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In 1987 Mouret performed the first laparoscopic
cholecystectomy, starting a revolution in surgery. For
paediatricians it is difficult to appreciate the magnitude of
what has occurred in this short period. The development of
minimal access techniques represents the most significant
change in surgical practice since the introduction of aseptic
technique or safe anaesthesia. As with many innovations,
rapid change, technical language, and the evangelism of
pioneers has left confusion in its wake.
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T
his review is intended to allow paediatricians
to understand the advantages of minimally
invasive techniques in general, and suggest

the place of specific procedures which are
advocated for childhood disease, focusing on
their application in abdominal and thoracic
surgery.

WHAT IS MINIMALLY INVASIVE
SURGERY?
Minimal access techniques seek to perform
surgical procedures while avoiding the morbidity
of conventional surgical wounds. This became
possible through the combination of three
technological advances: the Hopkins rod lens
system and miniaturisation of video cameras
allow the surgeon’s visualisation inside the body
at least equal to open surgery, while standing in
a normal posture. Insufflation devices allow
controlled distension of body cavities with gas
to provide the surgeon space to work.

Advantages of minimally invasive
techniques
There are three principal advantages. Firstly,
avoidance of large wounds should lead to less
postoperative pain; this should in turn minimise
the morbidity due to immobility such as post-
operative atelectasis and venous thrombosis.1

Secondly, avoidance of a wound should lead to
earlier hospital discharge and shorter convales-
cence. Thirdly, the small portholes of laparo-
scopic surgery should lead to improved cosmesis.
With the exception of cosmesis (which para-
doxically is frequently the most important
advantage in patient’s perceptions!), these are
usually the indices by which minimal access
surgery is compared to open surgery. Although it
may seem obvious that smaller incisions should
result in less pain and quicker recovery, in well
designed trials the advantages of minimally
invasive techniques can be surprisingly difficult
to demonstrate.2 There are a number of other
possible advantages claimed for minimal access

such as better visualisation of inaccessible areas,
minimisation of risk of adhesive intestinal
obstruction, and a decreased inflammatory
response.

Disadvantages of minimally invasive
techniques
Chief among the disadvantages is the ‘‘learning
curve’’ of the new techniques. Complications
usually occur early in the surgeon’s overall
experience of minimal access, or when an
experienced surgeon is expanding into new
procedures.3 Recognition of this has led to a
proliferation of training courses, simulators, web
based videos, and mentoring systems. It should
also be acknowledged that open surgery too has
a learning curve, and it is inevitable that surgical
training carries some morbidity. Parents, and
paediatricians considering referring their
patients, may well ask: ‘‘how long is the
surgeon’s learning curve?’’. Using fundoplication
as a guide, one study specified the first 20
procedures as the period of maximum risk.4

The creation of a gas filled cavity also carries
risks. Inadvertent perforation of viscera during
the initial puncture, haemodynamic and venti-
latory changes, and gas embolus are all recog-
nised. In addition there are procedure specific
risks created by the use of minimally invasive
techniques such as port site metastasis following
laparoscopic cancer surgery, and port site hernia
and haemorrhage following any type of surgery.
Minimal access procedures usually take longer

than conventional open surgery, with conse-
quent reduced throughput; the implications of
this may be unwelcome to those responsible for
management of healthcare systems. This may be
offset by reduced costs from earlier hospital
discharge.

WHAT IS THE PLACE OF MINIMALLY
INVASIVE SURGERY IN PAEDIATRICS?
This subject is rapidly changing, and the only
certainty is that minimal access techniques will
be increasingly applied to children. At present
paediatricians may be faced with a dilemma: are
the advantages of such techniques so great that
children should be referred to surgeons offering
minimal access, or is conventional open surgery
still appropriate? While the best comparisons of
open and minimal access techniques have been
performed in adults, there are often difficulties
in applying the conclusions of such studies to
children. For example, most paediatric surgeons
would aim to achieve appendicectomy or exci-
sion of a multi-cystic dysplastic kidney through
very small incisions, which might offer identical
recovery to a minimal access approach. Consi-
derations about early return to wage earning
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activity will influence adult patients’ preferences, but are
irrelevant to a baby undergoing pyloromyotomy.

Upper gastrointestinal surgery
Gastro-oesophageal reflux (table 1)
Despite fundoplication being the commonest major proce-
dure performed by paediatric surgeons, there are only
preliminary reports of one randomised comparison.
Fundoplication fulfils many of the pre-requisites for a
procedure to be successfully translated from open to minimal
access in that the conventional procedure produces a large
painful wound and significant hospital stay while there are
no technical difficulties in the formation of a gastric wrap
with laparoscopic instrumentation.
There are eight randomised trials comparing open with

laparoscopic fundoplication using adult patients. With the
exception of the study of Bais and colleagues,5 where patients
undergoing laparoscopic fundoplication experienced dyspha-
gia, there is no difference in controlling reflux, while
laparoscopy offers reduced pain and earlier discharge. I
believe that children should be offered laparoscopic fundo-
plication.

Oesophageal atresia
Conventional repair of oesophageal atresia in the newborn
produces survival in more that 95% of cases, with excellent
long term function in the majority. Thoracoscopic repair will
not lead to improved survival since mortality is largely
because of concomitant uncorrectable congenital heart
disease, while construction of a less than perfect anastamosis
may very well compromise long term function. Any sugges-
tion of excess morbidity as a result of thoracoscopic
techniques should be a cause for concern. Conventional
surgery will remain the norm for the foreseeable future.

Achalasia (table 2)
Surgical treatment of achalasia consists of a vertical myotomy
at the site of the lower oesophageal sphincter (Heller’s
operation), coupled with some form of fundoplication. Two
controlled studies of open versus laparoscopic approaches
have been reported in adults, both of which suggest
advantages to the use of laparoscopy. Paediatric case series
do not suggest any difficulties in applying the procedure to
children.6 A recent review suggests that surgical myotomy is
the treatment of choice.7 When the decision is to operate,
children with achalasia should be offered a laparoscopic
myotomy and anti-reflux procedure.

Idiopathic infanti le pyloric stenosis ( table 2)
In one prospective randomised comparison of laparoscopic
and open pyloromyotomy;8 babies were shown to feed
significantly earlier and vomit significantly less after laparo-
scopic pyloromyotomy. In seven comparative studies, one
reported an unacceptable incidence of complications follow-
ing laparoscopic pyloromyotomy,9 although this did not
prevent the authors persisting in their recommendation of
the procedure! Three reported no difference. Incomplete
pyloromyotomy is a rare event following conventional
pyloromyotomy, but is reported more often after laparoscopic
surgery.10 Discharge from hospital after conventional pylor-
omyotomy is typically less than 48 hours, while the use of the
circumbilical incision leads to a cosmetically pleasing scar,
largely negating the advantages of minimal access techni-
ques. Laparoscopic pyloromyotomy is acceptable, but advan-
tages over conventional surgery may be minimal.

Hepato-biliary surgery
Cholelithiasis (table 1)
Cholecystectomy is the most frequently performed laparo-
scopic procedure, although it is accepted that the incidence of
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bile duct injury has increased as a result of the change from
conventional surgery. This can be a life threatening event.11

There are no randomised controlled studies of laparoscopic
and conventional cholecystectomy in children. The compar-
ison is complicated since adult literature frequently compares
laparoscopic to ‘‘mini-laparotomy’’ cholecystectomy, which is
an open operation performed through a small incision, while
children with gallstones will often require simultaneous
splenectomy. While the advantages of laparoscopic cholecys-
tectomy in adults may not be as great as initially hoped,12 the
procedure is now accepted as the gold standard. Controversial
issues include whether a cholangiogram is always indicated,
as some suggest,3 even if the anatomy is clear and there are
no other features to suggest ductal stones. Non-randomised
paediatric studies do not suggest any difficulties specific to
children,13 and therefore children should preferentially
receive laparoscopic cholecystectomy.

Choledochal cyst/biliary atresia
Because of risks of infection, perforation, and malignancy, a
choledochal cyst is treated by excision of the entire extra-
hepatic biliary tract and reconstruction with a loop of
jejunum. Laparoscopic techniques are described, but there
are unlikely ever to be controlled trials. Attempts at
laparoscopic biliary reconstruction in children should be
recognised as a major undertaking requiring advanced skills.
Whereas the morbidity of a poorly formed, strictured biliary
reconstruction can be lifelong with secondary biliary cirrho-
sis, the benefits of a laparoscopic rather than conventional
approach to such a reconstruction are unlikely to be enjoyed
by the child after a month has passed. Surgeons should be
clear about the relative merits and risks of attempting such a
procedure laparoscopically.
The dissection and reconstruction demanded by the

anomaly of biliary atresia are similar, with the added
imperative of the outcomes of surgery being heavily
dependent on early diagnosis and intervention. The restric-
tions of space within the abdomen of a neonate make this
author sceptical about the wisdom of attempting such a
reconstruction laparoscopically.

Spherocytosis/idiopathic thrombocytopenic
purpura (table 2)
Laparoscopic splenectomy offers worthwhile advantages over
the open procedure, including reduced blood loss,14 and will
frequently be combined with laparoscopic cholecystectomy in
children.15 The control of the large vessels within the splenic
pedicle may require either a mechanical stapler or a
specialised haemostatic device. Children should be offered
laparoscopic splenectomy.

Colorectal surgery
Paediatric colorectal surgery is principally concerned with the
congenital anomalies of Hirschsprung’s disease and imperfo-
rate anus, and the acquired conditions of inflammatory
bowel disease and appendicitis, all subject to laparoscopic
surgery.

Appendicitis (table 1)
There are two prospectively randomised trials of laparoscopic
versus open appendicectomy in children,16 17 one of which has
been subject to further analysis of the subgroup of
complicated appendicitis. The two trials came to opposite
conclusions. In the study of Lintula et al, children undergoing
laparoscopic appendicectomy for uncomplicated appendicitis
experienced less postoperative pain and earlier hospital
discharge.17 However, the mean advantage over the open
procedure was 0.13 mg/kg less of oxycodone analgesia and
discharge 0.7 days earlier, which seems of doubtful value. The
same authors express concern about the use of laparoscopy in
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complex appendicitis, which leads to a higher incidence of
residual intra-abdominal abscess. The benefits of the mini-
mally invasive technique are probably real, but they are
certainly not large enough to displace conventional open
appendicectomy.

Colectomy for acquired disease (table 2)
Comparisons of open versus laparoscopic colectomies often
study patients with colorectal carcinoma, and this offers little
guidance to paediatricians whose concern is with benign
disease. Excluding such studies, three non-randomised
studies have been reported, with mixed results. There is no
proven benefit to performing colonic resection laparoscopi-
cally in children.

Colorectal surgery for congenital disease (table 2)
There are several reports on laparoscopic assisted techniques
in the treatment of both Hirschsprung’s disease and ano-
rectal malformations, including one non-randomised com-
parison of open and laparoscopic pull through for
Hirschsprung’s disease.18 Unfortunately this study was
compromised by utilising infants of around 1K years of
age, most of whom had received a prior colostomy, whereas
most would favour definitive surgery without a colostomy in
the first few weeks of life. Because of the infrequency of these
conditions, it is unlikely that a randomised trial will ever be
performed to prove the benefits of minimal access. In these
circumstances, providing comparison with historical controls
does not reveal excess morbidity among laparoscopically
treated infants, minimal access is appropriate, but not
mandatory. The ACE procedure for salvage of impaired faecal
continence particularly lends itself to laparoscopic techniques
if and when the appendix is going to be used as the non-
refluxing catheterisable channel.

Paediatric urology
Historically the first area where laparoscopy was adopted
outside gynaecology was in the evaluation of impalpable
testes by paediatric surgeons, and this remains a common
indication. Minimal access has been extended from purely
diagnostic to therapeutic use with the ability to perform
testicular mobilisation laparoscopically. In the same anato-
mical area, laparoscopic clipping of the testicular pedicle is
effective treatment for a varicocele. One area where laparo-
scopy is clearly advantageous is in the harvesting of kidneys
for transplantation from living related donors.

Renal dysplasia (table 2)
Total or partial nephrectomy performed laparoscopically for
benign disease in children is described, and controlled
comparisons in adult patients suggest that there are
advantages. However, multi-cystic dysplastic kidneys are
frequently less than 3 cm long and may be removed through
very small incisions. For such kidneys, there may be no
advantage to laproscopic nephrectomy. With this caveat,
laparoscopic nephrectomy is appropriate in children.

Pelvi-ureteric junction stenosis (table 2)
Congenital obstruction of the ureter at it’s junction with the
renal pelvis leads to intermittent loin pain and can result in
loss of renal function. Pyeloplasty relieves the obstruction
either by re-anastamosing the ureter or by a localised plastic
procedure. The procedure is increasingly performed lapar-
oscopically in adult practice and is described in children,
although technically demanding with a high conversion
rate.19 There are no controlled studies in children, and while
adult experience is encouraging, it should be remembered
that the consequence of an inadequate pyeloplasty may be
loss of the kidney.

Vesico-ureteric reflux
Although there are reports of laparoscopic reimplantation of
ureter, these are small, uncontrolled descriptions, and even
their authors seem unenthusiastic. However, the procedure
should lend itself to a trans-vesical minimal access approach,
and may well become accepted.

Thoracic surgery
Cystic adenomatoid malformation/congenital
emphysema/bronchopulmonary sequestration
These congenital pulmonary anomalies are frequently
detected antenatally, and are controversial because of their
uncertain natural history. In adults pulmonary lobectomy is
increasingly performed thoracoscopically, taking advantage of
mechanical staplers to both transect lung and major vascular
pedicles. There are no surgical staplers applicable to neonatal
or infant lung, and alternative means of sealing lung are
used. Thoracotomy in young children can lead to chest
deformity caused by rib fusion and disordered growth, and
avoidance of this may be a specific advantage of thoracoscopy
in infants. Currently, all that can be said is that while there
is no proof of their superiority such procedures are technically
feasible, even in infants as young as 3 months.20

Endocrine surgery
Both thyroidectomy and adrenalectomy may be performed
using minimal access. There are few controlled comparisons
in the adult literature and none for children. Given the rarity
of these procedures in paediatric surgery it may be that
minimal access approaches will be restricted to adult
endocrine surgeons for the foreseeable future.

Surgical oncology
The principal solid tumours of childhood are best managed
within protocols, which currently do not specify minimal
access techniques. Consequently there have been few reports
of the therapeutic use of these techniques in paediatric
oncology. Minimal access techniques do have a clear role in
the evaluation of suspicious intra-thoracic or intra-abdom-
inal masses, particularly in the assessment of potential
metastatic disease. Suspicious masses in children with
known malignancy frequently proved innocent on biopsy
material obtained with thoracoscopy or laparoscopy.21

Surgery of the body wall and diaphragm
Inguinal hernia
Some paediatric surgeons advocate routinely exploring the
contralateral groin when an inguinal hernia is repaired in a
child. Because the incidence of asymptomatic occult hernia is
low, this leads to a large number of unnecessary procedures.
As a compromise, others have suggested that when a groin
hernia is explored, a laparoscope can be inserted through the
hernial sac to assess the contralateral inguinal ring.3 The
author’s view is that even this is probably unjustified since
many apparently open inguinal rings will never result in a
clinically important hernia.
It is also possible to repair children’s groin hernia using an

entirely laparoscopic approach. Given the minor nature of
conventional herniotomy surgery it is difficult to see this
offering any advantages to children.

Diaphragmatic hernia
There are several reports describing repair of either Bochdalek
or Morgagni hernias either laparoscopically or thoracoscopi-
cally. Although the reduction and repair is straightforward in
older children, whether minimal access offers survival advan-
tages to a neonate born with a Bochdalek hernia and with
significant pulmonary hypoplasia is unknown. Conventional
repair leads to a reduction in pulmonary compliance, and
perhaps there is a role for minimal surgery in this situation.
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Pectus excavatum
This congenital disorder of the chest leaves the child with a
backward pointing sternum and an unattractive dip in the
middle of their chest; there may be functional effects in later
life with decreased exercise tolerance. Conventional correc-
tion involves a major resection and refashioning of several
costal cartilages. A new minimal access technique, the Nuss
procedure, has been developed which offers reconstruction
with much less trauma to the thorax.

Diagnostic uses of minimal access
In a study of 15 children with recurrent abdominal pain, and
uninformative imaging, laparoscopic examination was
claimed to lead to positive diagnostic findings in 11, and
resolution of pain in all.22 Whether lymphoid hyperplasia of
the appendix is a normal variant or a positive diagnostic
finding is open to argument, but it is clear that this
problematic group of children can be usefully assessed with
laparoscopic techniques. Intra-thoracic pathology may be
similarly assessed.3

CONCLUSIONS
Although there are many procedures where we can use
minimal access, there are no procedures where we must use
these techniques. In published paediatric experience there is
not a single procedure where evidence proves the benefits of
such surgery. Surgeons who hold that non-randomised
comparisons with historical controls, or uncontrolled case
series are sufficient, or that the benefits of minimal access
techniques are so obvious as to not require proof of efficacy
would be advised to study Majeed and colleagues.2 At
present, the best we can say is that by interpolating the
results of trials of open versus minimal access surgery
performed in adults we hope the proven benefits exist also
for children.
Where procedures have been first reported in adult series,

there has usually been an initial excess morbidity.
Forewarned of dangers, paediatric surgeons have been largely
able to avoid the pitfalls which have been marked out by the
surgeons who have gone before them. Paediatric surgeons
need to be mindful that for conditions which are exclusively
seen in children such as oesophageal or biliary atresia, this
excess morbidity may very well fall on their patients.
As with trials and licensing of pharmaceuticals for

children, compromises must be made in everyday paediatric
practice when evaluating the use of minimal access techni-
ques. The increasingly hostile regulatory environment
towards the creation of prospective randomised research
coupled with the virtual disappearance of university and
government support for clinical research means that for
many surgical procedures in children there will never be
unequivocal evidence of the superiority of minimal access
techniques over conventional surgery. Nevertheless it is
reasonable to assume that minimal access offers reduced
pain, earlier discharge, and better cosmesis for many
procedures. Within the caveats expressed, these are real
advantages which should not be denied to children under-
going surgery.
The next decade will see further technological advances

with more procedures possible in children using minimal
access. It is easy for surgeons to claim a ‘‘first’’ by performing
such operations, but the publishing of small uncontrolled
series fails to prove the superiority of the new over the old.
What we need is proof of efficacy for new minimal access
procedures and this can only come from randomised trials.
This slow and difficult work, rather than the beguiling new
technologies, should be the focus of effort for both paediatric
surgeons and the paediatricians who refer us our patients.
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