs involved can be inspected immediately
for mechanical damage and for the completeness of
reduction. In the same session, the inguinal hernia is
repaired laparoscopically [21, 23].

All edematous tissue is surgically bypassed; the cord
structures are not touched.

Some interesting considerations can be done on the basis
of the results of our study; first of all, it seems that incar-
cerated hernia is more frequent in boys (65.2 %) than in
girls (27 %), and in our study, only in 45.6 % of patients,
the hernia was reduced preoperatively, while in 54.4 % the
reduction was impossible before surgery.

Probably, this concern was explained by our laparo-
scopic findings that in the majority of incarcerated hernia,
the patency of the internal inguinal ring is very small after
reduction.

In fact, the surprising aspect was the small extent of the
internal inguinal ring after reduction. As already known
from open surgery, evidently, it is not the large opening
that produces an increased risk of incarceration and
strangulation.

In this series, there is no age limit for correction; in fact,
we have operated also patients of 1 month of age, and we
think that above all in infants, there are the major advan-
tages for laparoscopic repair, because in this age range, the
funicular elements are too small and adherent to hernia sac,
and in open surgery, there are important risks of compli-
cations (literature reports 30 % of testicular atrophy after
inguinal repair of I1H) [21, 23].

As for hernia content, in girls, in almost the totality of
patients (9/10 in our series), the hernia content is the ovary/
annex, and on the contrary, in boys, hernia content is
represented by bowel loops of epiploon also if appendix
can be present in the sac as in 2 cases of our series.

After elective inguinal hernia repair in children, recur-
rence rate is variable between 0.2 and 1 % (this incidence
is higher than 2-3 % in boys younger than 1 year), as for
elective laparoscopic inguinal hernia repair, recurrence rate
is about 1-1.5 %.

In our series of laparoscopic IIH repair, we have 4.3 %
of recurrence rate (2/46), this is a higher incidence com-
pared to standard hernia repair (1-2 %), but lower com-
pared to inguinal I1H repair (15-20 %) as reported by Nah
and Misra [1, 10].

In addition, we have not had any complications in our
series, while the incidence of complications after inguinal
repair of I1H reported in the international literature can be
higher than 50 % [10, 12, 18, 24].

In conclusion, the laparoscopic approach to incarcerated
inguinal hernia appears easy to perform from the technical
point of view, probably easier compared to the authors’
previous experience using inguinal approach. The 3 main
advantages of laparoscopic approach are that all edematous
tissue is surgically bypassed and the cord structures are not
touched; the reduction is performed under direct visual
control, and above all, an inspection of the incarcerated
organ is performed at the end of procedure. Our series at
the best of our knowledge is the large series of pediatric
IIH treated in laparoscopy published in the international
literature.

References

1. Nah SA, Giacomello L, Eaton S (2011) Surgical repair of
incarcerated inguinal hernia in children: laparoscopic or open?
Eur J Pediatr Surg 21:8-11

2. Rescorla FJ, Grosfeld JL (1984) Inguinal hernia repair in the
perinatal period and early infancy: clinical considerations. J Pe-
diatr Surg 19:832-837

3. Lau ST, Lee YH, Caty MG (2007) Current management of her-
nias and hydroceles. Semin Pediat Surg 16:50-57

4. Baird R, Gholoum S, Laberge JM, Puligandla P (2011) Prema-
turity, not age at operation or incarceration, impacts complication
rates of inguinal hernia repair. J Pediatr Surg 46:908-911

5. Gholoum S, Baird R, Laberge JM, Puligandla P (2010) Incar-
ceration rates in pediatric inguinal hernia: do not trust the coding.
J Pediatr Surg 45:1007-1711

6. Nagraj S, Sinha S, Johnson P (2006) The incidence of compli-
cations following primary inguinal herniotomy in babies weigh-
ing 5 kg or less. Pediatr Surg Int 22:500-502

7. Zamakhshary M, To T, Langer JC (2008) Risk of incarceration of
inguinal hernia among infants and young children awaiting
elective surgery. Can Med Assoc J 179:1001-1005

8. Stylianos S, Jacir NN, Harris BH (1993) Incarceration of inguinal
hernia in infants prior to elective repair. J Pediatr Surg
28:582-583

9. Chen LE, Zamakhshary M, Langer JC (2009) Impact of wait time
on outcome for inguinal hernia repair in infants. Pediatr Surg Int
25:223-227

10. Misra D, Hewitt G, Potts SR (1994) Inguinal herniotomy in
young infants, with emphasis on premature neonates. J Pediatr
Surg 29:1496-1498

11. Schier F (2000) Laparoscopic surgery of inguinal hernias in
children: initial experience. J Pediatr Surg 35:1331-1335

12. Esposito C, Montupet P (1998) Laparoscopic treatment of
recurrent inguinal hernia in children. Pediatr Surg Int 14:182-184

13. Schier F (2000) Direct inguinal hernias in children, the laparo-
scopic aspect. Pediatr Surg Int 16:562-564

14. Kaya M, Hukstedt T, Schier F (2006) Laparoscopic approach to
incarcerated inguinal hernia in children. J Pediatr Surg
41:567-569

15. Rescorla FJ, West KW (1997) The other side of paediatric her-
nias: the role of laparoscopy. Am Surg 63:690-693

16. De Caluwe D, Cherti B, Puri P (2003) Childhood femoral hernia: a
commonly misdiagnosed condition. Pediatr Surg Int 19:608-609

17. Perlstein J, Du Bois JJ (2000) The role of laparoscopy in the
management of suspected recurrent paediatric hernias. J Pediatr
Surg 35:1205-1208



Hernia

18.

19.

20.

21.

Schier F (2006) Laparoscopic inguinal hernia repair—a prospective
personal series of 542 children. J Pediatr Surg 41:1081-1084
Schier F, Montupet P, Esposito C (2002) Laparoscopic inguinal
herniorrhaphy in children: a 3 centre experience with 933 repairs.
J Pediatr Surg 37:395-397

Parelkar SV, Oak S, Gupta R, Sanghvi B, Shimoga PH, Kaltari D,
Prakash A, Shekhar R, Gupta A, Bachani ML (2010) Laparo-
scopic inguinal hernia repair in the pediatric age group—experi-
ence with 437 children. J Pediatr Surg 45:789-792

Montupet P, Esposito C (2011) Fifteen years experience in lap-
aroscopic inguinal hernia repair in pediatric patients. Results and
considerations on a debated procedure. Surg Endosc 25:450-453

22.

23.

24.

Esposito C, Montinaro L, Alicchio F (2010) Laparoscopic treat-
ment of inguinal hernia in the first year of life. J Laparoendosc
Adv Surg Technol A 20:473-476

Esposito C, Montinaro L, Alicchio F (2009) Technical stan-
dardization of laparoscopic herniorraphy in pediatric patients.
World J Surg 33:1846-1850

Jones PF, Towns GM (1983) An abdominal extraperitoneal
approach for the incarcerated inguinal hernia of infancy. Br J
Surg 70:719-720



Eur J Pediatr (2012) 171:989-991
DOI 10.1007/s00431-012-1698-4

SHORT COMMUNICATION

Unilateral inguinal hernia: laparoscopic or inguinal
approach. Decision making strategy: a prospective study

C. Esposito ¢ I. Giurin ¢F. AlicchiotA. Farina @
M. laquinto ¢S. Scermino ¢ T. Palladino ¢ A. Settimi

Received: 4 January 2012 / Accepted: 8 February 2012 /Published online: 17 February 2012

# Springer-Verlag 2012

Abstract The management of the contralateral region in a
child with a known unilateral inguinal hernia is a debated
issue among paediatric surgeons. The available literature
indicates that the perspective of the child’s parents is sel-
dom. This study was performed to evaluate parents’ views
on this topic. After the Ethical Committee’s approval, 100
consecutive patients under 12 years of age with a unilateral
inguinal hernia were studied prospectively from March
2010 to September 2010. After an oral interview, a study
form was given to the parents about the nature of an inguinal
hernia, the incidence of 20 to 90% of a contralateral patency
of the peritoneal-vaginal duct and the possible surgical
options (inguinal repair or laparoscopic repair). The parents’
decision and surgical results were analyzed. Eighty-nine
parents chose laparoscopic approach, and 11 parents pre-
ferred inguinal exploration. Regarding their motives, all 89
parents requesting laparoscopic approach indicated that the
convenience and risk to have a second anaesthesia was the
primary reason of their decision. The 11 parents who pre-
ferred inguinal approach indicated that the fear of a new
surgical technology was their primary reason. Conclusion
There is no consensus about the management of paediatric
patients with a unilateral inguinal hernia. We believe that a
correct decision-making strategy for parents’ choice is to
propose them the both procedures. Our study shows that
parents prefer laparoscopic inspection and repair in the vast
majority of cases.

C. Esposito () - I. Giurin - F. Alicchio » A. Farina -
M. laquinto - S. Scermino - T. Palladino - A. Settimi
Department of Pediatrics, Chair of Pediatric Surgery,
“Federico I1” University of Naples,

Via Pansini 5,

80131 Naples, Italy

e-mail: ciroespo@unina.it

Keywords Inguinal hernia - Contralateral side -
Laparoscopy - Parental views

Introduction

The management of the contralateral region in a child with a
known unilateral inguinal hernia has been debated for sev-
eral years [1]. Analyzing the international literature, there
are mainly two procedures to adopt: unilateral inguinal
repair and laparoscopic repair [9, 10]. There is no evidence
in the international literature about the better procedure to
adopt [3, 11, 12].

There are advantages and disadvantages with both
approaches. Laparoscopy has the advantage to check and
eventually treat a contralateral patency of the peritoneal-
vaginal duct (PPVD), but it requires general anaesthesia
with orotracheal intubation and a trocar to enter the abdom-
inal cavity [11]. The inguinal approach has been the gold
standard for decades, and the anaesthesia is lighter com-
pared to laparoscopy; however, using the inguinal approach,
there is the risk of missing a contralateral patency in 20—
90% of cases and of a metachronous inguinal hernia in 8—
20% of cases [1, 2, 4].

Although there are numerous articles regarding the data
about the incidence of a contralateral patency of the
peritoneal-vaginal duct, allowing surgeons to decide wheth-
er the inspection or the evaluation of the contralateral region
is indicated, the perspective of the child’s parents regarding
these decisions is rarely reported [5, 10]. In our unit, both
inguinal and laparoscopic repair are performed, we decided
to set up a prospective study to evaluate parents’ views on
the question regarding their preferred technique to adopt in a
child with a known unilateral inguinal hernia.
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Patients and methods

After the Ethical Committee’s approval, 100 consecutive
patients under 12 years of age with a unilateral inguinal
hernia seen in our unit were studied prospectively from
March 2010 to September 2010. They were 75 boys and
25 girls with a median age of 3.2 years (1 month—12 years).
Exclusion criteria were: a bilateral hernia, recurrent hernia,
incarcerated herniaand the age limit under 1 month and over
12 years.

At the time of the initial preoperative visit and interview,
a study form was given to both parents about the nature of
an inguinal hernia, the incidence of 20 to 90% of a contra-
lateral PPVD and the possible surgical options. Three sur-
gical options were discussed with the parents, and they
included: repair of the known unilateral inguinal hernia
only, repair of the known unilateral inguinal hernia with
contralateral inguinal exploration and repair of a PPVD if
indicated, or laparoscopic procedure and contralateral lapa-
roscopic repair of a PPVD if indicated.

The parents were given time to read independently the
study form, and subsequently, all questions were answered.
Additionally, they were told specifically that there was no
evidence in the literature on this topic, and in our unit, both
procedures (inguinal and laparoscopic) were available, and
their preference was requested.

The parents were instructed that both procedures had the
similar length of surgery and recurrence rate according to
the literature reports. The surgeons never expressed their
opinion to avoid influencing the parents’ decision, even if
often requested by the parents. Two different informed con-
sents were prepared and both parents signed the correspon-
dent informed consent before surgery:.

Results

Eighty-nine parents chose laparoscopic approach, and 11
parents preferred inguinal unilateral exploration; no one
chose the repair of the known unilateral inguinal hernia with
contralateral inguinal exploration and repair of a PPVD if
indicated. Regarding their motives, all 89 parents requesting
laparoscopic approach indicated that the convenience and

risk of having a second anaesthesia was the primary motive
of their decision.

As for the 11 parents who preferred inguinal approach,
they indicated that the fear of a new surgical technology
and/or the insufflation of gas into the abdominal cavity were
their primary motives.

As for technical results, all the patients were operated
under general anaesthesia, the inguinal group with a laryn-
geal mask and the laparoscopic group with orotracheal
intubation.

As for length of surgery, for the inguinal group, the
length of surgery varied from 10 to 30 min (15 median),
and for laparoscopic group, the length of surgery varied
from 7 to 28 min (17 median). In the laparoscopic group,
a contralateral patency was identified and treated in 40
patients (44.9%). In 25/40 cases, the diameter of PPVD
was about 5 mm, and in 15/40 cases, about 10 mm. In the
laparoscopic group, we identified a direct hernia in two
patients (2.2%) (Table 1).

As for laparoscopic technique, we used a 5 or 10 mm 0°
optic with two 3-mm trocars in triangulation. We used the
laparoscopic repair according to Montupet’s technique; after
sectioning the periorificial peritoneum distally to the inter-
nal inguinal ring, the periorificial peritoneum was closed
with a 3/0 suture of non-resorbable material.

In both groups with a minimum follow-up of 1 year, we
had no complication and no recurrence of hernia. Cosmetic
aspect was good in both groups.

Discussion

Inguinal hernia repair is one of the most common operations
performed in children [1, 6, 7]. Inguinal exploration has a
high success rate and a low complication rate.

However, this treatment is still controversial because of
the four main aspects: (1) the exploration of the asymptom-
atic contralateral side, (2) the incidence of complications
related to the possible damage of the vas deferens or the
spermatic vessels, (3) the complications related to the sur-
gical technique, such as recurrences of hernia or iatrogenic
cryptorchidism and (4) the possibility to identify, using
inguinal exploration, rare hernias such as direct or femoral

Table 1 Summary of the results
of our prospective study on a
series of 100 patients with uni-

Procedures proposed
to the parents

Laparoscopic approach

Unilateral inguinal
exploration

Bilateral inguinal exploration

lateral inguinal hernia analyzed
Parental decision

Anaesthesia

89/100 patients
Orotracheal intubation

11/100 patients 0/100 patients
Laryngeal mask NA

Length of surgery 7-28 min 10-30 min NA
Contralateral patency 40/89 patients (44.9%) NA NA
Complications/recurrence  0/100 patients 0/100 patients NA

NA data not available
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hernias [3, 8, 10]. Several papers report that routine bilateral
exploration would disclose a contralateral sac in about 20 to
90% of cases (>89% in the first year of life), but contend
that only a small percentage of these sacs (8 to 20%) would
evolve into clinical hernias [3, 6].

In the last decade, a lot of papers were published on the
results of laparoscopic repair of inguinal hernia, and it seems
that this technique gives similar results compared with in-
guinal repair [3, 10, 12]. However, analyzing the interna-
tional literature, there is no evidence that one of the two
procedures is preferable in paediatric patients with unilateral
inguinal hernia [3, 6, 10].

Our surgical team with a large experience in laparoscopic
hernia repair, together with our anaesthetists, thought to
organize a prospective study to evaluate parents’ preference
in order to plan a decision-making strategy to adopt in
children and infants with a unilateral inguinal hernia. We
created a form to be shown to the parents, which described
the nature of inguinal hernia and the different surgical treat-
ments to adopt. Then, two different informed consents were
created: the first one for laparoscopy and the second for
inguinal approach.

We explained to the parents that in laparoscopy there is
the possibility of evaluating the patency of contralateral
side. In case of patency, we explained to the parents that
their child could have developed a metacronous inguinal
hernia (for larger PPVD) or a hydrocele (for smaller one),
and for this reason, thanks to laparoscopic view, we could
close the contralateral size to prevent hernia or hydrocele
formation.

This study was approved by the Ethical Committee of our
university. A similar study had already been performed by
Holcomb 111 et al. (2004), but in this study, the surgeons did
not offer to the parents the laparoscopic repair but only a
unilateral hernia repair with laparoscopic evaluation of the
contralateral region through the ipsilateral hernia sac [5].
The main characteristic of our study is to offer to the parents
the possibility of deciding the technique to adopt for hernia
repair after illustrating them the advantages and disadvan-
tages of both procedures.

When given the information about the possibility of a
PPVD on the opposite side, in this study, 89% of the parents
requested laparoscopic repair (non capisco bene cosa vuoi
dire modifica) [3, 10].

Regarding their motives, all 89 parents requesting lapa-
roscopic approach indicated that the convenience and risk of
having a second anaesthesia was the primary motive of their
decision. As for the 11 parents who preferred inguinal

approach, they indicated that the fear of a new surgical
technology together with the fear of the insufflation of gas
into the abdominal cavity were their primary motives.

We think that, when for a given paediatric pathology,
there are different treatments, as in inguinal hernia, it is
important before performing the operation to explain to the
parents the pathology itself and the different techniques to
treat it, and this is an important procedure to be taken also
by paediatricians. In fact, we think that the message of our
study is extremely important also for paediatricians who are
the first to diagnose an inguinal hernia and meet the parents
before surgeons. Our study shows that when we presented
options regarding the management of a unilateral inguinal
hernia, parents preferred laparoscopic inspection and repair
in 89% of cases.

Disclosure statement  No competing financial interests exist.
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Abstract

Purpose  This retrospective study aims to evaluate the
feasibility, safety and complication rate of laparoscopic
inguinal hernia repair for small babies weighing 3 kg or
less.

Methods A retrospective analysis was performed on the
surgical charts of 67 infants (47 boys and 20 girls)
weighing 3 kg or less who underwent laparoscopic hernia
repair in a 3-year period. A regular 5-mm scope was used
for visualization, and 2 or 3-mm instruments were used for
the closure of the inner inguinal ring using 3/0 non-
absorbable suture. The median weight at surgery was
2,600 g (range 1,450-3,000 g). All except three were
premature.

Results Of the 67 infants, 15 (22.3 %) presented with an
irreducible hernia. In three cases of irreducible hernias, we
also performed a transumbilical appendectomy at the end
of the hernia repair. Minor problems related with anes-
thesia were noted in four cases. Hernia recurrence was
observed in three patients (4.4 %). No cases of testicular
atrophy occurred. In 10 boys, we observed 12 cases of high
testes, only 4 testes requiring subsequent orchiopexy.
Conclusions Laparoscopic inguinal hernia repair for
babies weighing 3 kg or less is feasible, safe and perhaps
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even less technically demanding than open inguinal
herniotomy.

Keywords Babies - Premature Infants - Hernia repair -
Laparoscopy

Introduction

Inguinal hernia repair is one of the common surgical pro-
cedures performed in pediatric surgery. The last decade has
seen a significant controversy concerning the value of lap-
aroscopic hernia repair in children. However, the literature
has recently contained an increasing number of reports on
laparoscopic hernia repair in children, highlighting an
increase not only in the number of cases that have been
managed, but also in the number of modifications and
technical refinements in the procedure itself [1-8].

Papers focused on hernia repair in infants weighing 5 kg
or less are rarely reported in the international literature [9—
13].

Nagraj et al. [14] reported the incidence of complica-
tions after open inguinal herniotomy among babies
weighing 5 kg or less, and described the traditional open
herniotomy as a technically demanding procedure that may
be associated with an increased risk of hernia recurrence
and testicular atrophy.

Recently, few papers reported a preliminary experience
in infants of 5 kg using laparoscopic repair [9]. No paper
has been published until now about the laparoscopic
treatment of premature infants of less than 3 kg.

This retrospective study aims to evaluate the feasibility,
safety and complication rate of laparoscopic inguinal her-
nia repair for premature babies weighing 3 kg or less in
two European centers of pediatric surgery.
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Patients and methods

A retrospective analysis was performed on the surgical
charts of 67 infants weighing 3 kg or less who underwent
laparoscopic hernia repair in two European centers of
pediatric surgery in a 3-year period. The median weight at
surgery was 2,600 g (range 1,450-3,000 g). All except
three were premature.

A regular 5-mm scope was used for visualization, and 2
or 3-mm instruments were used in triangulation to have a
better ergonomics.

All the procedures were performed by only two sur-
geons with a huge experience in laparoscopic surgery and
particularly in laparoscopic hernia repair. All the proce-
dures were performed in general anaesthesia with oro-tra-
cheal intubation. As for the technique of laparoscopic
hernia repair, after sectioning the peri-orificial peritoneum
distally to the internal inguinal ring, the defect was closed
with a 3/0 non-absorbable multifilament suture (polybuty-
late-coated polyester) with a 17 or 20-mm needle. We
always introduce the needle transparietally and extract the
needle through the umbilicus at the end of the procedure.

Results

Of the 67 infants (47 boys and 20 girls; 55 bilateral, 10 right-
sided, 2 left-sided hernias) 15 (22.3 %) presented an irre-
ducible hernia. In these 15 cases of non-reducible hernias (12
boys, 3 girls), the hernia content were: eight bowel loops, five
colon/appendix, and two adnex/ovary. In case of non-reduc-
ible hernia preoperatively, the hernia content was gently
reduced in laparoscopy with the aid of external manual pres-
sure by the assistant, and at the end of procedure the formerly
incarcerated organs were inspected to check their vasculari-
sation and peristalsis. In three cases of irreducible hernia, after
reduction of the hernia content, the appendix seemed to be not
well vascularized and for this reason, we performed a tran-
sumbilical appendectomy at the end of hernia repair. The
median operative time for hernia repair was 22 min
(14-38 min). No serious intraoperative surgical complica-
tions occurred. No post-operative infections occurred. Minor
problems related with anesthesia were noted in four cases. In
particular, in these four cases the babies had a slow recovery
after the mioresolution at the end of anesthesia and they were
left intubated 1-2 h after the end of procedure.

All the babies started feeding on the same day of pro-
cedure, except those for whom we performed an appen-
dectomy. These babies started feeding the day after
surgery. All the patients were discharged from hospital
1-4 days after surgery (median 2 days).

After a median follow-up period of 30 months (range
6-52 months), all the children were clinically examined.

Hernia recurrence was observed in three patients (4.4 %).
All these children were re-operated in laparoscopy. No
cases of testicular atrophy occurred. In 10 boys, we
observed 12 cases of high testes, only 4 testes requiring
subsequent orchiopexy at 1 year of age. It is important to
underline that all these 12 patients presented a testis posi-
tioned in high scrotal position at the moment of the inter-
vention, but we decided preoperatively together with the
parents to correct this condition at 1 year of age.

Discussion

Inguinal hernia is one of the most common surgical con-
ditions in infants and children. Over the past few decades,
inguinal exploration with clear dissection of the hernial sac
and secure high ligation of the patent processus vaginalis
have remained the standard treatment. Inguinal exploration
is generally carried out with a traditional surgical approach.
However, the literature has recently contained an increas-
ing number of reports on laparoscopic hernia repair in
children, highlighting an increase not only in the number of
cases that have been managed, but also in the number of
modifications and technical refinements in the procedure
itself [1-8].

To the best of our knowledge, to date our study repre-
sents the largest series of infants weighing 3 kg or less who
had inguinal hernias repaired via laparoscopic surgery.

Nagraj et al. [14] recently reported on early follow-up data
for a similar group of patients weighing about 5 kg, who
underwent an open inguinal operation. These authors state,
like many previous authors, that primary inguinal hernictomy
in neonates of low weight is a technically demanding proce-
dure and that the procedure is associated with an increased
overall rate of complications compared to the rate for older
children who underwent the same procedure [15]. The results
of the traditional open inguinal herniotomy, at least for chil-
dren of low body weight, are characterized by significantly
high rates for recurrence, testicular hypotrophy, and atrophy
or high testes that requires subsequent orchiopexy [16-18].

In the current study, we did not observe a single case of
testicular atrophy, although the condition probably is less
likely to be caused by the surgical technique than by
incarceration [19-21].

High testes requiring subsequent orchiopexy occurred in
5.9 % (4/67 patients) of our boys undergoing laparoscopic
hernia repair. It is important to underline, as we already
reported in results section, that all these patients presented
a testis positioned in high scrotal position at the moment of
the intervention but we decided preoperatively together
with the parents to correct this condition at 1 year of age as
it is reported in the guidelines of the management of
undescended testis.
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Another interesting finding of our study is that we had
no post-operative infections. We think that this is an
interesting point to discuss, in fact it is an advantage of
laparoscopic hernia repair because laparoscopic scars are
located higher compared to inguinal scars that are inside
the diaper area, and for this reason they are subject to urine
or fecal contamination with a higher infection rate com-
pared to laparoscopic scars that are located outside diaper
line in a safer zone. In fact, we reported fewer wound
infections compared to the infants of similar age operated
through inguinal way (0 vs. 2.3 % by Nagraj et al.) [14]. As
for technical point of view, probably, this procedure is
easier but technically demanding for the surgeon because
he has to be able to knot in a very small space; hence it is
useful to perform one or two enemas the day before surgery
to empty intestinal loops and to have a larger space into the
abdominal cavity to move instruments. As for trocars
position, in small infants we do not have a true triangula-
tion between optic and trocars because the two operative
trocars are located higher compared to usual position,
exactly they are positioned on the umbilical line at the
same level of the optic to have more distance from trocars
and the internal inguinal ring. As for the needle size, it is
difficult to manage large needle in premature infants,
probably the needle length has to be maximum of
17-20 mm, because larger needles are difficult to manage
with a higher risk of complications. Probably, one of the
main advantages of this procedure is in the case of irre-
ducible hernia. In fact thanks to laparoscopic traction and
the manual pressure from outside, it is easy to reduce
hernia content and in case of problems of bad vasculari-
zation of appendix or loops it is easy to exteriorize through
the umbilicus the specimen to perform a resection as
happened in three cases of appendectomy in our series.

Laparoscopic hernia repair in small babies is not only
easier for the surgeon but certainly it is also safer for the
patient. In fact the internal ring is reached in the open
technique by opening the inguinal canal and dissecting the
hernial sac from the “very thin” cord structures. Laparo-
scopic surgery approaches the internal ring without any
dissection of the abdominal wall or spermatic cord struc-
tures. In our experience, this approach is the easiest in
terms of its technical requirements for infants and babies.
In this population of patients, there is a risk of bowel dis-
tension, leading to visual restriction and a smaller operative
field in which to handle needle-drivers, but pre-operative
enemas can solve this problem. Serious intraoperative
complications such as bladder injury or rupture, which can
occur in open surgery with excessive mobilization of the
sac, are unlikely with the laparoscopic technique due to
superior visualization of the anatomic structures.

In the cases reported by Miyano et al. and Chung and
Yu [22, 23], even after the initial successful surgical

management of bladder injury caused by open herniotomy,
some children experienced long-term, serious complica-
tions and the development of bladders with small capacity.
Miyano et al. [22] reported the need for sigmoido-colo-
cystoplasty for bladder augmentation. The same authors
concluded that inguinal hernia repair (the open technique)
may be difficult, even in the most experienced of hands,
and can result in complications, especially in small infants.

Age, size, and weight of the child are not limiting fac-
tors for the laparoscopic approach in terms of surgical
technique. Anesthetists tend to object to laparoscopy for
small children considering the risk of opening right-to-left-
shunts due to the increased intra-abdominal pressure. We
have reflected on our subjective observations of various
surgeons in the years since laparoscopy was first estab-
lished in our unit. We believe that despite a steep learning
curve for our pediatric anesthesiologists, patient safety has
increased generally as laparoscopy has become a routine
procedure. However, we report minor problems related
with anesthesia in four patients in our series. In particular,
in these four cases the babies had a slow recovery after the
mioresolution at the end of anesthesia, and they were left
intubated for 1-2 h after the end of procedure.

As for the three recurrences, they always occurred in boys
and they were always located on the medial part of the
internal inguinal ring. We reoperated the three patients in
laparoscopy and we reclose the internal inguinal ring with-
out further recurrences. The take-home message is that it is
important to close well the medial part of the ring in par-
ticular the peritoneum between the inner spermatic vessels
and the vas, because this is the location of our recurrences.

In conclusion, laparoscopic inguinal hernia repair for
babies weighing 3 kg or less is feasible, safe, and perhaps
even less technically demanding than open inguinal her-
niotomy. We found no evidence of testicular atrophy or
serious intraoperative complications. The rates for recur-
rence and secondary high testes were similar or lower to
those with the open technique quoted in the international
literature [16-18, 24].

In our opinion, the laparoscopic approach seems to be
better than the traditional open herniotomy for small
babies, at least in terms of overall procedural benefit.

Conflict of interest We have no conflict of interest.
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Conclusive remarks

Inguinal hernia is one of the most common surgical conditions in infants
and children. Over the past few decades, inguinal exploration with clear
dissection of the hernial sac and secure high ligation of the patent
processus vaginalis (PPV) has remained the standard treatment. Inguinal
exploration is generally done with a traditional surgical approach. In
girls, it can be achieved without any complications, whereas in boys it
needs to be performed after separating important elements of the cord
and peritoneum and it requires a delicate dissection, in particular, in the
first year of life.

The studys reported in this thesis show laparoscopic repair of the
inguinal hernia in patients under 1 year of age, by expert hands, is a
safe, effective procedure to perform. Its ability to simultaneously repair
all forms of inguinal hernias (i.e., indirect, direct, combined, recurrent,
and incarcerated), together with contralateral patencies, has cemented its
role as a viable alternative to conventional repair. However, more patients
and longer follow-up are needed to determine the exact recurrence rate in
this age range.

As for direct inguinal hernia, a rare condition in children, and often
missed during the first operation (6/7 cases in our series) is better to
treat via laparoscopy, only after developing a good skill in intracorporeal
knoting. In fact the laparoscopic approach to incarcerated inguinal
hernia appears easy to perform from the technical point of view, probably
easier compared to the authors’ previous experience using inguinal
approach. The 3 main advantages of laparoscopic approach are that all
edematous tissue is surgically bypassed and the cord structures are not

touched; the reduction is performed under direct visual control, and



above all, an inspection of the incarcerated organ is performed at the
end of procedure.

I think that, when for a given paediatric pathology, there are different
treatments, as in inguinal hernia, it is important before performing the
operation to explain to the parents the pathology itself and the different
techniques to treat it, and this is an important procedure to be taken
also by paediatricians.

Also for babies weighing 3 kg or less is feasible, safe, and perhaps even
less technically demanding than open inguinal herniotomy. We found no
evidence of testicular atrophy or serious intraoperative complications.
The rates for recurrence and secondary high testes were similar or
lower to those with the open technique quoted in the international
literature.

So age, size, and weight of the child are not limiting factors for the

laparoscopic approach in terms of surgical technique.
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2.2 Laparoscopic approach for Varicocele

Varicocele is generally considered the most common correctable cause of
male infertility. It is indicated as a factor in about one third of infertile
males, being associated with testicular atrophy and abnormal seminal
factors .

The term varicocele indicates a dilatation of the testicular veins in the
pampiniform plexus caused by venous reflux. This reflux can impair the
countercurrent heat exchange mechanism within the spermatic vessels,
thus causing an increase in testicular and scrotal temperature. The
abnormally high temperature can subsequently lead to a progressive
dysfunction of the testicle and epididymis |.

Therefore, testicular atrophy and infertility can be direct consequences of
varicocele.

Varicocele mainly occurs on the left-hand side (80- 90% of cases).
However, bilateral lesions are reported in up to 20% of cases and right-
sided lesions in approximately 7% .

The incidence among men is 15%, and it is 2040% among men
presenting to infertility clinics.

Varicocele is a rare disorder in children, with an average reported
incidence of approximately 5%. Although rare before puberty (<1%), the
incidence of varicocele in postpubertal children is similar to that of
adulthood.

Several treatment options have been used, including spermatic vein
sclerotherapy or embolization, open inguinal ligation of the spermatic
vein, subinguinal microscopic varicocelectomy, and, most recently,

laparoscopy, but the ideal method for varicocele treatment is still



controversial . The ideal procedure should perform a varicocelectomy
with a low rate of recurrence, hydrocele formation, and testicular
atrophy. The indication for varicocelectomy includes testicular volume

discrepancy, chronic scrotal pain, and infertility.



Use of Blue Patent Lymphography to prevents

hydrocele

Varicocele is a relatively common disorder in children, with an average
reported incidence of approximately 15% in the prepubertal group.
Varicoceles can lead to testicular hypotrophy and infertility; therefore,
surgical treatment is frequently required in the pediatric age group.
Multiple methods exist for the treatment of varicoceles, including
sclerotherapy and open and laparoscopic surgical ligation of the
spermatic vessels. With recent advances in minimally invasive surgery,
there have been many reports showed the safety and efficacy of Palomo
laparoscopic repair. Whichever treatment is chosen, postoperative
complications are fairly common, such as recurrence, persistence,
hydrocele, and testicular atrophy. In particular, with Palomo repair the
incidence of persistence/recurrence of varicocele seems lower than 5%,
and the incidence of postoperative hydrocele seems to be higher than
30%.

The lymphatic-sparing (LS) laparoscopic Palomo procedure of injecting
isosulfan blue into the scrotum is one of the surgical options that has
gained popularity in the last 10 years because it seems to reduce the
occurrence of postoperative hydrocele with better identification of the
lymphatic vessels.

However, based on an analysis of the international literature, only small
series with a short or an intermediate follow-up have been published.
Togheter the centre of Vicenza we tested the hypothesis that the
laparoscopic Palomo procedure with use of blu patent limphography

prevent the post-operative hydrocele.



The study see below is published in Journal Of Laparoendoscopic &

Advanced Surgical Techniques shows long term results.
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Blue Patent Lymphography Prevents Hydrocele After
Laparoscopic Varicocelectomy: 10 Years of Experience
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Abstract

Purpose: Laparoscopic varicocdectomy according to the Palomo technique & the most common procedure
adopted in children with testicular varicocele. This procedure inwolves the ligation of the internal spermatic cord
and & associated with a 3%5% incidence of securrence and up to 3% incidence of hydroceles. We sought o
determine the impact of lymphatic preservation on hydrocele formation and the success of varicocelecbomy.
Patients and Methods: We retros pectively evaluated 3% patients with a mean age of 13.2 years who undsrwent
laparoscopic varicocelectomy. Patients were divided into two groups: those who underwent a lymphatic-sparing
(LS) procedure using isceulfan blue scrotal intra-dartoic injection and these who underwent a non-LS (NLS)
technique. The incdences of recurrence/ persis tence and postoperative hydrocele formation requiring surgery or
aspiration were analyzed statistically using the chi-squared test.

Results: Of 396 patients, 244 received a laparoscopic LS procedure, and 152 received an NLS opemtion The LS
patients in whom the lymphatic vessels were not identified (26/244 [10L6%]) were considered MNLS repairs. The
follow-up was at least 12 months. LS surgery (215 patients) was assodated with a decreased incidence of
postoperative hydrocele (0/218 [(%] versus 18/178 [101%] chi-squared test=2584, difference statistically
significant). There was no significant difference in incidence of persistent or recurrent varicocele requiring
repperation following the initial procedure (5/218 [2.2%)] versus 5/178 [28% | chi-squared test=0.41, difference
statistically not significant).

Conclusions: Laparcscopic LS varicocelectomy using isosulfan blue is preferable to laparcscopic Palomo repair
that does not preserve the lymphatics. It has a significantly lower incddence of postoperative hydroceles and siill
maintaire a low inddence of persistence/ recumrence.

Imbriosd wctl om repair the incidence of pensistence /recurrence of varicooek:
wems lower than TG, and the incidence of postoperative
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FIG. L Lymphatic vessels dyed with blue patent.

Patlents and Methods

We netraspectively reviewed the dats of 39 patients who
underwent laparoscopic varmodeckmymmrolhlim cen-
ters of pediatric surgery from N 2000 to N k
2010. All the patients were affected by a left varicocele. Pa-
tients’ ages ranged from 7 1o 18 years (median, 13.2 years). All
ﬂnpaﬁaﬁslulabdnnmd&ndz(}ndemvme
asocisted with hyp lateral testis and/or
pﬁnamlaadugmﬁmmummwgpnmm
derwent an echo-color Doppler examination preoperatively.
No specificclinical criteria wene used o select patients, and all
underwent a laparoscopic Palomo procedure. Since Septem-
ber 2002, we have performed preoperative lymphography
with isosulfan blue during lparoscopic Palomo procedures.

Following induction of general anesthesia, about 5 minut

CHIARENZA ET AL

FIG. 3. Complete lymphatic sparing.

from the internal inguinal ring, and the intemal spermatic
vessels were identified and ligated by clips s them
from the blue-stained lymphatics (Figs 1and 2). Using this
technique, it was possible to preserve the main funicular
lymphatic vessels (Fig. 3); however, invariably thase inti-
mately attached to the internal spermatic veins werne sacri-
ficed.

The laparcscopic Palomo procedure was fully car-
ried out in all patients any cor or complica-
tions. In all patients, mean operative time was 25.7 minutes
(range, 10-65 minutes) The left scrotum was blue colored for
about 2-3 days, and many children had blue urine for about
48 hours No adverse effects were mecorded nelated to the
sosulfan blue injection. Patients wene divided into two

2 therna et

before trocar introduction, 1-2mL of 2.5% osulfan blue so-
lution was injected into the intra-dartoic space of the left
hemiscrotum, and the skin of the scrotum was gently mas-
mged for about 1 mimste. A hpum«:qa: proced une vnth
three 3- or 5-mm ports was perft A small perit

mxdowwsopmedlmdlymﬂecodatm%cm

FIG. 2. Lymphatic sparing appraach.

groups thase who had undengone an LS procedure and those
wlnlndundagoneamlS(NlS) hchmque.'ntm-
dences of recurrence/ persist postoperstive hydmcele
formation, and p ative hydrocele requiring surgery o
spu:t:nn wereamlyzed shhstaﬂymngthedn-sqmmd

Results

Of 39% patients analyzed, 244 received an LS procedure,
and 152 underwent NLS repairs. Of the 244 patients who
underwent the LS procedure, 26 (10.6%) had a negative nsult
b lymphati ls were not identified and so were
cmsidered a “infention-to-treat” patients. These were con-
sidered NLS mepairs, and their nsults have been added to
those of the NLS group. Therefors, the LS group induded 218
patients, and the NLS group included 178 patients.

With a minimum follow-up of 12 months (ange, 1-10
years) all the patients have been followed up with a clinical
follow-up at 1 week, 1 month, and each year for the fist
3

years.

The LS group (218 patients) was associsted with a de-
creased incidence of postoperative hydrocele compared with
the NLS group (0/218 [(%] versus 18/178 [10.1%]; chi-
squared test=25.84, difference statistically significant). There
was no significant difference in incidence of persistent or
recurrent varicocele mequiring regperation following LS
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procedures (5718 [2.2%] venns 5/178 [28%] chisquared
test =041, difference :h'hd:a“}r vt !'Ern'ﬁumtj. Mo other

The lﬂ-}l}r\clr\uczh:h'ﬂ'l:m?mq: ma“marmsﬂl with
repeated scrotal punctures with the patient under local an-
egthesia; in 13 patients the hydrocele disappeared afer thos
hﬁwpm'l:bum.ﬂ:uﬂ:r5paﬁurhmquirﬂlam:&im]
prosced une to perform vaginal ressction. As for the 10 persis-
temt S currencs varioooeles, 8§ wens &5;:: -1 {ahﬂ at echo-
color Doppler study), and they mequire no further treatment;
only 2 patients received a redo laparcscopic procedune by the
Palomo 'Im'hm'qlz after a d:'n:Erlnd:i: ]:!]'l.HroE;mPIl}r with no
further recurmnce.

Discussion

At present, several Tmtnr: techmiques ane used n the
trestment of varioocele "7 In analyzing the pedistric inter-
natonal |derature, it seems that the L i Palomao
provscesd e kﬂ-'lm}ndqizpﬂmdh}ra:mapmiydm
geonsbecmpe it has the advantages of optimal magnification
of the vascular strodums, minimal rstidhea] scars, and, above
all, a bow incidence of varmosle .-"]:ll:m':h:rl:r_z"'m

ﬂ-mmimmrp]imhufﬂ-ﬁ]mim}mimzi:
postoperative hydmxele as a result of the mnterruption of the
lymphatic outflow from the subservient testis " The
mﬂ-]ituzham:]mwam'lﬁznd:}l}rdmcdzfmnmd'lzr
Palomo varcocelecomy ranging fmm 5% to 3965 This
w:l:iﬂni]ﬂ}r may be because diffennt suthons repaort dlifferenit
lemggthe of folkaw-up. hgﬂnﬂ,:tnmﬂnt}qdmmhhr
mation may appear from 1 menth to 2 yeans =

In 2001 Oswald etal ™ described a modification of the u]:l:n
Palomme technique wing sosulfan blue for preoperative 1ym:
P}u&;zpll}r.hﬂ:ﬂ'anum:i:anmud:wtlﬂm,and:iﬁ:
used in breast cancer and other malignancies to detect nodal
metastasie. Oswald et al ™ wsed this techmique to stain lym-
P]‘nti: '\rﬂml:tn]:!nwmt their intraoperative Jiaptim.x

Other prochacts have been adopted #0 pedform lymphatic
i%mﬂa:rﬂqh-bhnhdmauﬂn:m
ported senvtal skin mecmss wsing this procedure; for this ressn
the we of methylens blue for lymphogmaphy was completely
ahrﬂmnd.w'%aﬂm:q:mhdmﬁhﬂmz&m

ntﬂl}rh-hhzd}llmhrlﬁrlﬂart-n:,h:tﬂ-m
wiere ot ghadied T Other heave
ahmd}rh]:lﬂ:hﬂudmﬂznﬂn:ﬁhnﬂ] literatun: asfora LS
prosxedune, but all the seres ae oosed on small mumbens
of [partients with a small or intermediaie fnﬂmﬂap.lm'nm
To the best of our knowledge, our series & the binges sries
pﬁk}nclinﬂzlﬂmhmmﬂlhhpiquﬂﬁpaﬁ:ﬂ:
operated on with a long, follow-wup of maone than 10 year

From the technical point of view, during lpamsapic Pa-
loxmas n:_Pm'r, it B rﬂ“}r 'Im'hm'mﬂ}r difficult to :i&:rlﬁf}r J}rm.—
phatic vessels with certainty because they are too small and
towy mmilar to arberies and vers. With an LSPmcﬂlmz, as
shown in our series, we are able to identify lymphatics in
about W of patients, to spane them and to aveid a postop-
emative ]'l}rdmc:lg In fact, in our series them & a :Emﬁm:rlt
difference ichi-squared test=25584) in hydrocele formation
betiwesn the LS pmup (P developed a hivd meele) compared
with the NLS group (11% developed a hydmosle). We alnead y
reported i 2006 our preliminary experience with e LS
]:!mcﬂlm in which we identified 63% of J}m‘l.]ﬂnﬁ: vessels

ampaned with about 909 of this series™ We think that this
d:ﬁn'uun&zhi}:fa:tﬂntm}wudmﬂu&mdﬂ-
proscedune of ingecti

Asfwﬂ-lﬁnfpaﬁurhwﬁwfnﬂm&:ﬁﬂ-mpt\o-
cerdhure, we noted thatall these 26 patients wers patients witha
body weight greater than Mkg. Probably in these patients,
coomesi clered a:aduh,ﬂ-amntcf]:mududh#hd T oy s

i compared with the amount that we e in smaller
&ﬂhmnﬂw:mwuﬂh‘l&mﬂntmhmhﬂ-
patients last operated on not included in this series, this hy-
pothesis sesme to be mnfimmed *

W:rq:mhdnoadm:fﬁ:l:h#tn‘nahmﬂﬁnhhz
ecept the blue coloration of sarotal skin and blue urine for
sEame da}r: in the th:‘:uzh\r: Pu'hd.m' Howewer, it is
extremely importantto inform panents presperativedy of thes
minima)l advense effects.

Regarding percitence; reairmence of varicooel, then was
oy sigmificant diflerence (chi squared st =041) in the nci-
denice of istent or recurnent vancocele in the two
analyzed: LS /218 [2.2%]) versus NLS (5/178 [28%])

Fegarding our operative fndmgrs, we moted that afer mo-
sl famblue ingection, 'ﬂlmq'm:it}r-uﬂ}u'n]mﬁ:: { vy e Hhureses) e
medial tocomd, and anly sma ll mumbers of fhem fone or o) ane
m:hrhﬂ-mihmmiuiiwuahvay:mqu'ﬂ-
s ackherent to the and, and they hove to be serificed and
dippd'hﬁ:ﬂﬂu%ﬂ-ﬁmmﬁ:m

Angther interesting finding is that sometime not only the
J}lmp}nhultmm: blise, st akeo we mobed ﬂntﬂzpu:ih-
neum that covers the inner spermatic vessels became blue
However, afer the pertomeum is opensd lymphatios ane
dmﬂ}rmunmﬂl }rwm:]:ur:ﬂm:m]}r As for the
timing of infection, we inject the product 5-10 minsbes bebone
m‘h‘ulun:lgﬂzﬁrih‘mmﬂ]}unphahﬂmnm‘nﬂlﬂmfw
absout 3040 minnrbes.

Conclusions

We believe that our outeome un'lﬁ:muﬂzaln]ﬂ}rh
form a microscopic dissection and preserve lymphatios
inegg lapa moscopic varicoos lctomy. The presentseries provides
further evidence i}n‘t]apm]:u': Palomao um'.imc:lmln'n}r:i:
an effective procedune, and when the lymphatics are spared,
'H'l::in:ihuuf}l}rdmc:k :En'ma'l:imandmﬂjmqiznhﬂdfw
hydmcelectomy can decrase down to 2ere. Our seres shows
that it is important to stindandize the technique of injection
that permits identification of lymphatics in sbout W% of
cages. The isosu fan blue mjection does not seem & nfluence
ﬁ:mf}:ﬂ:ﬁdﬂﬂm‘ha:ﬁkinﬁ]nhhﬂﬁ Froups
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Conclusive remarks

The most common complication of the Palomo technique is postoperative
hydrocele as a result of the interruption of the lymphatic outflow from
the subservient testis The reports in the literature show a range of
hydrocele formation after Palomo varicocelectomy ranging from 5% to
39%.This variability may be because different authors report different
lengths of follow-up. In general, it seems that hydrocele formation may
appear from 1 month to 2 years postoperatively .

Outcome confirms the ability to perform a microscopic dissection and
preserve lymphatics during laparoscopic varicocelectomy. The present
series  provides further evidence that laparoscopic Palomo
varicocelectomy is an effective procedure, and when the lymphatics are
spared, the incidence of hydrocele formation and subsequent need for
hydrocelectomy can decrease down to zero.

From the technical point of view, during laparoscopic Palomo repair, it is
really technically difficult to identify lymphatic vessels with certainty
because they are too small and too similar to arteries and veins. With an
LS procedure, as shown in our series, we are able to identify lymphatics
in about 90% of patients, to spare them and to avoid a postoperative
hydrocele.

In fact, in our series there is a significant difference (chi-squared test =
25.84) in hydrocele formation between the LS group (0% developed a
hydrocele) compared with the NLS group (11% developed a hydrocele).
Our series shows that it is important to standardize the technique of
injection that permits identification of lymphatics in about 90% of cases.
The isosulfan blue injection does not seem to influence the

recurrence/persistent rate as it is similar in both groups.
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