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It is a pleasure for me to write the preface of this manual of pediatric MIS for 
two main reasons: first of all because I was involved in the field of Pediatric 
MIS Surgery from the beginning of its development in Europe at the begin-
ning of the 1990s and second because one of the editors of this book, Ciro 
Esposito, was my trainee between 1991 and 1993, whom I also consider as 
my “surgical son.”

Since nearly 10 years, the main goal of ESPES (European Society of 
Pediatric Endoscopic Surgeons) is education, and for this reason, to publish a 
manual of pediatric MIS techniques is an excellent idea.

At the beginning of laparoscopic area, we had to prove that pediatric lapa-
roscopy offered some benefits to our patients. While some of you, as pio-
neers, paved the way and ignored the criticism of their colleagues, the others 
choose to watch with interest. And over the last 25 years, pediatric MIS made 
the transition from the “look what I can do” phase to a real validation of the 
MIS approach by randomized trials and comparisons of the open versus the 
scopic approach. Today, nearly everything, in pediatric surgery, can be done 
laparoscopically, retroperitoneoscopically, thoracoscopically, and even using 
robotic surgery.

The technique has evolved to a standard of care in many centers around the 
world. Even if many senior surgeons haven’t learned the technique and there-
fore don’t offer it to their patients, most surgeons in their team and in training 
are as confident with laparoscopy as they are with the open approach. Of 
course, the approaches have evolved over the years as well as the learning 
curve, but we can say now that MIS procedures are cost-effective operations 
that rarely take extra time to perform, even in some cases save time, and more 
importantly are part of our current practices.

This manual, then, serves as both an update of current practices and a real 
guide to the most common operations in pediatric. It covers the basics of 
anesthesia, instrumentation, and ergonomics and then reviews many of the 
more commonly performed laparoscopic, thoracoscopic, retroperitoneo-
scopic, and robotic pediatric procedures, including a review of the possibili-
ties of prenatal treatment. While any book written about such a rapidly 
evolving technique may miss some of the very newest twists or modifications 
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of technique, I am sure that most of the content will serve as a reference for 
many years. The format is designed to be readily accessible, and it will be 
certainly a must and a real opportunity for the new generation of pediatric 
surgeons.

CHU la Timone, Marseille, France Jean Michel Guys 
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The field of minimally invasive surgery in children and infants is rapidly 
growing and currently is considered the new frontier of pediatric surgery.

ESPES Manual of Pediatric Minimally Invasive Surgery (MIS) provides 
practicing pediatric surgeons and pediatric urologists with authoritative chap-
ters that were written by recognized experts and cover all the aspects of pedi-
atric MIS. The goal of the editors and the authors is simple: to provide the 
readers a unique resource consisting of practical and technically oriented 
chapters focused on all the aspects of pediatric laparoscopy, retroperitoneos-
copy, and thoracoscopy.

ESPES Manual of Pediatric Minimally Invasive Surgery is based on a 
simple but important philosophy: give a practical and up-to-date resource for 
the practicing surgeon detailing the specific needs and special considerations 
surrounding the minimally invasive care of children.

We especially wanted to convey this information in an accessible and 
pleasing format.

Written by expert surgeons, each chapter has been carefully edited to 
maintain continuity in style and format while preserving the unique voice of 
the experienced and knowledgeable contributing author. In addition, this 
manual will serve as a useful reference for pediatric surgeons, pediatric urol-
ogists, general surgeons, and gynecologists. ESPES Manual of Pediatric 
Minimally Invasive Surgery is also specially designed to be used by surgical 
residents in pediatric surgery and urology rotation and chief residents who 
have chosen to obtain further specialized training in a pediatric surgery fel-
lowship program.

This ESPES Manual is concise and easy to read, containing detailed and 
relevant information that can help you in taking care of the patient in your 
surgical practice using the more advanced MIS techniques. To cover all the 
aspects of minimally invasive surgery from the basis of MIS to the more 
advanced procedure as robotics or fetal surgery, the manual is divided into six 
parts: basics, chest, abdomen, urology, gynecology, and miscellanea.

The chapters give advice about room setup, patient positioning, as well as 
step-by-step descriptions of how each surgical procedure should be per-
formed, including all technical aspects of the procedure, complications, and 
tip and tricks.

Preface
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We are very impressed by the material present in this manual, and we are 
sure that the concepts outlined, if followed by the reader, will add to the value 
of minimally invasive care that we provide to our pediatric patients.

Enjoy this lecture and remember minimal incision, easy decision.

Naples, Italy Ciro Esposito 
Strasbourg, France  François Becmeur 
Brussels, Belgium  Henri Steyaert 
Luzern, Switzerland  Philipp Szavay 
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Equipment and Instruments

Raimundo Beltrà Picó

1.1  Introduction

Today, minimally invasive surgery (MIS) in pae-
diatrics (MIPES: minimally invasive paediatric 
endoscopic surgery) is a consolidated and univer-
sally accepted surgical tool of indispensable use 
in our daily work.

The great, successful progress that this disci-
pline has experienced in the last 20  years has 
been fundamentally due to the:

• Improvement of specialized anaesthetic tech-
niques for paediatric endoscopic surgeries

Incessant achievement of highly sophisticated 
technological equipment and the continuous 
development of instruments designed specifically 
for these surgical techniques [1].

Equipment and instruments are designed to 
allow safe access to the child’s anatomic cavity, 
to get and maintain a good working space, to see 
neatly inside the operating field and to perform 
all conventional manoeuvres in surgical tech-
niques (grasping, dissecting, cutting, suturing, 
haemostasis, tissue sealing, etc.) with the same 
safety and efficacy as in open surgery.

MIPES surgeons must learn the principles and 
technical characteristics of the instruments and 

equipment at their disposal, without always 
depending on their technical team should an 
emergency arrive.

The next section will provide an overview of 
the basic equipment and instruments that should 
be available [2].

1.2  Description

1.2.1  Access: Cannulae and Trocars

Cannulae and trocars are used to pierce the ana-
tomical cavity to enable the placement of tele-
scope and surgical instruments.

Access by puncture with the well-known 
Veress needle (Fig.  1.1), while widely used in 
adult MIS, is generally discouraged in MIPES 
and even banned in many paediatric surgery ser-
vices due to the high risk of damaging underlying 
structures.

The author discourages using this manoeu-
vre—and any other blind manoeuvres—in chil-
dren and strongly recommends performing the 
first access through an open small incision. This 
allows for the safe introduction, under direct 
vision, of the first cannula, always with a blunt 
trocar inside (removable puncheon). By doing 
this, we create the first working port, preventing 
life-threatening complications of vascular or hol-
low viscus perforation [3].R. B. Picó (*) 

Complejo Hospitalario Universitario Insular 
Materno-Infantil, Las Palmas de Gran Canaria, Spain
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Once the first access port is created, we add as 
many working ports as strictly necessary, but lim-
iting its number to the fewest possible.

Under direct vision through the lens placed in 
the first cannula, we can introduce any type of 
cannula with any type of trocar inside it, blunt or 
sharp, controlling at all times the entrance into 
the anatomical cavity, thus preventing accidental 
injuries.

As it happens with many other instruments 
used in MIS, cannulae and trocars are available in 
disposable, non-disposable or partially dispos-
able forms (Fig. 1.1).

1.2.1.1  Disposable
Advantages
 1. Clean, sterile, effective mechanisms
 2. Easy storage, widespread, immediate 

availability
 3. Later reuse in experimental surgery

Disadvantages
 1. Purchase costs
 2. Requires proper waste disposal after use

1.2.1.2  Reusable
Advantages
 1. Allows multiple uses and thus can be amor-

tized, implying a lower cost

Disadvantages
 1. Needs to be cleaned, sterilized and packed.
 2. Less availability units in stock.
 3. Reliability decreases with each use.

1.2.1.3  Size
Diameter
• 2 mm
 The 2  mm instruments are fragile and bend 

easily, and grasping them firmly is difficult. Its 

use is quite limited and has few and very 
selected indications.

• 3.3 mm
 It is highly recommended in MIPES and its 

use is very widespread. There is a large choice 
of 3  mm instruments, both disposable and 
reusable. They are technically very reliable 
and allow performing in children most of the 
endo-surgical operations with complete safety. 
Handling of tissues is very delicate, and the 
scars left are aesthetically very satisfactory.

On the other hand, vision with a 3 mm lens 
is not as accurate as with a 5 mm lens. Therefore, 
on many occasions it is more convenient to 
combine 3.3 mm cannulae with 6 mm ones.

• 6 mm
 Most 5-mm-diameter surgical instruments and 

accessories can be found nowadays.
• 11–12–15 mm
 They are sometimes necessary because some 

instruments such as staplers and retrieval bags 
are not available yet in a 5-mm-diameter size.

Length
• Cannulae of 60, 75, 100 and 110  mm are 

available.

The chosen length depends on the thickness of 
the wall of the child’s anatomical cavity. It is advis-
able to insert the sheath as little as possible, so it 
occupies less space in an already limited working 
field, therefore allowing for a better instrumental 
manoeuvrability without interference.

1.2.1.4  “Luer” Lock Adapter
There are cannulae with and without an adapter 
to connect to the source of gas insufflation. 
There are also cannulae with a stopcock or with 
a rubber stopper that occludes the “luer” 
connection.

Fig. 1.1 Cannulae. From left to right: reusable. Disposable. Thoracoscopic
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The heads of the cannulae that do not have a 
connector for the gas are less bulky than those 
that have it. Therefore, combining cannulae of 
both types helps to reduce the space occupied by 
them on the surface of the child.

1.2.1.5  Valve
There are cannulae with and without a valve to 
prevent gas leakages when the instrument is not 
inside the cavity. The valve should be easy to 
open for the removal of tissue samples.

1.2.1.6  Trocar
There are several types of awl tips:

• Sharp pyramidal. Very traumatic. Leakage of 
gas occurs easily.

• Sharp conical. Less traumatic as it dilates the 
tissues.

• Eccentric. Makes a slit-like hole and requires 
less force for insertion.

• Blunt conical. Ideal when a cannula is inserted 
using an open technique.

• With a small blade of a knife at the end of the 
trocar, which retracts as soon as the piercing 
resistance is lost.

1.2.1.7  Cannula Fixation
Dislodgment of cannulae due to the thinness of 
the child’s body wall happens very often and 
becomes a great problem in MIPES.

Some cannulae have a screw-like structure on 
the outer surface. After a long operating time, 
they are not very effective and can often enlarge 
the diameter of the porthole.

There is a disposable cannula with an inflat-
able balloon at its end and a synthetic plate at the 
outside to be compressed against the wall. The 
disadvantage is that the part of the cannula inside 
the abdominal cavity is rather long, thereby limit-
ing the working space.

A simple and useful way to fix the cannulae is 
to place a ring made from a silicone catheter, 
which fits well but can slide on its surface. It 
should be placed at the precise distance that we 
want the cannula to enter the cavity and should be 
fixed to the body wall with a suture, which can 
also be passed around the stopcock.

There is a type of cannula called Step™, avail-
able in 3–6–10–12 mm and in different lengths, 
which includes the cannula (with valve and stop-
cock), a blunt puncheon, a Veress needle with a 
length according to that of the cannula and a 
sheath formed by a mesh with 2–3 mm of outer 
diameter.

The mesh can be inserted through the first 
hole in its “open” mode or over the Veress needle 
in the next ports and under direct vision. Once the 
sheath is inside, the Veress needle is then removed 
leaving the sleeve in place. The cannula with the 
awl is then inserted through the sleeve, thereby 
radially dilating the sheath and stretching the ori-
fice without tearing it.

Its advantages are:

• The tip of the cannula and trocar are protected 
by the mesh and don’t damage the anatomical 
structures.

• The distended mesh adapts very well to the 
hole, providing a firm fixation.

• Cannulae of higher calibre can be introduced 
through the mesh, enlarging only the skin inci-
sion by a few millimetres.

1.2.1.8  Single Incision Laparoscopic 
Surgery (SILS)

For this MIPES modality, there are devices that 
consist of two rings, external and internal, con-
nected to each other with a membrane in the 
shape of an hourglass. These devices can accom-
modate 3–4 ports and have a lateral connection 
for gas input. The device is normally inserted 
through the umbilicus [4] (Fig. 1.2).

1.2.2  Working Space: Insufflator

Both in the thorax and in the abdomen, the best 
way to get a good working space is through the 
insufflation of carbon dioxide (CO2), the most 
commonly used gas.

CO2 has the advantage of being rapidly 
absorbed by blood, is non-toxic and cost- effective 
and can be used with cautery.

Although in the thorax the simple entry of air 
through the cannula with the open stopcock 
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 collapses the lung, the positive pressure of the 
patient’s ventilation reverses the collapse. 
Therefore, the working space is compromised, 
not allowing a comfortable and safe surgery.

Sufficient space in the chest can be created by 
inducing a pneumothorax with 3–6 mmHg CO2 
pressure.

In the abdominal cavity, a good working space 
can be created using a pressure of maximum 
8–10 mmHg and lower in small babies.

The main risks that appear when insufflating 
children’s anatomical cavities with CO2 arise 
from its high pressure and a maintained high flow 
[5, 6]:

• Negative effects on systemic and local hemo-
dynamic, lung compliance and intracranial 
pressure (decreases venous return and cardiac 
output, increases heart rate, mean arterial 
pressure and systemic and pulmonary vascu-
lar resistance).

• A high flow rate when the pneumoperitoneum 
is created with the first cannula produces a 
sudden reduction of the venous return and 
compromises the adaptation of the cardiovas-
cular system. Therefore, it is recommended 
using less than 1 L/min at the beginning.

• More than 2 L/min increases the tension of the 
diaphragm and produces scapular pain.

• High consumption of CO2 causes hypothermia.

The safety of the procedures depends on the 
quality of the insufflator. The surgeon must know 

well the characteristics of the insufflator before 
deciding which one to choose.

Recommended features:

• Automatic exsufflation valve in case of exces-
sive pressure. External, to avoid cross- 
contamination.

• Safety maximum pressure adjustment with 
sound alarm.

• Automatic flow rate management according to 
leakages.

• Insufflation rate from 1 L/min.
• Current pressure, flow rates, volume and CO2 

remaining level of tank permanently displayed 
on screen.

• The gas used must be preheated and humidi-
fied under sterile conditions.

• Disposable filter between insufflator and ster-
ile tube system towards the patient.

1.2.3  Visualization: Imaging System 
(Telescopes, Light Source, 
Cables, Camera Control Unit, 
Monitors, Video Recorder)

1.2.3.1  Telescopes
The telescope itself consists of an outer ring of 
optical fibres used to transmit light into the body 
and an inner distal-mounted core of rod lenses 
through which the images are relayed back to the 
camera where they get magnified for the surgeon. 
Different types of laparoscopes are available, 

Fig. 1.2 SILS devices
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 different in terms of overall length, number of 
rods, diameter and angle of view.

Rigid telescopes are available in 2–3–5–10–
12 mm with an ending angulation varying from 
0° to 70°. The quality of visualization and light 
transmission of the telescope are inversely related 
to its diameter. 5 mm size is the most common 
choice in paediatrics. The author recommends 
starting MIPES with 5-mm-diameter telescopes 
and instruments of the same width. After gaining 
additional experience, the surgeon can decide 
whether smaller telescopes give them sufficient 
vision.

Regarding the angulation, it is advisable to use 
30° telescopes for most operations because 
angled tips allow looking behind structures, 
around corners or below the surface of the 
abdominal wall.

There are new-generation rigid telescopes that 
enable three-dimensional (3D) procedures in 
conjunction with a 3D and high-definition (HD) 
camera.

5–10  mm HD telescopes with a flexible tip 
containing the chip are nowadays available.

To perform certain surgeries through a single 
port, there is the possibility of using a 10 mm, 0° 
operative laparoscope with a 6  mm working 
channel.

During surgery, fog, blood, saline or other 
materials can frequently obscure the scope lens. 
Various devices have been developed to solve this 
problem, including lens flushing systems, 
mechanical wipers, continuously flowing jets of 
air and mechanically spooled reels of transparent 
tape. A good alternative approach involves the 
use of a stainless steel shaker (sterilizable) with 
wet and warm gauze in the bottom with which 
one can effectively clean the tip of the telescope 
without damaging it. Angled lenses can also 
become dirty quicker due to increased contact 
with the intra-abdominal organs.

1.2.3.2  Light Source
Light may be the essence of endoscopic imaging, 
and it is the starting point of the imaging chain. 
HD endoscopy generally relies heavily on surgi-
cal light sources. Because HD cameras have 

lower sensitivity due to smaller pixel size, a pow-
erful 300 W Xenon light source is frequently rec-
ommended. The light source should be set at 
maximum capacity in its non-automatic mode as 
modern cameras have a fast and automatic shut-
ter built in. These HD cameras make use of the 
luminance signal derived from the video output 
to determine if the image is overexposed and 
adjust the intensity of the light source 
accordingly.

Ideal performance characteristics of the light-
ing system:

• Optimum intensity must adequately illumi-
nate the operative field.

• Must ensure true-colour properties and bril-
liant image presentation.

• Sufficient brightness and contrast to discrimi-
nate healthy tissue from suspect ones that 
require treatment.

It should be noted that cold light does not 
exist. The temperature at the end of the light 
cable rises up to 225 °C within seconds and at the 
end of the telescope up to 95 °C within 15 min. A 
heat filter to reduce the amount of infrared light 
transmitted to the laparoscope is therefore 
required. The cable should therefore always be 
attached to the telescope, and one should never 
wipe the lens clean against surrounding tissues.

1.2.3.3  Cables

Light Cables
It is important to have good quality light cables 
adapted to the telescope that is being used, as the 
cables will provide the amount of light needed to 
illuminate the entire abdomen through a very 
small opening. The thickness of the cable should 
match the thickness of the light inlet of the tele-
scope. Thick cables will not produce more light 
but more heat, while thin cables will not transport 
enough light.

A condensing lens is used to concentrate light 
from the bulb down into a narrow beam at the 
cable input, where it is transmitted to the laparo-
scope via a gel or fibre cable.
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• Gel cables consist of a metal sheath filled with 
liquid crystal gel, terminated at each end with 
a quartz crystal.

• Fibre-optic cables are formed from tightly 
packed bundles of optical fibre, surrounded 
by several layers of protective flexible 
sheathing.

Both types of cable offer very high levels of 
light transmission but are somewhat fragile, and 
while gel cables can provide superior results in 
terms of brightness and colour temperature, they 
are also more prone to breaking due to the rigid-
ity of the outer metal sheath.

Video Cables
Video cables have a great importance in video 
system of MIPES. They carry digital image data 
between the camera head, camera control unit 
(CCU), monitor(s) and recording devices.

The introduction of optical fibre provides an 
optimum cable solution as it has sufficient band-
width for transmitting HD signals over long dis-
tances. This offers the opportunity to transmit 
other HD signals from imaging sources in a pic-
ture archiving and communication system 
(PACS).

An optical fibre for HD signal transmission 
can also be necessary for the development of HD 
imaging technology into integrated operating 
room systems.

1.2.3.4  Camera Unit

Camera Head
The camera consists of a lens, a prism and three 
sensors for acquiring the primary colours of the 
image. Some camera heads also incorporate an 
optical zoom for adjusting the image size (mag-
nification). Due to better image performance, tri-
ple chip cameras have been generally accepted as 
the industry standard for endoscopic surgery. The 
primary advantage is the fact that colour repro-
duction is much more natural.

Image quality, however, will depend on the 
camera acquisition standard that’s been put on a 
given system. Nowadays, we are moving from 
standard definition (SD) to HD video formats.

• Typical SD formats offer a 4:3 aspect ratio in 
640 × 480 pixels image resolution.

• The 1080 HD format provides a 16:9 aspect 
ratio and 1920 × 1080 resolution. The speed at 
which the camera captures the images is 
expressed in frames per second (fps). In lapa-
roscopic operations for HD endoscopy, 
1080p60 (1080p at 60 fps) may be the highest 
standard readily available for acquiring and 
displaying images, and it offers a superior 
viewing experience for surgeons.

Instead of circular images created by SD 
video camera lenses, with HD cameras sur-
geons can operate watching a monitor with 
full-screen images, as if they were watching 
movies, shows or sports events on a modern 
HD TV set. Wide-screen image acquisition 
increases the horizontal field of view (pan-
oramic image) and decreases the vertical field 
of view. With laparoscopic instruments pri-
marily entering the concept of view laterally, 
wide-screen 16:9 aspect ratios seem advanta-
geous. Another positive effect is the fact that 
a telescope positioned further away from the 
site of surgical interaction catches less debris 
and smoke on the front window, improving 
image quality.

The quality of the cameras has been greatly 
improved over the years. Instead of a single chip 
that contains sensors for red, green and blue light 
embedded on a single silicon chip called a 
charge-coupled device (CCD), triple chip designs 
use a prism located in the camera head unit to 
split the incoming image into its red, green and 
blue components and direct those beams of light 
into three separate CCD chips. The resulting 
image can offer superior quality in terms of 
colour definition and clarity, but triple chip cam-
eras are more expensive and heavier than single 
chip versions. Weight is a significant factor as the 
camera is typically mounted directly on top of the 
scope, so a heavier camera can make the instru-
ment more difficult to manoeuvre.

The camera is attached via a rotating coupler, 
allowing the scope to be turned independently 
during use. This requires the camera to be held in 
the correct orientation throughout the procedure.
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Lastly, a short mention about robotic 3D sys-
tems (discussed in more detail in Chap. 10). 
These systems use a pair of cameras and two dif-
ferent lenses working almost in parallel, but with 
a slight difference, to capture a stereoscopic 
image. Ocular disparity is the difference between 
the position between the left and the right eye in 
the human vision.

Camera Control Unit
The CCU connects various elements of the HD 
imaging chain, capturing and processing video 
signals from the camera head for display about 
the monitor, as well as for transfer to existing 
recording and printing devices.

The HD CCU must offer flexible output 
choices to ensure that the unit can continue to be 
used with HD equipment. The CCU should be 
able to accommodate both SD and HD inputs, 
and, conversely, it will have two digital video 
outputs:

• Digital video interface for the HD signal
• Serial digital interface for the SD signal

1.2.3.5  Monitors
The author recommends 26″ HD flat-panel moni-
tors displaying images acquired in 16:9 format. 
Images in these characteristics enable surgeons 
to experience a more natural, panoramic vision, 
and, perhaps more importantly, visualization is 
much more in tune with human anatomy.

Our horizontal field of view is wider than our 
vertical field of view. Therefore, it is more natural 
and less fatiguing during procedures. Additionally, 
while we are viewing full-screen endoscopic 
images, trocars and hand instruments that nor-
mally approach the surgical area laterally are vis-
ible earlier with a 16:9 monitor than with 4:3 or 
5:4 monitors.

1.2.3.6  Video Recorders
There is little doubt that with time all surgical 
operations recordings will have to be stored for a 
defined period of time as part of the patient’s 
electronic chart.

Recording will also enable its use for study-
ing, teaching and training of younger surgeons.

Normally, the recordings of endoscopic sur-
geries are made digitally on the hard disk of a 
computer. From there they can be organized for 
studying, reviewing or exhibiting.

Images can also be routed to a mounted screen, 
as it happens with 3D systems. In addition, video 
output can also be recorded and even viewed 
remotely through a live web stream, opening a 
range of opportunities in terms of remote and col-
laborative work.

At present, the trend in hospitals is to use 
modern and sophisticated systems that allow 
jointly storing data from different hospital units 
(recording of surgical interventions, electronic 
imaging studies). It is also possible to store non-
image data, such as scanned documents that may 
be incorporated using standard formats like PDF.

Known as picture archiving and communica-
tion system (PACS), this medical imaging tech-
nology provides economic storage and convenient 
access to images from multiple modalities 
(source machine types). The universal format for 
PACS image storage and transfer is DICOM 
(Digital Imaging and Communications in 
Medicine).

A PACS consists of four major components:

• Imaging modalities such as X-ray plain films, 
ultrasound studies, computed tomography or 
magnetic resonance imaging

• Secured network for the transmission of 
patient information

• Workstation for interpreting and reviewing 
images

• Archives for the storage and retrieval of 
images and reports

Combined with available and emerging web 
technology, PACS has the ability to deliver timely 
and efficient access to images, interpretations and 
related data. PACS reduces the physical and time 
barriers associated with traditional film-based 
image retrieval, distribution and display.

1.2.3.7  What Will the Immediate Future 
Offer to Is?

Newer developments in laparoscopic technolo-
gies include virtual reality (VR) and augmented 
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reality (AR) systems. VR systems rely solely on 
computer-generated images, while an AR system 
provides the surgeon with computer-processed 
imaging data in real time via dedicated hardware 
and software. The projection of AR is made pos-
sible by using displays, projectors, cameras, 
trackers or other specialized equipment. In AR 
systems, images of the patient, captured using 
X-ray, volumetric computerized tomography 
(CT) or other types of medical imaging tech-
nique, are overlaid onto the live feed from stereo-
scopic surgical cameras to create an enhanced 3D 
image that the surgeon can refer to during a pro-
cedure without the need to look away from the 
operating site. Although the technique has been 
used successfully in neurosurgery for a number 
of years, live AR laparoscopy is still in its infancy. 
However, both AR and VR systems have been 
used successfully in laparoscopic training 
 applications [7].

1.2.4  Surgical Manipulation:  
Basic Working Instruments

1.2.4.1  Suction and Irrigation
The surgeon’s vision during an endoscopic sur-
gery can be hindered due to bleeding or smoke 
coming from ablation and resection procedures. 
Since blood absorbs light, even in areas far from 
the direct area that is being operated on, blood 
has to be removed to provide a clean visibility on 
the endoscopic monitor.

Moreover, biological debris that may remain 
after a surgery can lead to threatening sepsis com-
plications in patients. Surgical suction pumps are 
also used to extract tissue and leakage of organic 
fluids and to irrigate water to wash the area.

Irrigation is also very important in endoscopic 
surgery for general washing, mechanical debride-
ment of tissues and rupture of clots. However, it 
is advisable to try to avoid an abusive use of irri-
gation because once the operative field has 
become thoroughly wet, it is difficult to dry it 
again and this interferes with vision and dissec-
tion. This device can help surgeons to seek bleed-
ing points (haemorrhage) by irrigating and 
sucking normal saline.

As an irrigation fluid, usually NaCl 0.9% is 
used. It must be sterile, preheated and kept warm.

Suction-irrigation pumps are available in one 
single device. They come in 3- and 5-mm- 
diameter and different lengths. They can be dis-
posable o reusable.

Endoscopic suctioning instruments are rela-
tively small, as they have to fit in the cannulae, 
yet they should be able to remove blood clots. 
The aspirating instrument therefore should have 
the largest possible opening at its end. Larger 
blood clots have to be mechanically fragmented 
before they can be aspirated. This means that the 
aspiration force should be quite high, but this 
will interfere with the working space by con-
comitant removal of the insufflated gas. High 
aspiration pressures will also result in aspiration 
of the surrounding tissues, thereby blocking the 
suction opening. This can be prevented to a cer-
tain extent by using short bursts of suction or by 
using a suction apparatus that has an automatic 
interrupter. The suction force should be easily 
adjustable.

There should be a control panel indicating:

• Suction pressure
• Rest volume of the suction bottle
• Irrigation pressure
• Rest volume of the irrigation bottle
• Temperature of the irrigation fluid

1.2.4.2  Retraction
Retractors used in adult MIS are not ideally suit-
able for MIPES due to their size once they are 
deployed within the anatomical cavity. As endo-
scopic retractors are not always within the view-
ing field, they can easily damage the surrounding 
tissues, particularly the liver and spleen.

The most popular is the one that opens like a 
fan, although its blades can be quite dangerous.

There is another less dangerous retractor, 
articulate and flexible, in the shape of a snake. Its 
main disadvantage is that a lot of its length has to 
be introduced in order to shape it properly and it 
thus takes up a lot of space.

The use of endoscopic swabs is usually useful 
and quite harmless to separate or move anatomi-
cal elements.
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Sometimes an endoscopic grasping forceps 
can be used as a retractor. In anti- gastroesophageal 
reflux surgery, for example, the left lobe of the 
liver can be kept out of the way by inserting a 
grasping forceps through a cannula high in the 
epigastrium underneath the left lobe of the liver 
and grasping the most anterior part of the hiatus.

There are available internal magnetic graspers 
[DMG] (IMANLAP, Buenos Aires, Argentina) 
that grasp an intra-abdominal organ (gallbladder, 
appendix, gut) and, controlled by powerful exter-
nal magnets, supply the necessary retraction/
counter traction force to mobilize the organ. It 
can freely cruise the abdominal cavity according 
to the surgeon’s need [8] (Fig. 1.3).

1.2.4.3  Surgical Tools: Dissect, Grasp, 
Hold, Cut, Suture

The MIS instruments are composed of a handle, 
the shaft and the specific work tip.

There are disposable and reusable instru-
ments, usually high quality stainless steel made. 
The fundamental advantage of reusable models is 
their economic amortization with repeated uses. 
On the other hand, its main disadvantage is the 
difficulty to ensure adequate cleaning and steril-
ization since they could be a serious source of 
contamination and infections. Moreover, open-
ing-closing mechanisms and scissors blades 
sharpness deteriorate with repeated uses and 
therefore lose their maximum effectiveness.

a

b

c

Fig. 1.3 (a) Dominguez magnetic graspers (DMG). (b) Thomas forceps are used to open the jaws of the DMG. 
(c) External magnet mounted on self-retaining retractor (By permission of Dr. M. Martinez Ferro)
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There are different lengths, being the most 
appropriate in MIPES 24 cm and in older chil-
dren 36. The two most used diameters in child-
hood are 3 and 5 mm.

There are many different handles, with the 
permanent idea of getting the best shape as pos-
sible for ergonomic rotating, grasping and lock-
ing abilities in a precise fashion. They are 
available with free opening mode or with an auto-
matic ratchet that keeps them locked.

There are a wide variety of instrument tips 
available for multiple purposes, although not all 
have the same utility in terms of frequency and 
effectiveness. The following are the ones I con-
sider the most commonly used:

 1. Dissecting and grasping forceps
• Kelly dissector
• Maryland dissector

 2. Grasping and holding forceps
In MIPES, the use of atraumatic forceps is 
normally recommended. Traumatic clamps 
are limited to strong anatomic grasp, such as 
the diaphragm.

To manipulate more delicate organs, such 
as exploring the intestine running through it, it 
is more appropriate to use a forceps with a 
broader atraumatic end.

When forceps have to hold tissues for a 
longer period of time, it is advisable to use a 
handle with a ratchet in order to secure the 
holding grip.
• Babcock
• DeBakey
• Standard

 3. Scissors
• Metzenbaum
• Hook scissors (useful for cutting sutures 

and ligatures)
 4. Needle holder

Needle holders are usually made out of stain-
less steel and have straight axial designs that 

place the needle directly in line with the sur-
geon’s hand to allow greater manoeuvrability 
and a more natural motion of the wrist when 
suturing. Various designs are available, but 
generally the jaws of the instrument are oper-
ated by means of an ergonomic spring- loaded 
palm grip on the handle. The grip is squeezed 
to open the jaws and released to close them. 
The needle is secured firmly in the jaws of the 
instrument by means of a ratcheted locking 
mechanism located in the handle.

Needle driver jaws fall into one of four 
main categories: straight, curved left, curved 
right and self-righting.

 5. Knot Pusher
Normally, ligatures and tissue sutures are per-
formed intracorporeally. In certain situations, 
for example, in the case of sutures with exces-
sive tension, it may be advisable to externally 
make a self-slip Roeder knot or push a double 
knot inside until it is securely adjusted by 
means of a knot pusher.

1.2.4.4  Haemostasis: Clips, Staplers, 
Energy Sources

Clips
Clips are fast and effective for small- and 
medium-calibre vessels and for other small struc-
tures (cystic duct) (Fig. 1.4).

• Titanium [9]
 – 5 or 10 mm
 – Reusable one by one manual-pressure 

applier
 – Automatic single use device with multi- 

clip charges
• Non-absorbable polymer (Hem-o-lock™) [10]

 – Reusable one by one manual-pressure 
applier.

 – They are considered safer for larger 
vessels.

Fig. 1.4 Clips. From left to right: titanium, Hem-o-lock™ and Lapro-Clip™
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• Absorbable dual-layer clip lock mechanism 
(Lapro-Clip™) [11]

 – Polygluconate inner track and polyglycolic 
acid outer track

 – Degrades via hydrolysis in 180 days (inner) 
and 90 (outer)

The last two are inert, nonconductive and radio-
lucent. They do not interfere with CT, magnetic 
resonance images (MRI) or X-ray diagnostics.

Staples
Staplers are safer in cases of much larger vessels 
such as splenic or renal artery/vein. They are also 
used for resecting the intestine and before per-
forming an anastomosis. There are even specific 
staplers for end-to-end circular intestine anasto-
mosis available (Fig. 1.5).

Staples cartridge lengths can be of 30, 35, 45 and 
60 mm. The most important factor in staples is the 
height of the closed staple, because it must be able to 
contain the relevant tissue when closed. Each height 
adapts to the different tissues, such as the mesentery, 
which requires smaller staples, and vessels or gastro-
intestinal tissues, which require larger staples.

There are many different, but similar, endo- 
linear mechanical suture devices available. The 
devices can be found in 5 and 10 mm diameters. 
All of them have an external rotation mechanism 
that facilitates their placement, and some of them 
are also articulated at the end of the suture.

Energy Sources [12, 13]

Monopolar High-Frequency Electro-Surgery 
(MHFE)
It can be used both to dissect tissues and to coag-
ulate small vessels at the same time. Therefore, it 
is a very efficient and used instrument.

Various monopolar ends are available. In the 
author’s experience, the 90° hook end is the most 
frequently used and is a good one as it allows for 
good vision even when the manipulation angle is 
small.

Warning
• If too high energy is delivered, it could cause 

faster cutting before coagulation is achieved.
• Insulation failure can cause collateral 

damage.
• Electrical over-scattering can cause distant 

electrical injuries.

Bipolar High-Frequency Electro-Surgery 
(BHFE)
The passive electrode and the active electrode are 
both located in each of the branches of the for-
ceps. It coagulates only between the two branches 
of the instrument, minimizing electrical damage 
and other potential hazards of MHFE mentioned 
above. It has the disadvantage of being a non- 
cutting instrument, which means that after coagu-
lation, another instrument has to be used for 
cutting.

Advanced Alternative Energy Sources
The need for meticulous haemostasis and the 
tedium of vessel ligation in advanced cases has 
propelled the development of new energy source 
devices that have proved to be remarkably help-
ful in MIPES. However, surgeons do not always 
agree with the choice of the device that would be 
optimal for a particular procedure.

• Ultrasonic energy (Harmonic® shears and 
scalpel; Sonosurg) [14]
The high-frequency vibration of tissue mole-
cules produces stress and friction in the tissue, 

Fig. 1.5 Left: linear cutter-stapler. Right: circular stapler
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which in turn generates heat and causes pro-
tein denaturation. Thus, coagulation and after-
wards cutting are obtained.

• Electrical system with feedback (LigaSure™; 
EnSeal®)
A low voltage is generated between the two 
branches of the instrument, which in turn is 
connected to a computerized system that mea-
sures the impedance of the tissue. The coagu-
lation is produced by fusion of the collagen 
and elastin fibres (Fig. 1.6).

• Argon plasma coagulation
It uses high-frequency electric current and 
ionized gas argon. The application of electric 
current on the gas releases a huge amount of 
heat resulting in a haemostatic jet. Its use is 
not too popularized and widespread.

1.2.4.5  Specimen Retrieval Bags
It is highly recommended to take anatomic speci-
mens out of the body in an isolating bag in cases of:

• Infected tissue, to prevent contact with the 
body wall or in case of rupture during the 
manipulation, or gross contamination of the 
cavity

• Implantation of malignant cells in the port ori-
fice or spilling of malignant or not malignant 
cells (splenic cells) inside the corporal cavity 
that may be hazardous

Currently marketed specimen retrieval bags 
can be found in diameters that range from 10 to 
15  mm, with different capacity volumes and in 
their opening and closing technique [15].

1.3  Conclusion

There is generalized consensus that MIPES rep-
resents the recommended techniques for the 
majority of pathologies requiring surgical treat-
ment, those settle in the abdominal, thoracic or 
retroperitoneal cavities.

Numerous breakthroughs in the design of 
instruments and advanced, highly sophisticated 
equipment make it essential for paediatric sur-
geons who want to advance safely in this field of 
surgery to know in detail the characteristics of the 
multiple devices and instruments that exist. In 
addition, surgeons should continuously learn 
about improvements and innovations of the most 
advanced endo-surgical techniques. That also 
requires being up-to-date on the continuous 
appearance of new products that outperform the 
previous ones.

The endoscopic surgeon should select a lim-
ited number of instruments to compose a stan-
dardized set. We cannot improvise or experiment 
during a surgery with the life or health of a child. 
From the first surgical use, we must already know 
perfectly the characteristics, proper use and, 
above all, possible risks or dangers derived from 
an inappropriate use or eventual collateral effect.
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Ergonomics in Minimally  
Invasive Surgery

Zacharias Zachariou

2.1  Introduction

Ergonomics is the science that studies human 
actions during labor. Results of ergonomic stud-
ies lead to the adaptation of the worker’s environ-
ment by improving the work place, the equipment, 
and associated training programs. In minimally 
invasive surgery (MIS), ergonomics apply to the 
development of improved operational instru-
ments, of optics with higher resolution, of the 
operating room (OR) environment, as well as of 
the surgeon’s posture and workload [1, 2]. The 
number of MIS procedures is constantly increas-
ing, and it is even expected that it will prevail 
open surgery. Although the clinical benefits of 
this technology are becoming more evident, the 
risk factors for the surgeon and her/his perfor-
mance and the incidence of physical fatigue as 
well as the economic outcomes are still not com-
pletely clarified [3].

Since the introduction of MIS almost 30 years 
ago, this technique underwent advancements 
including improvement in instrument develop-
ment as well as the resolution of cameras and 
monitors. Despite these significant advancements 
in MIS technology, ergonomics are still a big 
challenge, especially in conventional MIS, with a 
main issue remaining the disassociation between 

the visual and the working field. The lack of fix-
ing tissues and the limited tactile sensations 
aggravate the working conditions. The strain on 
the surgeon due to operation theatre arrange-
ments, instrument structure, operating table 
height, monitor position, etc. has a significant 
effect on the outcome of MIS in general. In addi-
tion, the evaluation of stress and strain to sur-
geons during MIS procedures is still technically 
very challenging. It is thus important that the 
awareness about these ergonomic challenges that 
MIS surgeons are facing today are addressed 
properly and serve as a basis before the actual 
training of the surgical procedures.

2.2  Operating Room  
and Its Components

The work in the OR has fundamentally changed 
since the development of MIS, and it is obvious 
that ergonomics had to be redefined in order to 
meet the requirements of this new technology. 
Lifting all equipment from the floor improves the 
functionality of the OR complex and minimizes 
occupational safety and health (OSH) risks as the 
movement of equipment towers is reduced and 
the floor is clear of cables and cords (Fig. 2.1). 
Additionally, the user controls all systems used 
from a central location within the sterile area 
reducing unnecessary movements in the OR.
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During MIS procedures additional complex 
devices and complicated interfaces are placed in 
the OR between the patient, the surgeon, and the 
operation nurse. Appropriate ergonomics in the 
OR may increase safety, efficiency as well as 
comfort of the operating team, and by conse-
quence the clinical outcome of the patient [1]. 
This can be achieved if the workplace organiza-
tion ensures that every individual member of the 
surgical team has appropriate space and access to 
all equipment as the lack of balance in this respect 
leads inevitably to work overloads and injuries.

It is of utmost importance that the following 
considerations have to be taken into account 
when using the MIS equipment before and dur-
ing surgical procedures:

• Operating table
The operating table has to allow inclinations 
in the longitudinal as well as horizontal planes 
and enable tilts to the left and right. It should 
also enable kinking of the body on the level of 
the pelvis. The height of the operating table is 
essential and has to be adapted to the sur-
geon’s individual height and position (stand-

ing or sitting). A table that is too high forces 
the surgeon to apply considerably more con-
traction of the body muscles in order to raise 
and hold the shoulders and elbows to compen-
sate the high table. This can be tolerated for a 
short time, but if this position is maintained, it 
leads quickly to shoulder muscle fatigue.

The table height that offers comfortable 
working conditions (about 64–77  cm above 
floor level) is when the MIS instrument han-
dles are slightly below the level of the sur-
geon’s elbows keeping the shoulders in a 
neutral position and the angle between the 
lower and upper arm during surgery is between 
90° and 120° [4, 5] (Fig. 2.2).

• Monitor
The monitor is the main visual contact 
between the patient and surgeon as the surgi-
cal scenarios are transmitted by this monitor. 
It is essential that the monitor is adjusted in its 
position already prior to surgery to avoid 
undesirable postures of the surgeon and the 
team in the whole for a long period of time. 
The monitor should be placed in such a man-
ner that in the horizontal plane, it is in line 

Fig. 2.1 Integrated operating room OR1™, KARL STORZ
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with the surgeon and the forearm–instrument 
motor axis. In the sagittal plain, the monitor 
should be about 15° downward than the sur-
geon’s eye level to ensure comfortable view-
ing, avoiding neck extension. The distance 
between the surgeon and monitor is highly 
dependent on monitor size, and it should be 
far enough to prevent extensive eye accommo-
dation as well as extreme contraction of the 
extraocular muscles. It should be, however, 
close enough to avoid staring, resulting in loss 
of detail [6, 7]. An additional monitor near the 
operative field could offer additional benefits 
specially to accomplish precision tasks by 
improving hand–eye coordination [2, 7].

• Foot pedals
Equipment like electrocauters, ultrasonic 
shears, laser, or other tissue welding/dividing 
instruments commonly need foot pedals to 
activate the instruments used during MIS. The 
lack of visual contact to the pedal results in an 
unbalanced position of the surgeon making 
the situation more difficult especially if more 
than one pedal is in use. The best solution is to 
replace them with hand controls. If not possi-
ble the pedals should be placed near the foot 
aligned in the same direction as the instrument 
in use and the monitor, thus enabling the sur-
geon to activate the device without twisting 
the body or leg. Pedals with a built-in footrest 
should be preferred.

• Theatre lighting
In order to increase the contrast on the moni-
tor, the lights in the OR are only dimmed and 
not completely switched off as working even 
in relative darkness may have a negative 
impact on the appropriate choice of similar 
instruments and safe handling of needles and 
scalpels as well and increase the risk of 
collision.

2.3  Patient Position

The position of the patient during MIS is usually 
supine with the arms of the patient in a position 
that does not interfere with the visual axis of the 
surgeon. This implies that the arms are tucked 
along the body at least unilaterally. The legs of 
the patients may be spread apart with the thighs 
extended below the pelvis in order to avoid 
instrument clash. Despite the abovementioned 
complex patient position, it is essential to prevent 
any compression of nerves.

2.4  MIS Instruments

The majority of the first-generation MIS instru-
ments was offered by the industry in one standard 
size, which transmitted lower force compared to 
standard instruments, demanding higher muscu-
lar activity and effort from the surgeon to handle 
the tissue [8]. Nowadays most MIS instrument 
development is technology-driven and less 
designed for the physical and emotional comfort 
of the users, potentially leading to a user- 
unfriendly product design. The design of surgical 
instruments influences the performance of MIS 
procedures as it dictates the position of the sur-
geon’s arms, hands, and fingers. Mainly the shape 
of the handle and the tool length are of great sig-
nificance as non-ergonomic designs lead to dis-
comfort and even to paresthesias of the thumb 
[9]. A possible solution for this problem is to use 
powered instruments, similarly used in staplers; 
however these are more expensive. Although 
there are different handle designs, it seems that 
instruments with axial handle lead to a more 

Monitor
15º - 40º visual angle
below line of sight

Instrument handles
at elbow level with
elbow flexion between
90º and 120º

Foot pedal at same
level and in working
direction

Monitor

Table
64-77

cm

Task

Fig. 2.2 Ergonomic position of OR equipment during 
MIS
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ergonomic posture for the wrist compared to a 
ring handle. Different instrument handles influ-
ence the task to be achieved. Pistol-type handles 
enable better performance in tasks that require 
force, while precision-type handles enable tasks 
that require precision [10].

In recent years efforts are made to improve 
and overcome the ergonomic limitations of 
MIS. One essential parameter to achieve this is 
by increasing the instrument’s degrees of free-
dom. New instruments are more of devices with 
precision-driven and articulating instrument tips 
which increase the triangulation, thus improving 
the performance of surgical maneuvers. 
However, this development requires new manual 
skills and complementary knowledge of how to 
use them.

2.5  Trocar Placements

Although trocar placements are currently dic-
tated by the surgeon’s preference based on indi-
vidual experience, defined ergonomic principles 
should be applied when possible. The trocars 
should be placed in triangular fashion as this con-
figuration facilitates smooth instrument manipu-
lation along with adequate visualization. In most 
of the procedures, the optical port should be 
placed about 10  cm from the target organ with 
two working ports on the same 10  cm arc on 
either side of the optical port allowing a working 
space at a 60°–90° angle. If necessary additional 
retracting ports could be placed more laterally to 
the working ports on the same arc (Fig. 2.3).

In certain cases, the target organ is on one side 
so that the optical port comes to lie on one side 
and the working ports on the other side of the tar-
get organ. This is defined as sectorization 
(Fig. 2.4).

Due to the limited length of the instruments, 
trocars have to be positioned in such a way that 
the tip of the instrument can reach the target 
organ without having to put the whole instrument 
in the trocar or sometimes to push the trocar all 
the way in the abdomen. This impairs the move-

ment of the instrument making it less precise as 
well. The angles between the instruments are also 
a factor that, if chosen correctly, increases the 
performance and causes less fatigue for the sur-
geon. The trocars have to be positioned in defined 
distances from body landmarks in order to facili-
tate the optimal ergonomic manipulation, i.e., 
suture and knotting. The suggested positions 

Target Organ

Optical port

Retracting ports

≈ 10 cm

Working ports

Fig. 2.3 Triangulation of the trocars

Working
portsTarget Organ

Optical port

Fig. 2.4 Sectorization of trocars
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within the triangulation principle are indicated in 
Fig. 2.5. Manipulation angles below 45° or above 
75° are accompanied by increased difficulty and 
degraded performance. In addition, the intra-/
extracorporeal (I/E) length ratio of the working 
instruments should be preferably close to 1:1. A 
direct correlation between the manipulation and 
the elevation angle influences ergonomics signifi-
cantly. The optimal elevation angle which yields 
the shortest execution time and optimal quality 
performance is 60° (Fig. 2.6).

2.6  Limited Degree of Freedom

A MIS procedure is performed by the surgeon 
using an instrument through a trocar. The move-
ments of the surgeon’s hand are transmitted 
through the incision point to the tip of the instru-
ment. The degree of freedom (DoF) is defined by 
the potential for movement of the instrument 
either in one direction or around the instrument 
axis. While in open surgery the surgeon is allowed 
to work within the natural six DoFs (Fig. 2.7a), 
MIS instruments possess a motion constraint of 
four DoFs (Fig. 2.7b) [11]:

• 1st DoF—up/down (heave)
• 2nd DoF—rotation around instrument axis 

(roll)
• 3rd DoF—left/right (sway)
• 4th DoF—forward/backward (surge)

The limitation in the DoFs with MIS instru-
ments makes handling of the target organ more 
difficult, which has to be compensated by experi-
ence and full application of ergonomic principles.

2.7  Disconnection of the Visual 
and Motor Axes

A three-dimensional spatial vision field and work 
performed in line with the person’s visual axis 
are the features we naturally adopt during our 

Fig. 2.5 Angles between instruments

I/E length ratio
≈ 1:1

Elevation
angle 60°

Target Organ

Fig. 2.6 Elevation 
angle, intra-/
extracorporeal (I/E) 
length ratio
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actions. In MIS the visual field is reduced to bidi-
mensional vision shown on the screen, causing 
confusion. This loss of the third dimension is 
associated with the loss of depth perception and 
reconstruction of space which is strongly limited 
especially if operating small children. During 
MIS the surgeon’s motor actions are decoupled 
from the visual axis so that the surgeon is not able 
to directly look at the instruments. The hands and 
the surgical field at the same time and has to 
overcome the spatial separation of the axis of 
vision and the axis of the physical procedure by 
combining the two functions into one channeled 
approach. The surgeon has to concentrate more 
during MIS procedures, and this may decrease 
performance, leading to higher rates of error [1].

2.8  Diminished Tactile Feedback

Since childhood, we learn different skills and 
train to “see” not only with our eyes but also with 
our hands. We become competent and reach a 
high level of dexterity by achieving this dual job. 
During MIS procedures, the haptic and tactile 
feedback is conspicuously lacking as the long 
instruments manipulated through the access ports 
reduce the efficiency during the learning curve 
and result in an increased time of dissection [12]. 

However, through experience this tactile feed-
back can be partly regained by learning to “feel” 
using the instrument as an extended hand.

2.9  Hawthorne Effect

Since MIS was introduced, the Hawthorne effect 
was observed. It has been proven that every indi-
vidual applies more caution and performs better 
whenever this individual is under observation of 
other people resulting in an immediate assess-
ment of the performance. This results in a better 
score as compared with a situation where the per-
son is unaware that an assessment is performed. 
This behavior contributes essentially to ergonom-
ics; however, although beneficial for the patient, 
it results in a bias for the evaluation of ergonom-
ics during MIS.

2.10  Body Posture

The specific arrangement of the equipment in the 
OR as the location of the monitor, operating table, 
foot pedals, and the design of surgical instruments 
determines to a large extent the surgeon’s posture 
and the organization of the  surgical team. The 
way surgeons interact not only in the operating 
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Fig. 2.7 Six degrees of freedom (a) vs four degrees (b) during MIS
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field but also regarding their position and move-
ments during MIS has changed radically. While 
during open surgery the surgeon moves the whole 
body in order to get a better view of the target 
organ, during MIS the only possibility to view the 
target organ is the visual contact to the monitor, 
resulting in certain ergonomic inconveniences 
with loss of freedom deriving from the static pos-
ture of the surgeon. Due to the fixed port position, 
which determines defined instruments motion, 
dexterity is limited. The surgeon is in an upright 
position with fewer movements of the torso and 
infrequent weight shifting. This behavior is ergo-
nomically not correct. These limitations affect the 
surgeon’s posture, which during MIS procedures 
is static, maintaining forced and somewhat awk-
ward long- term postures. It has been demon-
strated that muscles and tendons build up lactic 
acid and toxins when keeping the abovemen-
tioned postures. This body deviation from the 
neutral position is associated with increasing 
fatigue over time and increases the risk factor for 
musculoskeletal disorders [13].

The position considered ideal for MIS proce-
dures is when the cervical spine has a slight flexion 
(10°) and the arms are slightly abducted (20°) and 
rotated inward (40°). The elbow should be bent at 
a 90°–120° angle. The torso can be minimally 
rotated, however, less than 5° (Fig. 2.8). The hands 
should grasp the instruments with the wrist slightly 
extended and with the distal interphalangeal joints 
almost extended, and the metacarpophalangeal 
and proximal interphalangeal joints fixed at 30°–
50°. Fingers should be abducted, and the thumb 
should be opposed to the index finger [9, 14].

2.11  Ergonomics in Novel MIS 
Approaches

In order to improve medical outcomes as well as 
aesthetic results, novel MIS procedures have 
been developed. However, these innovative meth-
ods are connected with an increase of technical 
applications that result in new ergonomic 
challenges.

20º Arm abduction
40º Internal rotation< 5º Torso rotation

90º - 120º
Elbow flexion

10º Cervical flexion

Fig. 2.8 Suggested 
surgeon’s posture during 
MIS

2 Ergonomics in Minimally Invasive Surgery



24

• Laparoendoscopic single-site surgery (LESS)
This method leads to a reduction of the num-
ber and size of incisions. However, despite 
that LESS inherits the constraints of conven-
tional laparoscopy, it creates new ergonomic 
restrictions such as reduced triangulation, lack 
of coordination, and external and internal 
instrument clashing [15]. Experienced sur-
geons performing a defined task were evalu-
ated in respect of muscular activity and wrist 
and hand motion in comparison to conven-
tional laparoscopy. Results showed that the 
LESS approach required greater level of mus-
cular activity in the trapezius and forearm 
extensor muscles but better wrist position 
[16]. Generally, LESS is more stressful and 
physically demanding.

• Robotic surgery
In addition to beneficial effects for the 
patient, robotic systems have been propa-
gated as a potential solution to the limited 
ergonomics during conventional MIS through 
enhanced dexterity, maneuverability, stabil-
ity, and accuracy. Surgeons with different 
experience levels in robotic surgery were 
assessed regarding their physical workload 
compared with conventional laparoscopy. 
The physical and cognitive ergonomics with 
robotic assistance were significantly less 
challenging [17]. This could even be con-
firmed in medical students performing 
sutures on porcine specimens [18]. Surgeons 
applying robotic surgery report less frustra-
tion and higher good mood using robotic 
assistance. High expenses, maintenance 
costs, and low case volume seem to be the 
main limitations of robotic surgery [19].

• Single-incision laparoscopic surgery (SILS)
The ergonomics imposed by this approach are 
considerably different from those of multi- 
port MIS. The main issues utilizing this tech-
nique are the narrow angulation of the 
instruments, the instrument crowding, and the 
limited traction/retraction possibilities [20]. A 
modification of the conventional ergonomics 
is mandatory as well as novel instrument 
designs such as handheld manipulators with 
seven DoFs.

Cutting-edge technologies that combine imag-
ing with virtual and/or augmented reality as well 
as simulations could contribute to establish new 
techniques for more and more surgical 
procedures.

2.12  Methods for Ergonomic 
Assessment

Ergonomic assessments are of imminent impor-
tance in order to improve the medical outcome as 
well as the comfort of the surgeon which influ-
ences the medical result. The instruments applied 
for this assessment include:

• Body posture which is accessed with 
photogrammetry.

• 3-D motion tracking that quantifies move-
ments by means of positional data obtained 
from sensors placed on the subject’s body.

• Electrogoniometers are devices which mea-
sure electrical signals induced by flexion or 
rotation. Data gloves are equipped with this 
technology that allows recording movements 
of the fingers and wrist.

• Force platforms are used to analyze the body 
balance during static or dynamic situations.

• Mental workload evaluates the psychological 
burden of surgeons assessed by subjective 
techniques.

• Questionnaires focus on gathering informa-
tion from a population of surgeons on specific 
issues that can identify elements where the 
abovementioned studies have to be performed 
to identify procedures to be improved.

2.13  Conclusion

Despite multiple patient advantages, MIS entails 
a number of ergonomic inconveniences for the 
surgeon. With the number of procedures and sur-
geons performing MIS increasing, it seems that 
the lack of ergonomic guidelines for MIS results 
in musculoskeletal disorders of the surgeon and 
decreasing performance. Despite this fact, addi-
tional costs related to ergonomics during MIS are 
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considered not justified. The progress in ergo-
nomics in MIS is not only dependent on the man-
ufacturers that constantly try to reduce the 
production cost. Governments, reimbursement 
systems, as well as the surgeons themselves 
should be responsible for the development of 
ergonomics in MIS from the innovating idea to 
the final product. MIS provides patients with less 
trauma resulting in rapid recovery, however 
requires that surgeons work under new condi-
tions that might increase complaints of surgeon 
fatigue and discomfort, leading to serious health 
problems. Since the cost-containment pressures 
demand more efficient surgery and MIS requires 
increased technological complexity, ergonomics 
have to be included in development and invest-
ment priorities.

The parameters that influence ergonomics are 
the static surgeon’s posture, the adjustability of 
the operating table, the position of the equipment 
in use, and the design of MIS instruments. An 
ergonomic upgrade would alleviate these adverse 
conditions experienced by surgeons.
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Checklist and Preoperative 
Preparation

Jürgen Schleef, Sara Cherti, and Edoardo Guida

3.1  Introduction

Any kind of procedure can be divided in different 
steps. This is a standard rule for programming 
and performing operative procedures not only in 
surgery. Generally we talk about preoperative, 
intraoperative and post-operative steps. Each step 
has its own characteristics and principles. As in 
any procedural process, a standard approach is 
desirable. To guarantee this standardisation, the 
procedure is defined and divided in different 
steps, and the process needs to be well defined, 
described and reproducible. This reproducibility 
is absolutely necessary for guaranteeing a stan-
dard and gives the basis for any kind of evalua-
tion on complications, outcome and results [1]. 
The basis for the preparation of a reproducible 
procedure is in most cases a checklist. Checklists 
are almost present in any kind of procedure not 
only in medicine. The checklist is the basis for 
guaranteeing the preparation of all single pro-
cesses of a procedure.

This chapter is dealing with the preoperative 
preparations and the checklists used in this phase 
of operative procedures. We have to pay attention 
to different aspects, to a certain timeline, to tech-

nical requirements and to the role of all profes-
sionals involved. This is generally a very complex 
and dynamic situation [2].

3.2  Preoperative Preparation

Preoperative preparation is essential for any kind 
of procedure. These can be divided in different 
steps:

• Preoperative preparation of the OR
• Preoperative preparation of the team
• Preoperative preparation of the patient

Each step is usually accompanied by a 
checklist.

3.2.1  Preoperative Preparation 
of the OR

Surgical procedures in endosurgery require a 
complex equipment in the operation theatre. This 
might also vary in respect to the type of surgery. 
Standard procedures need a checklist which 
facilitates the preparations and the standardisa-
tion. In our OR setting, we are using specific 
checklist for single standard surgeries like appen-
dectomy, fundoplication, splenectomy, pyloro-
myotomy, laparoscopy for non-palpable testicles, 
lobectomy and transanal or laparoscopic-assisted 
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pull-through procedures. The following aspects 
have to be considered:

• Instrumentation (size, length, specific instru-
ments, scope size and length)

• Setup of technology (position of the patient on 
the OR table; position of equipment, moni-
tors, eventual special devices)

• Localisation of actors in the operation theatre 
(anaesthesiologist, surgeons, nurse)

• For the installation of the CO2 pneumoperito-
neum, we are using since many years a diagram 
which adjusts the pressure in relation to the body 
weight of the patient. This general rule gives a 
standard value which is preset by the OR nurses 
and can be individually modified (Fig. 3.1).

An example for this short and basic checklist 
can be seen in Fig. 3.2, which is the checklist for 
the laparoscopic cholecystectomy. All these check-
lists are complementary to the joint commission 
standard checklist and protocols which are used for 
all kinds of procedures in the operation theatre but 
which do not pay attention to the specific aspects of 
endosurgical procedures.

3.2.2  Preoperative Preparation 
of the Team

The above-mentioned checklist is also providing 
information concerning the details of the proce-

dure. Every procedure is described in detail, and 
specific conditions (e.g. suture material, stapler, 
endo equipments) are underlined. This descrip-
tion is performed together with nurses and sur-
geons. This kind of description is extremely 
important to guarantee a standard procedure and 
to facilitate the preparation and performance of 
surgery. All these checklists are constantly 
updated. Recently, also the anaesthesia team 
starts to rely on this checklist and information. In 
some procedures (e.g. lung resection), anaesthe-
tists have to have a precise knowledge of the pro-
cedures and need a special preparation of the 
patient before surgery (selective blocking of the 
bronchus, Fig. 3.3).

3.2.3  Preoperative Preparation 
of the Patient

The preparation before surgery of the patient is 
an essential step. The introduction of fast-track 
procedure is reducing the time the patient is being 
recovered especially before surgery [3]. Many 
operations are performed in a day-surgery set-
ting. The patient who is not requiring a pre-op 
recovery for special indications (transfusion, 
bowel preparation) is entering the hospital in the 
morning of the day of surgery. That means, all 
important steps (lab examination, cardiology 
consultation, consent forms, visit with the anaes-
thetist) have to be planed earlier usually during 
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an outpatient visit [4]. Patients and their parents 
have to be informed in advance and need all 
information concerning timing and location of 
visits and consultation. All patients are getting 
usually an information form with all necessary 
details. A phone number for further information 
or contacts in case of problems are given to par-
ents and patients.

3.3  Conclusion

This brief overview should give some informa-
tion for the organisation of the preoperative man-
agement in the hospital. Every hospital and every 
structure might have a detailed and self- developed 
schedule. In all structures organisation details 
might be different and should be considered. 
Nevertheless checklist and procedures have to be 
defined to standardise and organise surgery. After 
this step of preoperative measures, intra- and 
post-operative steps should be organised in a sim-
ilar way and give some kind of continued organ-

isation. We should keep in mind that legal aspects 
and problems are very often associated to 
missing.
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Basis of Laparoscopic Approach

Jozef Babala

4.1  Introduction

Laparoscopy is a visual examination of the 
abdominal cavity by means of a telescope, which 
is inserted through the abdominal wall.

The condition of laparoscopic surgery is that a 
space is created in the abdominal cavity by dis-
tending the abdominal wall, which allows the 
visualisation and instrument manipulation for 
diagnostic and therapeutic purposes.

The working space in the abdominal cavity is 
accomplished by gas insufflation (pneumoperito-
neum) or by mechanical traction of the abdomi-
nal wall (gasless laparoscopy).

Mostly, the abdominal cavity is filled with 
CO2 gas, which creates capnoperitoneum. The 
gas is insufflated via closed technique with the 
Veress needle or open Hasson technique.

With the closed technique, after the initial cre-
ation of capnoperitoneum using the Veress nee-
dle, the first port is blind inserted and a telescope 
is placed in it. Further ports are inserted under 
direct vision; the number and layout are deter-
mined according to the type of the operation.

With the open Hasson technique, it is neces-
sary to verify through the incision that we are 

safe in the peritoneal cavity and we insert the first 
port, create capnoperitoneum through it, and 
place a telescope in it. Further ports are inserted 
under direct vision; the number and layout are 
determined according to the type of the surgery.

In like manner, for the performance of single- 
incision laparoscopy (SILS), a special port is 
inserted via open technique through a greater 
incision.

4.2  Preoperative Preparation

If the laparoscopic approach is indicated in a 
patient, it is necessary to consider the age and 
weight of the patient and cardiovascular, respira-
tory, and other risk factors. The surgeon must 
have cognisance of previous abdominal surgeries 
with respect to the occurrence of possible adhe-
sions and also of enlarged organs (liver, spleen, 
dilated urinary bladder), and of potential patho-
logical masses, such as tumours, inflammatory 
masses, aneurysms, and hernias.

In planning a less frequent and/or technically 
demanding operation, the surgeon will familiar-
ise the team with the surgical procedure and tech-
nical requirements. This includes the position of 
the patient, position of the surgical team, position 
of the laparoscopic tower, location of the moni-
tor/monitors, and specification of instruments.

In newborns and infants, preoperative degassing 
of the gastrointestinal tract is recommended. Where 
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the operation includes intestine opening (appen-
dectomy, etc.), antibiotic prophylaxis is adminis-
tered, which is carried out in the operating room 
after the intravenous cannula has been inserted.

A child patient is placed under general anaes-
thesia with relaxed muscles. Nasogastric tube as 
a prevention of aspiration when applying an 
increased intra-abdominal pressure is indicated 
in all patients [1, 2].

The urinary bladder should be emptied natu-
rally before operation. After the patient has been 
placed under general anaesthesia, the urinary 
bladder can be emptied by means of Crede 
manoeuvre, and for demanding surgery, the 
insertion of a Foley catheter is recommended [3].

Immediately before the commencement of the 
operation, the function of instruments needs to be 
checked: light source, camera, and insufflator 
with a sufficient quantity of gas in the CO2 bot-
tle. An open surgery instrument kit should be 
available in case conversion is necessary.

4.3  Positioning

For the laparoscopic approach, the position of the 
patient should be supine.

The Veress needle is usually inserted at the 
site where the primary cannula for the telescope 
will be placed [1]. The most frequent regions for 
access are transumbilical access and infra- or 
supra-umbilical access.

Access in pararectal lines may also be used. 
However, also other abdominal wall sites can be 
selected, provided that the physiological status is 
modified by post-operative scars, a tumour mass, 
or other abnormalities.

The position of the patient on the operating 
table can be longitudinal or transversal, which is 
suitable for newborns and infants (frog position).

For laparoscopic surgery, which requires an 
elevated position of the patient (splenectomy, 
adrenalectomy), the initial supine position is 
reached by supporting the patient and rotating the 
operating table.

For entry into the abdominal cavity, a cooper-
ation is necessary between the surgeon and the 
assistant, who stand either on one side of the 

patient or opposite each other. Adequate visuali-
sation can be obtained provided that the monitor 
is placed ergonomically opposite the surgeon.

4.4  Instrumentation

Laparoscopic kit components: insufflator with a 
well visible display and adjusted values of pres-
sure (6–12 mmHg) and gas flow (low, medium, 
high). Light source and camera with white bal-
ance calibrated.

Veress needle with the mechanism of safety 
telescopic blunt-tip trocar. The sharp needle pen-
etrates the abdominal wall, and the centrally 
placed blunt-tip trocar is extended after penetrat-
ing the resistance, thus protecting the intra- 
abdominal organs against injury. Initial 
pneumoperitoneum is created by CO2 insufflation 
through the hollow trocar with a hole at its end. 
Veress needles can be reusable or disposable.

Working ports are tubular cannulas with an 
extractable trocar. After placing the working port 
transparietally, the penetration trocar will be 
removed. The hollow cannula equipped with a 
valve mechanism against CO2 leak serves to 
access the abdominal cavity. In addition to the 
working access, the port also participates to main-
tain pressure in the distended abdominal cavity.

The diameter of most frequently used working 
ports is from 3.5 to 15 mm (the initial port for 
telescope entry 5 and 10 mm). Working ports can 
be reusable or disposable. Some disposable 
safety ports have a trocar that is equipped with a 
mechanism similar to the Veress needle; when 
after penetrating the abdominal wall, the sharp 
point is hidden in the extracted part of the blunt- 
tip trocar. Ports with a diameter of 12 and 15 mm 
with the possibility of valve reduction from 5 to 
12 or up to 15 mm are available so that it is not 
necessary to replace the entire port when alter-
nating instruments of various diameters. Ports 
with visual intraluminal control during insertion 
into the abdominal cavity are also available.

For purposes of initial incision or for the open 
access using the Hasson technique, conventional 
instrumentation is used. Monopolar coagulation 
used in open surgery should also be available.

J. Babala
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4.5  Creation of Pneumoperitoneum: 
Technique

Creation of capnoperitoneum via closed method 
using the Veress needle—infra-umbilical 
approach.

Veress needle insertion. Using a scalpel, an 
incision is made that copies the inferior arc of the 
umbilical depression and is by 1–2  mm longer 
than the port diameter (Fig. 4.1). By blunt dissec-
tion the fascia is exposed and seized on the sides 
by means of Kocher forceps (towel clips or strong 
holding sutures can be used instead of the Kocher 
forceps). Ventral traction is used to elevate the 
anterior abdominal wall. A small longitudinal 
incision is made in the fascia for Veress needle 
entry (Fig. 4.2). Before insertion, the Veress nee-

dle must be checked for patency, and the tele-
scopic safety trocar for functionality. The trocar 
is checked by leaning against a firm support and 
springing.

The needle is grasped at a distance of 4  cm 
from the tip, and while elevating the abdominal 
wall, the Veress needle is inserted perpendicu-
larly through the fascia incision (Fig. 4.3). After 
the penetration into the abdominal cavity, with 
the “click” sound, the needle is directed at an 
angle of 45° into the abdominal cavity (Fig. 4.4). 
The correctness of Veress needle positioning is 
checked by the following manoeuvres. A free cir-
cular movement of the needle indicates the cor-
rect position. Then a syringe is connected and we 
try to aspirate the content (blood, enteric content, 
urine); if aspiration is not possible, 5–10 mL of 

Fig. 4.1 The incision copies the inferior arc of the umbi-
licus (infra-umbilical approach)

Fig. 4.2 A small longitudinal incision in the fascia for 
Veress needle entry

Fig. 4.3 The Veress needle is inserted through the fascia 
incision. Abdominal wall is elevated

Fig. 4.4 The needle is directed at an angle of 45° into the 
abdominal cavity
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saline is administered. Instillation should be free 
without resistance and without a possibility of 
subsequent aspiration.

Gas insufflation. The insufflation hose is con-
nected to the Veress needle, and the peritoneal 
cavity is slowly insufflated (the initial values of 
gas flow are 100–500  mL/min, pressure 
6–10  mmHg). If the pressure increases too 
quickly with a small volume of instilled gas and 
the abdominal cavity is not distended, the incor-
rect positioning of the insufflation cannula should 
be assumed. The gradual filling of the peritoneal 
cavity causes that it is distended symmetrically 
and a hyperresonant percussion is present above 
the liver. The gas flow is increased to 1–6 L/min, 
and we will wait until the real pressure value 
reaches the set value of pressure. In a child patient 
with a weight of 10 kg, this corresponds to a vol-
ume of 0.9 L of CO2 [4].

Insertion of the primary working port (a can-
nula with a trocar). The first working port is usu-
ally inserted at the site of insufflation through 
Veress needle; the needle is extracted after the 
capnoperitoneum has been created. Working 
ports with a diameter of 5 and 10 mm are used 
most frequently. The valve for CO2 insufflation 
on the cannula is checked whether it is closed. 
The cannula with the trocar is grasped so that the 
index finger acts as a break and prevents inadver-
tent deep penetration into the abdominal cavity 
(Fig.  4.5). The distended abdominal wall is 
 maintained in an elevated position by pulling the 

Kocher forceps. The trocar tip is directed into the 
small incision in the fascia, and using twisting 
movement and concurrent pressure, it is inserted 
perpendicularly through the abdominal wall. 
While penetrating the abdominal wall, the can-
nula with trocar is tilted to an angle of 45° 
(Fig. 4.6). The sharp trocar is pulled out a little 
and the cannula is inserted deeper into the 
abdominal cavity. Gas leakage after the valve is 
opened for a short while indicates the correct 
insertion of the cannula. The trocar is removed 
and the telescope is introduced, which serves to 
visually verify free access to the peritoneal cav-
ity. Subsequently, the cannula is attached to the 
CO2 hose, and the space, to which the tip of the 
Veress needle and trocar was directed, is exam-
ined. Further, the accessible parts of the abdomi-
nal cavity are examined.

Capnoperitoneum creation by Hasson method 
using infra-umbilical approach. The open method 
is used when with the closed method there is a 
risk of damage to intra-abdominal organs. This 
includes patients after previous abdominal sur-
gery with the occurrence of adhesions expected, 
and also newborns and infants with space limita-
tion, where intra-abdominal pressure sufficiently 
high to safely insert the cannula and trocar cannot 
be created. Using a scalpel, an incision is made 
that copies the inferior arc of the umbilical 
depression and is by 1–2 mm longer than the port 
diameter. On the circumference of the incision in 

Fig. 4.5 The grasping of the cannula/trocar. The index 
finger acts as a break

Fig. 4.6 The cannula with trocar is inserted perpendicu-
larly through the abdominal wall and then is tilted to an 
angle of 45° into the peritoneal cavity
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the fascia, a circular suture is placed serving to 
fix the cannula in the correct position and pre-
venting gas leakage. In newborns, patience is 
needed for opening the elastic peritoneum 
between the developed embryonic structures—
ductus urachus and obliterated umbilical artery. 
Once the peritoneal cavity has been opened, a 
cannula with blunt-tip trocar, or only a cannula 
without a trocar, is inserted into the opening and 
fixed by the prepared circular suture, which is 
also fixed at the insufflation valve of the cannula. 
Insufflation hose is attached and capnoperito-
neum is gradually created. The patient is ready 
for a visual inspection of the accessible part of 
the abdominal cavity.

Introduction of working ports (secondary can-
nula). The placement and number of working 
ports are selected according to the type of surgery 
and standardised procedures or practice in indi-
vidual workplaces. The ports are introduced in 
the initial phase of surgery; however, it is not a 
mistake to also add an access port during the sur-
gery if the situation requires it. The ports are 
introduced through the skin incision by pressure 
and circular motion while visually checking the 
monitor. For ergonomic reasons, the insufflation 
hose can be moved to other port.

4.6  Port Extraction 
and Emptying 
of Capnoperitoneum

After the laparoscopic operation itself has been 
finished, the CO2 intraperitoneal pressure is 
decreased, and the operating field is inspected 
focusing on possible bleeding. If the situation 
requires it, some of the working ports can be used 
to insert an abdominal drain and place it specifi-
cally under visual control by means of a grasper. 
Subsequently, the secondary working ports are 
extracted taking note of possible bleeding into 
the peritoneal cavity after the cannula has been 
extracted. The insufflation hose is disconnected 
from the last/or primary cannula, the valve 
remains open, and light compression of the rib 
arches and abdominal wall is used to remove as 
much CO2 as possible. Then the cannula is 

extracted. If an organ or a tissue formation is 
extracted by means of an endobag, its extraction 
immediately follows the port. In some cases, 
incision in the fascia needs expanding. The defect 
in the fascia from the 10 mm port is closed by 
2–3 non-absorbable sutures. Sufficient closure of 
the defect is verified by palpation, in particular in 
obese patients.

4.7  Tips and Tricks

Infra-umbilical or supra-umbilical incision is car-
ried out in such a way that the surgeon and the 
assistant grasp the skinfold (the skinfold under or 
above the umbilicus) and straighten it between 
forceps. Incision is made on its top, which results 
in a perfect arch. Incision for the port is made by 
1–2 mm wider than the cannula diameter. Thus, 
an adequate opening for free working port entry 
is created, preventing skin edge ischemisation. 
There is a difference between disposable and 
reusable ports. The disposable ones penetrate 
easily the abdominal wall thanks to their sharp-
ness; with the reusable ones, it is sometimes nec-
essary to make considerable effort to penetrate. 
When secondary ports are inserted in newborns, 
the elastic abdominal wall is resilient at low intra- 
abdominal pressure. The trocar tip should be 
directed into the cannula containing the tele-
scope. While introducing the trocar/cannula, it is 
slightly pulled out. If we concentrate on the mon-
itor looking for a site to introduce the cannula 
with trocar by means of the telescope and we lose 
orientation, we should look at the patient instead 
of the monitor for a while to correct the camera 
direction. During the visualisation of the second-
ary port entry, it is recommended that the 
 telescope is rotated by 180° if angulated optics is 
used (usually 30° optics).

4.8  Discussion

The general principles for performing a laparo-
scopic operation have not changed significantly 
since the laparoscopic revolution began in the 
late 1980s [2]. In the 1990s, minimally invasive 
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surgery was developed for infants and children. 
As technology has improved, we are now able to 
perform complex minimally invasive operations 
on our smallest, most vulnerable patients [5].

The contraindications for the laparoscopic 
approach are few. Primary contraindications 
include situations in which an adequate pneumo-
peritoneum cannot be created. Adhesions from 
previous procedures preclude adequate visualisa-
tion. Finally, patients with chronic lung disease 
and uncorrected cardiac disease may not be able 
to tolerate creation of a capnoperitoneum [2].

The gases that can be insufflated are CO2, 
N2O, air, and helium. Of these, the most com-
monly used gas is CO2 because of its inability to 
support combustion and high blood solubility, it 
is rapidly eliminated, and it has minimal potential 
of intravascular embolisation [4]. As regards the 
tolerance of intra-abdominal pressure, some 
authors recommend that the value of 6–10 mmHg 
should not be exceeded in child patients [1]. 
Other authors routinely use pressures of 
12–15  mmHg without a worsening effect [2]. 
Children have a higher vagal tone, and some-
times a stimulus to the peritoneum by sudden dis-
tension of the peritoneal cavity or trocar 
penetration can lead to bradycardia and asystole 
[6, 7]. Intra-abdominal pressure is an important 
determinant for maintaining cardiovascular sta-
bility during laparoscopy [4]. The value of intra- 
abdominal pressure recommended for baby is 
6 mmHg and for children is 12 mmHg because it 
has a minimal effect on cardiac index [7, 8]. 
Finally, a critical appraisal is warranted in regard 
to safety of surgery in neonates, as they fail to 
have cerebral autoregulation. As endoscopy may 
add additional risk factors, close monitoring is 
obligatory [9].

Another recommended procedure for first port 
introduction in infants is the vertical incision 
through the centre of the umbilicus with fascia 
opening by cutdown technique. The step cannula 
system is used, the expandable sleeve is intro-
duced directly into the abdominal cavity and the 
cannula with blunt-tip trocar is inserted through 
it. The authors consider this method to be very 
safe. The defect in the fascia within the umbilical 
hernia can also be used as an entry [2].

The stab incision is recommended for second-
ary port introduction in newborns and infants. A 
transparietal puncture channel is created by scal-
pel point, and the laparoscopic instrument is 
introduced directly through it, without the use of 
a cannula, into the abdominal cavity [2].

The stab incision is on the rise, and during 
operation, we can avoid difficulties related to can-
nulas, such as cannula dislodgement, gas leakage, 
and instrument movement limitation [10].

With the increasing experience in paediatric 
endoscopic surgery, minimally invasive surgery 
(MIS) has been extended more and more 
towards infants and even neonates. A short self-
retaining trocar sleeves were especially devel-
oped for neonatal surgery/paediatric 
laparoscopic surgery. The distal tip of the can-
nula enables fixation directly under the abdomi-
nal wall and prevents the cannula from slipping 
out of the abdominal wall [9].

Visual ports and smaller scopes via modified 
Veress needles are also available, but experience 
with children is limited [10, 11].

Bleeding from the port site should be avoided 
by translumination of the abdominal wall and by 
inserting the cannula with trocar out of vessel 
paths. If the visualisation is insufficient, bleeding 
from the abdominal wall from deep epigastric 
vessels may occur after the cannula has been 
introduced. We try to stop it by compression by 
changing the cannula position. For persistent 
bleeding, one of the possible methods is to intro-
duce a Foley catheter through the cannula, insuf-
flate the end balloon, and pull the catheter, thus 
compressing the injured site [1, 2].

Possible complications such as umbilical 
granuloma or instrumental problems belong to 
the  classification 1st grade Clavien-Dindo, which 
authors report in 2.9% [12].
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Basis of Retroperitoneoscopic 
Approach

Jean Stephane Valla, Agnese Roberti, 
Maria Escolino, and Ciro Esposito

5.1  Introduction

Minimally invasive surgery (MIS) has gained 
popularity in the last three decades due to numer-
ous advantages and has evolved and made remark-
able progress. Compared to the adult population, 
the application of this approach in the pediatric 
population was somewhat delayed [1, 2].

However, since its advent, the use of laparos-
copy and later retroperitoneoscopy in pediatric 
urology has revolutionized the diagnosis and 
treatment of many pediatric urological diseases.

The aim of a retroperitoneal approach is to 
strictly adhere to the principles of open urology 
for benign lesions and to ensure a high level of 
cosmesis after the surgical incisions are made [3].

In particular, retroperitoneoscopy has been 
used with excellent results on children for a wide 
range of urological procedures such as in renal, 
adrenal, upper, and lower urinary tract surgery.

The main indications of the retroperitoneo-
scopic technique are:

• Nephrectomy to treat benign diseases such as 
multicystic or dysplastic kidneys causing 
renal hypertension, nonfunctioning kidneys 
associated with obstructive uropathy or 
VUR,  xanthogranulomatosis, pyelonephritis, 
protein- losing nephropathy, and occasionally 
nephrolithiasis or nephropathy causing uncon-
trollable hypertension.

• Partial nephrectomy to treat renal duplication 
and a poorly functioning and chronically 
infected upper pole segment. The retroperito-
neal approach has already been described for 
upper and lower pole nephrectomy.

• Dismembered pyeloplasty to treat ureteropel-
vic junction obstruction (UPJO) that is the 
most common disorder of the upper urinary 
tract in children.

The aim of this chapter is to describe the basis 
of technique and find out the benefits of retroperi-
toneoscopy in the main frequent urological dis-
eases in children.

5.2  Preoperative Preparation

The parents give their informed consent to the 
procedure. This is essential in pediatric popula-
tion because the reported benefits of a retroperi-
toneoscopic approach have not been firmly 
established.
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Children are prepared for surgery as usual 
without bowel preparation.

A standard anesthesia protocol is used after a 
premedication with midazolam: all children were 
mechanically ventilated after insertion of an 
appropriately sized endotracheal tube. Nitrous 
oxide is generally contraindicated to reduce 
bowel distension; a nasogastric tube is introduced 
for the same purpose, and a bladder catheter is 
inserted to quantify diuresis.

Preoperative antibiotic dose is given accord-
ing to the etiology: not necessary in case of dys-
plastic multicystic kidney but necessary in case 
of destructed kidney by an obstructive or reflux-
ing uropathy.

An intraoperative monitoring is performed 
with a pulse oximeter, a noninvasive blood pres-
sure monitor, and an electrocardiogram; end-tidal 
carbon dioxide (ETCO2) was monitored through 
a capnogram.

5.3  Positioning

The procedure is performed with the patient 
placed in lateral decubitus position (Fig. 5.1).

This access has been demonstrated as reliable 
for a large number of indications particularly 
total nephrectomy, pyeloplasty, and pyelotomy 
[4–6]. Its direct access to the renal vessels with-
out violating the peritoneal cavity is the main 
advantage of the lateral retroperitoneal method, 
and if an urgent open conversion is needed, it 
offers the best exposure to control great vessels.

Normally the surgeon and assistant face the 
back of the patient. The video column stands on 
the other side; the cables are fixed to the superior 
part of the operative field (Fig. 5.2). If a total ure-
terectomy is needed at the same time, the posi-
tion of the surgeon and his assistant and the 
position of the video column may change during 
the procedure; the installation must be planned 
accordingly.

5.4  Instrumentation

The choice of the telescope and of the cannulas 
must be adapted to each case: for example, to 
remove a dysplastic multicystic kidney in a nor-
mal child less than 2 years of age, a 5 mm tele-
scope and two 3 or 5  mm normal cannulas for 
operating device seem to be the good option. At 
the opposite, in order to remove a large hydrone-
phrotic infected kidney in an obese teenager, 
there is no other way for the primary access than 
a quite large skin incision (15/20 mm) and the use 
of a large cannula with balloon for the primary 
access.

A plastic bag is fixed to the dorsal part of the 
patient and instruments are put away in this bag: 
monopolar hook, bipolar forceps, harmonic scal-
pel, and aspiration cannula.Fig. 5.1 Position of the patient

Scrub nurse
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Anesthesiologist

Monitor
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energy
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Fig. 5.2 Team position

J. S. Valla et al.



41

In the recent years, thanks to the use of new 
hemostatic and synthesis devices that permit 
faster and safer procedures, the technique seems 
to be easier to perform.

5.5  Technique

5.5.1  Access in the Retroperitoneal 
Space

First port placement. We favor an open tech-
nique for primary retroperitoneal access. This is 
the key point of the technique because the major-
ity of complications deal with access technique 
and the development of a working field [7]. After 
sterile preparation and draping, anatomical land-
marks are palpated (11th and 12th ribs, iliac crest, 
sacrospinalis muscle), and the surgeon mentally 
localizes the lateral peritoneal reflection.

The skin incision (8–15 mm long) is made just 
below the 12th rib tip at the posterior axillary 
line, in the area where the muscular wall is the 
thinnest (Fig.  5.3). If the incision is oversized, 
resultant gas leak could be managed with large 
retaining sutures or large cannulas with fascial 
retention balloons. A muscle-splitting dissection 
is used to gain access into the retroperitoneal 
space; dissecting forceps, retractors, and 
Metzenbaum scissors are usually sufficient to 
bluntly divide the external oblique and internal 
oblique; after piercing the white transversalis fas-

cia with the tip of scissors, the dissection is 
stopped when the yellow perirenal fat becomes 
visible. Two stay sutures are placed on each side 
of the muscular layers (2/0 short curved needle—
semicircular 16 mm). In case of large (15 mm) 
incision, it is sometimes possible to recognize the 
Gerota’s fascia, to incise it in order to begin CO2 
insufflation directly in the perirenal space; most 
often, the Gerota’s fascia is not visible, so the 
working space is created in the retroperitoneal 
space, and the Gerota’s fascia will be opened pos-
teriorly in the following step.

Then a small gauze is introduced in the retro-
peritoneal space and manipulated carefully to 
create the space. The surgeon must keep the dis-
section in close touch with the posterior muscular 
wall to avoid peritoneal perforation. The primary 
blunt port (5–10 mm—disposable or reusable) is 
placed and secured to create a seal for the retro-
pneumoperitoneum. CO2 insufflation is started 
(8–10 mm in infant, 12–15 mm in children). A 0° 
or 30° lens is inserted. The working space, 
already created by the gauze, is progressively 
enlarged by moving the tip of the telescope, used 
as a palpator to free retroperitoneal fibrous tis-
sues, behind the kidney. This allows to expose the 
anatomical landmarks: quadratus lumborum, 
psoas muscles, and posterior part of the kidney. 
The thick lateral and posterior abdominal wall, 
closely attached to the bony boundaries, cannot 
be distended by insufflation as well as the ante-
rior abdominal wall; this explains why a good 
curarization is essential so a sufficient operating 
space can only be achieved by pushing away 
peritoneum and intra-abdominal organs and by 
dissecting the lateral peritoneal reflection at least 
to the anterior axillary line [8].

Placement of accessory ports. Two additional 
ports (3 or 5 mm) are placed under direct vision: 
the posterior port is introduced first, in the costo- 
spinal angle, at the junction of the lateral border 
of the erector spinae muscle with the underside of 
the 12th rib; the inferior port just above the iliac 
crest must not be placed too close to the iliac 
crest because the bony relief could restrict the 
device’s mobility.

This port placement allows to achieve a trian-
gulation of ports in order to maximize exposure 

Fig. 5.3 Camera port is classically placed just below the 
tip of the 12th rib
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and minimize instrument conflict in a small 
working space.

5.5.2  Exit of Retroperitoneal Space

After performing a procedure and after a possible 
extraction, the port and telescope are reintro-
duced to check the hemostasis at low pressure 
particularly near the hilum. If needed a drain is 
introduced through the inferior cannula; ports are 
removed under direct vision. The closure of fas-
cia is easy because of the two stay sutures, placed 
at the beginning of the procedure. Port sites can 
be injected with bupivacaine and lidocaine. The 
skin is close with subcuticular stitches and/or 
adhesive strips.

5.6  Mains Procedures 
of Retroperitoneoscopic 
Approach

5.6.1  Pyeloplasty

5.6.1.1  Access in the Retroperitoneal 
Space

Dissection of the pyeloureteral junction (PUJ). 
The kidney is approached posteriorly and the 
renal pelvis first identified. The pyeloureteral 
junction (PUJ) is identified and minimally dis-
section is used to free the PUJ from connective 
tissue; small vessels are divided after bipolar 
electrocoagulation. If needed, a fourth trocar 
(3 mm) is inserted lateral to the lumbosacral mus-
cles near the iliac crest. A stay suture of 5/0 
polydioxanone is placed for traction at the 
PUJ. The anterior surface of the PUJ is cleared to 
identify any polar crossing vessels.

Section of PUJ. The renal pelvis is partly 
divided by scissors at the most dependent part, 
when light traction on the stay suture is helpful 
for manipulating the PUJ. Maintaining the trac-
tion, the ureter is partly divided and incised verti-
cally for spatulation. The traction suture helps to 
mobilize the ureter so that the scissors can be in 
the axis of the ureter. The anterior surface of the 
kidney is left adherent to the peritoneum so that 

the kidney is retracted medially with no need for 
individual kidney retraction.

Anastomosis. The pelvi-ureteric anastomosis 
begins using 6/0 polydioxanone sutures and a 
tapered 3/8 circular needle. The first suture is 
placed from the most dependent portion of the 
pelvis to the most inferior point or vertex of the 
ureteric spatulation. The suture is tied using the 
intracorporeal technique with the knots placed 
outside the lumen. The same suture is used on the 
anterior wall of the anastomosis. The PUJ is 
maintained on traction and the suture line stabi-
lized. A polyurethane JJ stent was inserted through 
the suture line to the bladder at the end of the ante-
rior layer reconstruction, through trocar N° 3.

Fluoroscopy was used to assess the placement 
of the JJ stent in the urinary tract.

The stent remains indwelling for 4–6  weeks. 
Perirenal suction drainage is normally used [9, 10].

5.6.2  Total Nephrectomy

5.6.2.1  Access in the Retroperitoneal 
Space

Initial dissection and control of the renal hilum. 
At this time landmarks should be clearly visual-
ized and especially the posterior part of the kid-
ney, great vessels ureter. With the help of two 
atraumatic instruments (palpator or peanut 
grasper), the Gerota’s fascia is largely opened (if 
not already done) along the posterior part of 
kidney.

Anterior dissection should be limited at the 
beginning to prevent peritoneal injury and the kid-
ney from flapping ventrally. On the contrary if the 
anterior peritoneal adherences are kept intact, the 
kidney is automatically retracted anteriorly by the 
insufflation pressure and pushed to the top of the 
field, giving a good posterior access to the hilum; 
if this spontaneous retraction is not sufficient, a 
third operating device—usually 3 mm—could be 
introduced on the midaxillary line for retraction 
of the kidney in the upper part of the field.

Dissection with a hook or scissors cleans the 
artery and vein; they appear vertically; the renal 
vessels must be dissected in the inferior part of 
the field, where there is only one artery and one 
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vein, and not too close to the kidney hilum where 
the vessels divide into several branches. Vessels 
do not need to be taken at their origin with the 
aorta and vena cava, but a sufficiently wide area 
of exposure (at least 1 cm) to allow safe control 
on each side is necessary.

Countertraction using the nondominant hand 
is useful to create a large window around the vein 
and artery. If the search for renal vessels proves 
difficult, the ureter may serve as a lead; the ureter 
is easy to discover in the retroperitoneal space, 
and its dissection up to the kidney leads to the 
renal vessels.

Vascular control. The artery is controlled 
first. Many kinds of hemostasis could be used 
according to the anatomical situation and the ves-
sel’s diameter such as monopolar coagulation 
with hook in case of tiny vessels, bipolar coagu-
lation, harmonic scalpel, ligasure in case of mid- 
sized vessels, and extracorporeal ligature or clip 
in case of large vessels.

Specimen dissection. Dissection using elec-
trocautery or ultrasonic scalpel continues from 
caudal to cephalad. Polar vessels could be 
encountered at that time; a careful dissection 
allows to recognize them and to manage them 
according to their size. The upper pole dissection 
allows to separate the kidney and adrenal gland 
using an avascular plane. Lastly the anterior part 
of the kidney is completely freed and the kidney 
is totally mobilized.

Ureteral management.

 – In case of non-refluxing or atrophic ureter, the 
ureterectomy could be limited to the lumbar 
part, and a ligature is not necessary. Just cut it.

 – On the other hand, in case of refluxing or 
dilated ureter, a total ureterectomy is essential 
to avoid postoperative complications due to 
the stump [11].

Specimen removal. The benign nature of most 
pediatric renal diseases enables removal without 
concern for spillage. The specimen’s extraction is 
of variable difficulty according to its volume. In 
case of multicystic dysplastic kidney, after punc-
ture of all the cysts, the extraction is very easy; in 
the same manner in case of small kidney or kid-

ney with very thin cortex, the extraction can be 
performed without morcellation. Large specimen 
can be extracted after enlargement of the 10 mm 
hole, with or without the use of an endobag and 
morcellation. If a low incision (inguinal or 
Pfannenstiel) is needed for another purpose, the 
kidney can be extracted through it (Fig. 5.4).

5.6.3  Partial Nephrectomy

Upper pole nephrectomy: The first step is to 
locate the two ureters and provide access to the 
posterior surface of the renal hilum. Dissection is 
continued as far as the renal sinus to identify the 
vessels supplying the upper pole. These small- 
caliber vessels are ligated or coagulated and then 
sectioned.

The ureter of the upper renal moiety is then 
sectioned and drawn toward the diaphragm, 
which most closely represents the plane of paren-
chymal section.

Section of the renal parenchyma is performed 
with scissors and monopolar electrode or with an 
ultrasonic scalpel. The resection margin is care-
fully inspected; if there is any doubt about a pos-
sible opening of a lower pole calyx, saline, with 
or without methylene blue, is injected via the ure-
teric catheter: if the leak is confirmed, caliceal 
suture is performed with 5/0 absorbable suture 
material; otherwise no suture is performed on the 
resection margin. Biological adhesive is applied 
to the section [12].

The next step consists of ureterectomy, which 
is extended inferiorly beyond the pelvic inlet, 

Fig. 5.4 A distal ureteral stump and left kidney are 
removed via a groin incision
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carefully avoiding damage to the blood supply of 
the remaining ureter. The constantly dilated 
upper pole ureter is treated in the same way as via 
open surgery: section, aspiration for the contents 
in the case of obstruction, or ligation by Endoloop 
in the case of reflux (e.g., in the case of prior 
endoscopic incision). A Redon drain is system-
atically left in place.

Lower pole nephrectomy: Ureteral section of 
the lower pole ureter is not necessary; usually 
there are numerous vascular branches. The paren-
chymal section is more easy because the healthy 
hypertrophic upper pole pushes down the demar-
cation line and presents it in the right plane, per-
pendicular to the scalpel.

5.7  Postoperative Care

In the postoperative period, the patients can keep 
a normal decubitus.

They can restart full oral feeding few hours 
after surgery. The analgesic requirement 
(paracetamol every 6 h) is generally limited to the 
first 24 postoperative hours.

In case of drainage, the drain is removed at 
day 1 or day 2 post-op. An ultrasound is per-
formed at 1 week and 1 month post-op to check 
the lumbar area. The following annual controls 
are focused on the remaining kidney.

5.8  Tips and Tricks

• Dense perirenal adhesions: Ten years ago at the 
beginning of our experience, dense perirenal 
adhesions due to previous nephrostomy, repeated 
perinephritis, and xanthogranulomatous pyelo-
nephritis were considered as contraindication for 
retroperitoneoscopic nephrectomy. Now, we try 
a retroperitoneoscopic attempt and most of the 
time we succeed [13].

• Horseshoe/ectopic kidneys: We and others 
[14] have performed nephrectomy for horse-
shoe or ectopic sigmoid kidney, using the 
same lateral approach or a modified 45° flank 
position. Aberrant vascular anatomy is com-
mon in these cases, and a careful dissection 

and clamping before division are mandatory 
especially in case of ectopic sigmoid kidney. 
The ultrasonic scalpel is very useful to cut 
between healthy and destructed parenchyma.

Sometimes the kidney is “invisible” before 
operation. If it is suspected to be located in the 
lower part of the abdomen, it seems preferable 
to use an intraperitoneal approach [15]. But if 
the “invisible” kidney is suspected to be 
located around the normal place, the retroperi-
toneal approach could be successfully used as 
in one of our cases.

• Giant hydronephrosis: The destructed kidney 
with giant hydronephrosis is usually soft with 
low pressure in it. A careful open approach 
allows to avoid entering the renal cortex or 
pelvis during the initial trocar placement. 
After having dissected the posterior part, 
decompressing the renal pelvis with an aspira-
tion needle under visual control greatly 
improves exposure of anatomical elements, 
and a large working space is naturally 
created.

5.9  Discussion

Retroperitoneoscopic surgery in children is feasi-
ble and safe if performed by well-trained sur-
geons. Between transperitoneal and retroperitoneal 
approach, the choice should be made according to 
each case; however, in our opinion, a pure pediat-
ric urologist would favor the retroperitoneoscopic 
access to reach the upper urinary tract and the kid-
ney, because this is the “natural” way even if it is 
more difficult to learn at the beginning.

Operative urological minimal access surgery 
has recently expanded its range of indications 
due to improved laparoscopic technology and an 
increased interest in minimally invasive thera-
peutics. In other words, the indications have 
evolved from diagnostic procedures 20 years ago 
to ablative procedures 10 years ago and now to 
reconstructive surgery [3].

Nowadays, minimally invasive surgery for 
pediatric nephrectomies is established as rou-
tine practice. Transperitoneal and retroperito-
neal are the two approaches for performing 
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either total or partial nephrectomy. During 
transperitoneal laparoscopy, the surgeon must 
mobilize the hepatic flexure of the colon in 
order to expose the right kidney and the splenic 
flexure to expose the left kidney. This approach 
is easier compared to retroperitoneoscopy, since 
it allows plenty of space, but it has an inherent 
risk of adhesion formation or intestinal perfora-
tion. Faster access and easier dissection of the 
parenchyma can be achieved with the retroperi-
toneal approach [1].

As for the repair of ureteropelvic junction 
obstruction, the retroperitoneal approach is now 
an acceptable method. The cosmetic result is 
superior in retroperitoneoscopy, and the need for 
reoperation is also reduced in comparison with 
the transperitoneal approach [1].

In conclusion, it is possible to state that retro-
peritoneoscopy is the technique of choice for 
reaching the urinary tract in children, as it can be 
performed safely and effectively in children. 
Still, this procedure is more challenging and 
requires excellent imaging of the retroperitoneal 
space, especially when partial nephrectomies are 
involved.

Retroperitoneoscopic approach offers several 
potential advantages. The main advantage is its 
more direct and rapid exposure without perito-
neal cavity transgression and without dissection 
and handling of intraperitoneal structures which 
could be injured during these maneuvers.

The working space is not obscured by intesti-
nal loops; therefore, the risk of postoperative 
paralytic ileus, shoulder pain, omental eviscera-
tion, and intestinal adhesions is eliminated.
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Basis of Thoracoscopic Approach

Piergiorgio Gamba, Alba Ganarin, 
and Miguel Garcia Magne

6.1  Introduction

Thoracoscopy has now reached an excellent level 
even in neonatal and pediatric age. There are 
many procedures that can be performed; for 
many of them, thoracoscopic approach has actu-
ally proved its superiority compared to traditional 
surgery in terms of shorter days of hospitaliza-
tion, less postoperative pain, reduction of scar-
ring, and long-term complications (i.e., scoliosis, 
thoracic deformities) [1, 2]. The long-term effects 
(as well as laparoscopy) of the use of CO2 in the 
neonatal age are still to be assessed. Even more 
than in laparoscopy, thoracoscopy requires 
greater collaboration with the anesthesiologist 
(see Anesthesia in pediatric MIS chapter). 
Another limit of thoracoscopic approach con-
cerns the mobility of trocars and surgical instru-
ments within the small pediatric intercostal 
spaces.

6.2  Indications

Currently technological advances, more skilled 
and experienced surgeons, and introduction of 
more efficient and standardized techniques 

allowed to expand significantly the spectrum of 
indications for thoracoscopic procedures [3].

In Tables 6.1 and 6.2, the relation between dif-
ficulty level, location within the thoracic cavity, 
possible procedures, and suggested patient’s 
position is shown.

6.3  Contraindications

Nowadays the development of better instrumen-
tation and improvement in surgical techniques 
reduced drastically the number of contraindica-
tions to perform thoracoscopy. Surgeon experi-
ence and patient clinical conditions are 
fundamental at the time of deciding the surgical 
approach [4].

Absolute. These comprehend conditions that 
prevent adequate visualization of the thoracic 
space and/or serious respiratory compromising:

 – Severe respiratory distress which requires 
alternative forms of ventilation: inability to 
tolerate single-lung ventilation, contralateral 
pneumonectomy, high positive-pressure 
ventilation

 – Giant anterior mediastinal masses that com-
promise respiration

 – Severe hemodynamic instability

Relative. Do not discard thoracoscopy but 
must be carefully planned:
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Table 6.1 Description of the possible indications described as low/moderate level of difficulty, location of the pathol-
ogy, and possible positioning of the patient

Difficulty 
level Location Procedures Position
Low/moderate Intrathoracic Pleural diagnostic evaluation SLD, MPP, 

MSP
Evacuation of hemothorax/empyema SLD
Mechanical or chemical pleurodesis SLD, MPP, 

MSP
Bleb resection SLD, MPP, 

MSP
Lung biopsy: interstitial lung disease, metastatic and fungal 
lesions

SLD, MPP, 
MSP

Sympathectomy SLD, MSP
Transdiaphragmatic liver biopsy MSP

Mediastinum Pericardial drainage MSP
Pericardial window MSP
Mediastinal tumor biopsy SLD
Mediastinal node biopsy SLD

SLD standard lateral decubitus, MPP modified prone position, MSP modified supine position

Table 6.2 Description of the possible indications described as high level of difficulty, location of the pathology, and 
possible positioning of the patient

Difficulty level Location Procedures Position
High (expert 
surgeons)

Intrathoracic Trauma evaluation SLD, 
MSP

Decortication SLD
Lobectomy: infectious diseases, cavitary lesions, bullous disease, lobar 
emphysema, congenital adenomatoid malformations and tumors

SLD, 
MSP

Resection of sequestration MPP, 
SLD

Diaphragmatic plication SLD, 
MSP

Congenital diaphragmatic hernia SLD
Anterior spine procedures: anterior spinal fusion for severe scoliosis SLD

Mediastinum Vagotomy MPP
Thoracic duct ligation MPP
Patent ductus arteriosus ligation SLD
Esophageal myotomy MPP
Esophageal atresia repair MPP
Tracheoesophageal fistula ligation MPP
Bronchogenic cyst surgery MPP, 

SLP
Neurogenic tumor resection MPP
Benign esophageal tumor resection MPP
Aortopexy MSP
Thymectomy MSP
Insertion of cardiac and diaphragmatic pacemaker SLD, 

MSP

SLD standard lateral decubitus, MPP modified prone position, MSP modified supine position

P. Gamba et al.



49

 – Previous thoracic surgery
 – Pleural adhesions caused by previous wide-

spread infections
 – Coagulopathy
 – Large tumors or extended pulmonary 

metastasis

6.4  Preoperative

 (a) Equipment
Basic thoracoscopy equipment has no sig-

nificant difference with laparoscopy instru-
mentation. Basic instrument set must be used 
in case of a thoracoscopic procedure:

• According to the size and weight of the 
patients, 3–5  mm instruments must be 
available.

• Trocars: valved trocars allow to insufflate 
low-pressure CO2 to help collapse the 
lungs. This is particularly useful in smaller 
children in whom complete lung exclusion 
cannot be acquired. Trocar length must be 
decided according to the size, age, and 
weight of patient, in small and thin patients 
50–70 mm. Blunt-tipped trocars reduce the 
chance of causing lungs or tissue injury 
during introduction due to thin chest wall. 
Because of the little thickness of children’s 
chest walls, trocars must be fixed to it dur-
ing long procedures in order to avoid them 
to slip during manipulation. Sometimes it 
could be indicated also to use instruments 
without trocars.

• Optics: 2.7 or 5 mm optics depending on 
age and weight of patients; 10 mm optics 
can be used in children of 8 years or more. 
The most commonly used scopes are 0° or 
30°, but other angles as 45° or 70° might as 
well be used in particular situations in 
order to improve visibility.

• Basic set: grasper, curved dissectors, 
curved scissors, forceps, irrigator/aspirator, 
cautery device, needle holder, clip applier, 
monopolar/bipolar cautery.

• Disposable equipment: endoloops, hemo-
static clips (5–10 mm).
Nevertheless, evolution in techniques, sur-

geon’s ability and experience, and proce-
dure’s level of difficulty are just some factors 
that might require the use of special instru-
ments such as harmonic scalpel (Ultracision®, 
Ethicon), LigaSure™ (Covidien), endoscopic 
ultrasound, argon beam coagulator, and endo-
scopic stapler (5–12 mm).

 (b) Imaging
Preoperative imaging is essential for sur-

gical planning since adequate imaging allows 
an accurate positioning of the patient, there-
fore better access points to the lesion area.

Depending on the nature of the pathology, 
different imaging techniques might be used: 
MRI scans are useful in cases of vascular 
lesions or masses involving the spinal canal, 
CT scans for masses and infiltrates, US for 
the largest fluid collections, or even X-ray in 
cases of pneumothorax. If possible, 3D 
reconstruction imaging is extremely helpful 
for the surgeon.

 (c) Positioning, room set-up, and trocar 
placement

Depending on the procedure that will be 
performed, the patient has to be positioned 
correctly, in order to obtain the wider field of 
view and the best access to the anatomical 
structures of interest. The unaffected lung 
and the other structures must be kept out of 
the operative field; for this purpose the 
patient will be positioned so that these struc-
tures are located below the area of interest. In 
the photos are shown the three principal posi-
tions used for thoracoscopy. In Fig. 6.1 the 
patient is in a standard lateral decubitus posi-
tion with operative side up and the ipsilateral 
upper limb flexed above patient’s head. In 
this position the surgeon can dominate the 
entire pleural cavity, which makes this posi-
tion the best choice for procedures such as 
lung biopsy and pleurodesis [5, 6]. In Fig. 6.2 
the patient is in a prone modified position 
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with affected side slightly elevated. This 
position allows the surgeon the best access to 
the posterior mediastinal structures. Finally, 
in Fig. 6.3, the patient is in a supine position 
with affected side slightly elevated. This 
position provides an excellent view of the 
anterior mediastinum. Once the patient is 
secured, he can be moved in the Trendelenburg 
or reverse Trendelenburg position and rotated 

in order to achieve the best operative view 
and ergonomics for the surgeon. It is manda-
tory to have a monitor on both sides of the 
operating table, with one of it standing in line 
with the surgeon and the other in line with 
the assistant or the scrub nurse. The surgeon 
and the assistant stand normally in front of 
the operative area, with the scrub nurse posi-
tioned on the other side. In order to obtain the 
best operative view and working space, it is 
essential to correctly position the patient and 
choose the right placements of ports in the 
intercostal spaces. In general, a camera port 
and two operative ports may be sufficient to 
perform many thoracoscopic procedures; an 
additional port can be placed for retraction. 
In Figs. 6.1, 6.2, and 6.3 the sites to place the 

Fig. 6.1 Patient in standard lateral decubitus position. 
PAL posterior axillary line, MAL midaxillary line, AAL 
anterior axillary line

Fig. 6.2 Patient in modified prone position. PAL poste-
rior axillary line, MAL midaxillary line, AAL anterior axil-
lary line

Fig. 6.3 Patient in modified supine position. PAL poste-
rior axillary line, MAL midaxillary line, AAL anterior axil-
lary line

P. Gamba et al.



51

trocars depending on patient’s position are 
shown: in lateral decubitus position, the cam-
era port is placed along the midaxillary line 
(Fig. 6.1); if the lesion is localized in the pos-
terior mediastinum, then the port should be 
placed along the anterior axillary line 
(Fig.  6.2). When approaching the anterior 
mediastinum, the camera port should stay 
along the posterior axillary line (Fig.  6.3). 
Normally, the camera port will be placed 
between and above the two operative ports.

 (d) Anesthesia
Considering the complexity of pediatric 

patients and the pathologies treated, knowl-
edge of the surgical plan and surgeon’s expe-
rience alone won’t guarantee success unless 
they are combined with an optimal relation-
ship with the anesthesiology team.

Anesthetic features that comprehend dou-
ble lung/single-lung ventilation will be dis-
cussed at the Anesthesia in pediatric MIS 
chapter.

6.5  Postoperative

The complexity of postoperative care depends on 
the difficulty of surgery. Patients who underwent 
biopsy, limited resection, or observation can be 
monitored at the surgical ward, without intensive 
special care. In some cases, after a 24-h time 
observation, these patients can be ready for dis-
charge [7, 8]. Chest tubes can be removed in the 
first postoperative day once the pneumothorax 
resolves. Heavy nonabsorbable suture is used to 
secure the tube to the skin followed by application 
of an occlusive, adherent dressing. Thoracoscopic 
approach allowed to reduce muscle stretching 
resulting in a significant reduction in postoperative 
pain, allowing the patient to regain effective deep 
breathing; likewise, the injection of local anesthet-
ics at trocar sites before insertion followed with an 
IV painkiller in the immediate postoperative 
period allows fast and efficient pain management. 
An adequate pain management and an early and 
aggressive pulmonary toilet help in reducing the 
incidence of postoperative pneumonias and other 
pulmonary complications. It hasn’t been proved 

that thoracoscopic approach may not reduce sig-
nificantly hospitalization time, but it surely reduces 
general morbidity and postoperative pain [9, 10].

6.6  Complications

 (a) Intraoperative
• Conversion to open thoracotomy: the 

decision of converting to an open proce-
dure should not be considered as a com-
plication, unless a significant technical 
mistake was made.

• Tension pneumothorax during insuffla-
tion or initial air introduction.

• Significant bleeding from a vessel or 
parenchymal injury, most of the times it 
can resolve without conversion.

• Gas (air or CO2) embolism.
• Diaphragmatic or subdiaphragmatic organ 

lesions from port or instrument insertion
• Cardiac arrhythmias: due to use of cautery 

near to the heart, vagus nerve, or 
pericardium.

 (b) Postoperative
• Air leak/persistent pneumothorax is one 

of the most common postoperative com-
plications; luckily it can be considered a 
self-limited problem once a chest tube 
suction/drainage is positioned. Any thora-
coscopic procedure, in which an air leak 
or accumulation of pleural fluid is antici-
pated, requires placement of an intercostal 
chest tube. Tubes sizes may range from 12 
to 28 Fr, depending on the size of the 
patient and can be placed under direct 
vision (via one of the port sites) in order to 
evacuate pneumothorax. According to the 
possibility of air leak, the tube may be 
connected to a low-pressure suction sys-
tem or a water seal. Tubes can be removed 
when lungs stay fully expanded for 
24/48  h and fluid drainage is minimal 
(less than 2.5 mL/Kg per day) [11].

• If leaks persist the possibility of a bron-
chopleural fistula might be considered; in 
this case a re-exploration, thoracoscopi-
cally, is needed.
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Basics of Paediatric Robotics

Azad Najmaldin, Thomas Cundy,  
Donatella Di Fabrizio, and Naved Alizai

7.1  Introduction

Robot-assisted surgery has been introduced to 
address some of the difficulties encountered with 
the introduction of minimal invasive surgery 
(endoscopic surgery) and extend the capability of 
surgeons.

In the late 1990s, Cadière from Brussels 
reported the feasibility and safety of robotic- 
assisted laparoscopic approach in adult general 
surgery. In 2001, Meininger et al. from Frankfurt 
published the first robot-assisted procedure in a 
child. Since then, increasing numbers of surgeons 
have reported the feasibility and success of 
robotic techniques in an increasingly wide range 
of paediatric subspeciality fields including urol-
ogy, hepatobiliary and gastrointestinal, cardio-
vascular, thoracic and cervical surgery [1–3]. The 
application of robot-assisted single-port surgery 
has also been described.

Although robotic radical prostatectomy is 
established as standard practice in many adult 
urology settings in the developed world [4], the 
role of robotics in other adult surgical specialities 
and paediatric surgery is still being defined. 
Many paediatric surgical units around the world 
have developed their robotic programmes as part 

of a wider multidisciplinary university hospital 
services. To the best of our knowledge, we estab-
lished the first independent paediatric robotic 
programme in Leeds, UK, using the da Vinci sys-
tem in early 2006. In Leeds Children’s Hospital, 
robot-assisted pyeloplasty, nephrectomy, partial 
nephroureterectomy, some bladder procedures, 
pelvic procedures in DSD, rectopexy, fundopli-
cation, Heller’s myotomy, partial and total sple-
nectomy, cholecystectomy and liver cysts and 
choledochal cysts with hepaticojejunostomy are 
routinely performed in all ages with noticeably 
low morbidity rates and promising short- and 
long-term outcomes [5]. The number and types 
of the procedures performed with robotic assis-
tance and the numbers of robotic surgeons con-
tinue to expand.

This chapter highlights the basics of robot- 
assisted surgery in children.

7.2  Advantages and Limitations 
of Robotics in Children

Paediatric surgery is characterised by a wide vari-
ety in pathology, procedures and patient size. 
Most operations are complex and reconstructive 
in nature. For these reasons, paediatric surgery 
demands high-quality operating view, dexterity 
and precision.

The three-dimensional panoramic high- 
resolution view, with depth perception and 
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 independent control of a stable visual field with 
increased magnification, contributes to a greatly 
enhanced ability to identify and manipulate tis-
sue with improved precision as compared to con-
ventional manual endoscopic or even what the 
open-technique surgery allows. The intuitive 
nature of the system and increased freedom of 
movement provided by the multijointed robotic 
instruments and motion scaling augment the sur-
geon’s manual dexterity and control. Other sig-
nificant advantages of the system include the 
near-normal restoration of native hand-eye co- 
ordination and noticeably superior ergonomics 
and comfortable seated posture, which are par-
ticularly important for the operator and in com-
plex or prolonged surgical procedures. These 
characteristics make the robot a superior operat-
ing tool for the paediatric surgeon. The system 
has alleviated the need for a human camera assis-
tant. Consequently the manpower in the operat-
ing room can be reduced, and costs of operating 
may be rationalised in this regard. Using the 
three-armed da Vinci robot platform, the senior 
author (AN) has successfully completed several 
robotic-assisted procedures with the scrub nurse 
alone (Fig. 7.1).

Laboratory-based studies indicate an initial 
steep learning curve when first using the robot, 
which plateau sooner for robotics when com-
pared with conventional manual endoscopic sur-
gery. Moreover, surgeons with experience in 
endoscopic surgery acquire robotic skills sooner 
than surgeons who have no experience [6, 7]. 
Some surgeons have successfully established a 
comprehensive robotic practice in children with 
little if any prior experience in manual laparos-
copy or thoracoscopy [8]. The learning curve 
conversion and complication rates are compara-
ble to, or lower than, manual endoscopic surgery 
[8–10].

There can be no doubt that the robotic system 
provides technological solutions that overcome 
many difficulties inherent with conventional 
endoscopic surgery. Robotic technology is 
described as a tool to “democratise” minimally 
invasive surgery, enabling more surgeons to 
become facile with complex endoscopic tech-
niques and offer the benefits of laparoscopy and 
thoracoscopic approaches to their patients. 
However, robot-assisted surgery is not without 
limitations. The system has a near-complete lack 
of tactile (haptic) feedback. The operator relies 

Fig. 7.1 Robotic 
pyeloplasty performed 
successfully with one 
scrub nurse and no 
medical assistant
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entirely upon visual cues in tissue deformation, 
familiarity with the surgical anatomy and instru-
ments. The robotic arms are powerful, so sur-
geons must remain careful while manipulating 
tissues and suturing. It is reassuring that only a 
small number of robot-related intraoperative and 
post-operative complications have been reported 
in the literature [8–11].

Other disadvantages arise from the size of the 
slave arms and the instruments (Figs. 7.1 and 7.2). 
The size discrepancy may allow arm and instru-
ment collision outside the patient and potentially 
restrict anaesthetist and/or assistant access to the 
patient. The smallest available telescope size is 
8 mm. The 5 mm instruments are effective but less 
versatile than the 8 mm instruments. These disad-
vantages may become relevant in infants and 
small children [12]. The slender- sized arms and 
rotational characteristics of the da Vinci Xi sys-
tem have addressed some of the above-mentioned 
drawbacks of the S and Si models.

The capital and maintenance costs of the da 
Vinci system are significantly higher than conven-
tional endoscopic surgery infrastructure. However, 
the cost of consumables per procedure can be 
made comparable to, or lower than, that of dispos-
able endoscopic surgery instruments by reducing 
the number of robotic instruments used for any 

given procedure and by the use of reusable ports. 
In the authors’ unit, such measures have been 
assessed prospectively and have been shown to be 
beneficial, financially. Furthermore, the increased 
cost of the robotics may be offset by the improved 
quality of surgical technique, reduced conversion 
and complications rates [1, 4, 9, 10, 13], wider 
application of minimal access surgery and the 
reduced manpower in the operating room.

7.3  Training

Current practice in medicine and surgery 
demands even more than formerly to focus major 
emphasis on the acquisition of skills. Good surgi-
cal management requires appropriate decision- 
making and competent manipulative skills. The 
surgeon’s ability to perform safe and successful 
robotic procedures relies heavily on the under-
standing of general and specific principles of 
conventional surgery and minimal invasive sur-
gery as well as robotics. A lack of understanding 
of any of the above principles produces unneces-
sary difficulties, complications and poor out-
come, and expose patients to risks.

Endoscopic surgeons acquire skills of robotics 
much quicker than surgeons who are naïve to 
endoscopic surgery. Surgeons exclusively trained 
in open techniques may find learning robot- 
assisted surgery less problematic than learning 
conventional endoscopic surgery [6, 7]. Therefore, 
prior skills in endoscopic surgery are not a prereq-
uisite to the acquisition of robotic surgery skills. 
As with all fields of surgical practice, an appren-
tice can acquire the craft skills of robotics from 
one or more masters by listening, watching, 
assisting and being encouraged, assisted and cor-
rected. Hands-on practice on the robotic system, 
outside and inside the operating rooms, allows for 
a safer and shorter skills acquisition [14] 
(Fig. 7.3). Before starting clinical robotics, all sur-
geons must familiarise themselves with the use of 
console, slave unit, docking and undocking, emer-
gency undocking, instruments and adjusting to 
the near-complete loss of tactile feedback during 
surgery.

Fig. 7.2 The restricted working space in paediatric 
robotic surgery. Note the position of the port and its effect 
on the instrument function
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7.4  Operative Considerations

As with conventional endoscopic surgery in chil-
dren, preoperative colon preparation is rarely 
required for abdominal or urological procedures. 
An informed consent must be obtained in all 
cases. The patients/guardians must be informed 
about all risks including potential complications 
and the possibility of conversion to a manual 
endoscopic or open technique.

Theatre layout is crucial to the success of any 
robotic procedure. A dedicated theatre and the-
atre team improve productivity, speed of surgery 
and safety. Position of the mobile slave unit must 
be planned and discussed with the anaesthetic 
and nursing teams. This is particularly important 
in multidisciplinary and dedicated paediatric the-
atres, where a wide range of procedures (tho-
racic, upper and lower abdominal, left or right 
sides) are undertaken by one or more teams in 
different age groups and different sized patients 
(infants to fully grown adolescents). The position 
of the S and Si mobile slave units depends on the 
size of the patient and the types of the procedure 
to be executed (Table 7.1).

As for conventional manual thoracoscopic and 
laparoscopic procedures, a slight to moderate 
head, lateral or foot tilts “before docking” often 
facilitate access and manipulation. Position of the 
da Vinci Xi system in both thoracic and abdomi-
nal procedures are less complicated compared to 
S and Si da Vinci system models.

Ready access to the patient’s airway and intra-
venous lines must be ensured at all times. The 
access for the assistant (if any) and the external 

position of the accessory conventional endo-
scopic port/instruments must be planned before 
the start of the procedure. It is a common mistake 
to only consider the distance between port sites, 
instead of the movement arc of the robotic arm 
and the external part of the conventional port/
instrument, as they may clash and make the assis-
tance very difficult.

As with conventional endoscopic surgery, all 
procedures are performed under general anaes-
thesia with intubation, total muscle relaxation 
and controlled ventilation. During induction of 
anaesthesia for a robotic-assisted procedure, gas-
eous distension of the gastrointestinal tract 
should be avoided, as even a slight dilatation of 
the intestines can jeopardise safe and easy access, 
with a higher risk of complications and increased 

Fig. 7.3 Leeds annual endoscopic and robotic workshop

Table 7.1 The position of the S and Si slave units around 
the operating table in paediatric robotic surgery

Procedure Robot slave position
Cervical and thoracic 
inlet

Head of the table

R/L upper abdominal R/L shoulder
Posterior mediastinum Behind semiprone
Anterior mediastinum In front semisupine or lateral
Transperitoneal renal 
and adrenal gland

Behind with a slight turn to 
face the patient’s foot in 
semisupine or semilateral 
position

Small and large 
intestine

R/L supine ± slight tilt

R/L lower abdomen 
and pelvic in older 
children

R/L of the foot of the table, 
supine ± slight tilt

Lower abdomen, 
pelvic and transvesical

Direct foot of the table 
(infants) or between legs 
(older), supine
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risks of conversion to open method surgery and 
complications. This is particularly so in infants 
and small children, complex procedures, pelvic 
and retroperitoneal organ surgery and if the pro-
cedure is being executed without a surgical assis-
tant or fourth robot slave arm. In the author’s 
experience, inadequate muscle relaxation and/or 
intestinal tract distension has been the common-
est reason for conversion [13]. After induction, 
nasogastric tube aspiration can improve access in 
the upper abdomen and minimise the risk of pul-
monary aspiration but is less effective in prevent-
ing gaseous distension of the intestinal tract. A 
palpable bladder can usually be adequately emp-
tied by a Credé manoeuvre, and catheterisation is 
required only in sick patients and complex and 
prolonged or certain pelvic procedures.

As with the conventional thoracoscopic sur-
gery, endotracheal intubation with or without 
lung retraction and/or low-pressure insufflation 
provide adequate access for most hemi-thoracic 
and mediastinal procedures. Double-lumen intu-
bation and selective bronchial intubation with or 
without contralateral bronchial occlusion are 
technically demanding manoeuvres, particularly 
in small children, and may be required in certain 
circumstances.

Although the fourth arm of the da Vinci sys-
tem is easy to operate and may prove helpful in 
many circumstances, we prefer the use of three 
robotic arms with or without an accessory con-
ventional endoscopic port and instrument in most 
paediatric cases, particularly in infants and small 
children. Reasons for this are listed below.

 – Many paediatric procedures can easily be per-
formed using two instruments only.

 – The fourth arm takes additional space at and 
around the operating table and increases the 
chance of arms and instruments’ collision. 
This is particularly so in small patients.

 – An accessory conventional laparoscopic or 
thoracoscopic port is more versatile for differ-
ent types and different sized retractors, suc-
tion and irrigation devices, special instruments 
or drains/tubes, sealing devices, staplers, 
suturing materials, retrievals and specimen 
bags, in all age groups.

As for conventional endoscopic surgery, it is 
important to recognise that in children, particularly 
infants and small children, the surface area for 
access is limited, The body wall is thin and highly 
compliant, intercostal spaces are narrow, the liver 
edge is below the costal margin, the bladder is 
largely an intra-abdominal structure, viscera and 
major vessels are closer to the body surface, tissues 
are delicate, thoracic and abdominal working 
spaces are small (200–500  mL in infants), and 
high-pressure insufflation may not be tolerated eas-
ily (abdomen 8–12 mmHg, thoracic 4–6 mmHg are 
usually safe). These characteristics make access 
and manipulation in paediatric surgery more diffi-
cult and complicated when compared with adults. 
However, the lack of excess visceral fat in infants 
and small children makes recognition and dissec-
tion of structures a relatively easy exercise.

In general, the position and number of access 
ports are similar to those of equivalent conven-
tional laparoscopic and thoracoscopic procedures 
[15]. However, it is important to appreciate the 
following special considerations in robot-assisted 
surgery:

• Ports, instruments and telescope are usually 
positioned towards the mobile slave units, 
though vision and/or instrument function may 
still be preserved with the instruments at a 
perpendicular or slightly sideway positions.

• Ports are positioned so that they do not allow 
collision between the robot slave arms and 
either the patient’s head, ventilation lines, 
patient’s bony landmarks, operating table, 
assistant, conventional endoscopy ports, 
deployed instruments or other robot arms.

• The rule of four fingers space between ports is 
applicable only to large children. In infants 
and small children, surgeons have to compen-
sate by changing the level at which ports are 
placed and by being especially careful during 
robot-assisted surgery.

• Access to the patient (airway, intravenous 
lines, aspiration and drain) is maintained 
throughout the procedure.

In children, open technique is the preferred 
method for the insertion of the primary optical 
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port [15]. A strong purse string or single suture 
through the fascia and peritoneum with a double 
throw prevents gas leak around the port. Hitching 
the suture around the port inlet or insufflation 
nipple prevents outward displacement of the port 
during the procedure (Fig. 7.4). The gas flow and 
insufflation pressure parameters used in robotics 
are similar to those of conventional manual endo-
scopic surgery. However, robotic procedures can 
be executed safely and successfully with lower 
insufflation (smaller spaces) for the following 
reasons:

 – The fixed ports of the robot act as a lift (ante-
rior abdominal wall only).

 – The multijointed instruments allow for a 
degree of retraction near the operating field.

 – The improved dexterity, precision and ergo-
nomics provided by the system.

 – The improved camera control and vision.
 – The lesser need for instrument changes during 

any given procedure.

The working space for both 8 and 5  mm 
instrument functions may be critically reduced if 
more than 5–10 mm of the port is allowed inside 
the intra-cavity working space (Fig. 7.2). Once 
the robot is docked, the arms should be 
unclutched carefully; one arm at a time, using 
both hands and the safety and anticipated range 
of movements for each individual arm and 
instrument including the telescope, the possibil-

ity of internal and external collisions (between 
arms and instruments, arms and patient, ventila-
tion lines, accessory port, fixed external retrac-
tor, assistant) and the required optimal operating 
view are checked. The position of the robot arms 
may have to be readjusted before the start of the 
procedure.

The tissue manipulation, dissection, suturing 
and the use of energy sources are carried out in 
a manner similar to that of conventional endo-
scopic surgery. As described earlier in this chap-
ter, the near-complete loss of tactile feedback 
must always be remembered during the entire 
procedure. Care must be taken while loading 
and unloading instruments, and instruments 
should only be moved under direct vision, at all 
times.

Once the procedure is completed, the instru-
ments are removed, arms undocked, and cart-
wheeled away from the patient. The telescope is 
held by hand and working ports removed under 
direct vision, and finally the telescope and the 
primary port removed. It is essential that the 
patient is kept fully relaxed while the deeper lay-
ers (peritoneum and fascia) of all 8–12 mm (pos-
sibly 5 mm in infants) wounds are closed safely. 
If the patient is not relaxed, wound closure 
becomes extremely difficult, and the risks of 
omentum and bowel herniation or being caught 
in the wound closure increase significantly. As 
for conventional laparoscopy, layer closure can 
be difficult in overweight children and adoles-

Fig. 7.4 Open technique insertion of the optic primary port
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cents. In such circumstances, a fascial closure 
device can be used, which has to be deployed 
while the ports and telescope is still in situ. 
Wound infiltration with an appropriate local 
anaesthetic agent may be completed before the 
skin closure.

Post-operative pain control may be achieved 
as for conventional manual thoracoscopy and 
laparoscopy. However, in our experience, less 
than 20% of patients require one to three doses of 
Oramorph or iv morphine infusion in the first 
8–24 h post-operative period.

7.5  Conclusions

Robotic surgery represents an advance for 
endoscopic minimal invasive surgery. Appli-
cation of this technology in children continues 
to be demonstrated as safe and effective in an 
increasing variety of procedures and age range. 
An underappreciated role for this technology is 
its ability to make a minimally invasive surgi-
cal option more available to children who oth-
erwise might undergo an open-technique 
procedure. Growing numbers of surgeons are 
reporting low conversion and complication 
rates and excellent long- term outcomes. 
Increased surgical precision and dexterity, 
superior camera control and ergonomics as 
well as near-normal eye and instrument co- 
ordination are significant advantages. The sys-
tem allows for easier and shorter learning 
curve, reduced manpower in the operating 
room and possibly shorter operating time.

Compared with conventional endoscopic sur-
gical approach, the costs of equipment, instru-
ment and maintenance are high. The size of the 
mobile slave unit and instruments and the current 
single company market monopoly are also a 
disadvantage.

Robotic surgical technology is here to stay 
and will continue to evolve to become more 
advanced, affordable and better suited for our 
young patients. We anticipate robot-assisted sur-
gery to be an important component in the future 
of paediatric surgery.
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Training in Pediatric Minimal 
Access Surgery

Aly Shalaby and Amulya K. Saxena

8.1  Introduction

Moulding today’s surgeon goes beyond technical 
skills to build depth of knowledge, professional 
values and the ability to work in a multidisci-
plinary environment. Minimal access surgery 
(MAS) has integrated itself in all aspects of oper-
ating which involves comprehensive preoperative 
skill development. Training therein has moved 
outside the operating theatre to laboratories with 
simulators of all guises: real, virtual and combi-
nations thereof. Designing surgical MIS skills 
training is a challenge. It should be based on 
acquisition of knowledge and operative skills of 
progressive complexity. While it is easier to 
assess a technical skill versus a nontechnical one 
(e.g. thought processes), objective measures that 
evaluate MAS skills can be quite complex.

Surgical innovation is fickle. What may be 
hailed today at the “next big thing” may turn out 
to be but a blip on the way a few years down the 
line. Smartphones and augmented reality (AR) 
have taken the world by storm and are finding 
themselves in every nook of our daily lives. In a 
world of evidence-based practice, surgical educa-
tion is no exception. It is no longer a subjective 
discipline but a series of objective, validated and 

quantifiable assessments that aim to curate the 
well-rounded surgeon of today. Simulation, with 
all its guises, came to the fore with changes in 
work-time restrictions, evolving technology, the 
rising demand for patient safety and the increase 
in patient expectations. This chapter aims to 
review the theory behind MIS skill acquisition, 
the tools available for this purpose with a focus 
on their application in pediatric surgery.

8.2  Learning Theory

Surgical training has moved on from the tradi-
tional apprenticeship model that is based on sev-
eral years of textbook knowledge combined with 
workplace training. Traditional learning has now 
also expanded to encompass virtual learning 
environments (VLEs) that characterise e- learning. 
It not only provides supplementary information 
and support but also allows flexibility in time and 
place of access—two elements of high impor-
tance to surgical trainees balancing on-call duties 
and learning. In addition, this type of blended 
learning makes use of a plethora of tools such as 
box trainers, virtual reality (VR) simulators, 
inanimate models, cadaveric or explanted tissue 
and live animal models.

An effective grasp of educational theory is the 
backbone of improving the teaching of practical 
skills. Kolb’s Learning Style Inventory (LSI) 
categorises learner types as converging 
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 (problem- solving), accommodating (practical 
involvement), diverging (passive observation) 
and assimilating (theoretical formulation). 
Convergence seems to be highest amongst sur-
geons. It is served well by current training meth-
ods involving problem- based discussions, 
podcasts, blogs and instructional videos.

Two major theories impact on MIS learning. 
The first is the Cognitive Load Theory [1]. It 
involves three different “loads”: intrinsic, exoge-
nous and germane that should come together to 
provide optimal learning. The intrinsic loads are 
the resources needed for a task, the exogenous 
loads are the resources needed to understand direc-
tion and deal with interference, and finally the ger-
mane load is when the learner has sufficient spare 
cognitive capacity to reflect on what is being 
learned. It is important to know that MIS taxes the 
germane load, especially in novices. Stress in 
peculiar settings, such as trauma or uncontrolled 
bleeding, decreases the cognitive load.

The second theory is the Contextual 
Interference Effect (CI) [2]. When task parame-
ters are increasingly altered, an impaired perfor-
mance occurs in the skill acquisition phase. 
Multiplying the amount of CI, should in theory, 
improves the subsequent phases of retention and 
transfer [2]. In an experimental study involving 
laparoscopic skills, it was found that CI did not 
provide added benefit and could in fact be detri-
mental on the retention phase. They recom-
mended that it be tailored to the trainee’s level. 
“Complex variations on training tasks and dif-
ferent camera orientations can be applied later 
in training, when trainees have attained a higher 
proficiency level. In this way, trainees are not 
overly challenged, but flexibility of their skills 
can still be enhanced” [2].

8.3  Skills, Competence 
and the Expert

The two major skill areas needed in MIS are 
visuospatial awareness and fine motor dexterity. 
Motor skill development is associated with per-
ception, memory, communication skills and man-

agerial processes. As an extension to the Howell 
model of learning, there is a cognitive phase, 
integrative phase and an autonomous phase [3].

Skill gain can also be described as three 
phases: acquisition, learning a new skill; reten-
tion, reproducing same skill several (weeks/
months) later; and transfer, moving from simula-
tion to theatre. Low variability in learning set-
tings is frequently correlated with poor transfer 
(third phase of skill gain).

Skill gain reaches a deep learning state by 
three modes of practice:

 (a) Varied practice where tasks are done in 
smaller time slots and alternated more fre-
quently compared to a standard practice 
where the learner trains on tasks in a sequen-
tial order starting from the easiest to the most 
difficult. Similarly, the spacing effect states 
that dividing training into distinct blocs 
improves learning.

 (b) Distributed practice (over weeks) results in 
improvement and retention of motor skills.

 (c) Finally, deliberate practice where the 
learner has an explicit intention and motive 
to improve (not just time spent operating). 
Components of deliberate practice are goal- 
directed training, repetition, reflection and 
feedback, the latter being the most 
important.

Competence in surgery is defined as the abil-
ity to successfully apply professional, skills, 
knowledge and attitudes to new situations and 
familiar tasks. It is evaluated by setting a clear 
definition, providing up to date documentation 
complimented with assessments. A behaviourist 
approach assesses competence using clearly 
defined set of criteria such as skill sets. A holistic 
approach assesses competence in context of a 
wider scope involving other characteristics such 
as situational awareness. In understanding com-
petence, there are three common educational 
theories. Miller’s hierarchical triangle of compe-
tence and skills describes a surgeon who “knows”, 
“knows how”, “shows how” and finally “does”. 
Howell’s model on the other hand moves from 
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having unconscious incompetence to conscious 
competence to unconscious competence. Finally, 
the Cambridge model distinguishes competence 
(what a trainee is capable of doing) from perfor-
mance (what actually happens in real life) as 
other factors affect performance (patient-related 
factors, colleagues and hospital policy/level of 
technology).

Defining an expert is a challenging task and 
has been extensively debated by researchers in 
medical education. In flying, there are five levels 
of skill: novice, advanced beginner, competent, 
proficient and expert. In the medical field, it is 
not as clear-cut. Economy of movement has been 
proposed as the best indicator of expert status, 
and it is a skill level discriminator in simulation. 
The expert has domain-specific memory skills 
that tap into long-term memory. Planning and 
reasoning for alternative courses of action to 
anticipate adverse events become second nature. 
Hence some tasks can be done “automatically”: 
primary tasks are done with no obvious inten-
tional effort in addition to capacity to do other 
simultaneous tasks with relative ease. The expert 
is capable of recognising his or her own errors 
and self-correct.

Two types of expert are recognised. The rou-
tine expert applies learned routines repetitively. 
New problems are adapted to their learned rou-
tines. New learning improves efficiency by modi-
fying aspects of the learned routines. The 
adaptive expert adapts problems to learned rou-
tines relying on flexibility, innovation and cre-
ativity (as opposed to speed, accuracy and 
automaticity). This may not particularly be help-
ful in surgery!

Some authors argue that experts are essen-
tially made despite cultural notions that some 
doctors are innately geared to be surgeons [4]. In 
one study looking at training potential, novice 
subjects ended up clustered into three groups: (a) 
those with an inborn skill, (b) those who were 
trainable and (c) those who could not gain com-
petency despite repeated training [5]. Taken at 
face value, it can suggest that the latter group are 
untrainable; however a more moderate approach 
would interpret this group as one which would 

require additional/alternative training to reach 
the desired competencies.

8.4  Simulation

Traditionalists will interpret simulation as a static, 
laboratory-based entity. This may be true to a cer-
tain extent in the context of this chapter; however 
the trainee and the educator reading this should be 
aware that simulation can offer much more. 
Simulation’s evolved definition is “a spectrum of 
resources alongside clinical care in order to comple-
ment its richness” and “to offer an opportunity to 
abstract from a complex reality to generalise from 
the particular aspects and to create suitable condi-
tions for self practice, minimising patient harm”.

The need for simulation stemmed from shorter 
working hours and hospital pressures such as 
increased theatre utilisation efficiency and medi-
colegal pressures. Back in 2008 the UK Chief 
Medical Officer announced that simulation will 
be of central importance in healthcare education 
especially for surgery and related craft speciali-
ties [6]. It has proven to be an excellent adjunct to 
surgical education, offering a safe environment 
where trainees can repeatedly practise a range of 
clinical skills without endangering patients. It is 
now central to education and has evolved into a 
discipline of its own: simulation-based medical 
education (SBME) is a recognised field. One no 
longer debates the effectiveness of simulation, 
rather how to make the best of it.

Simulation should go beyond the operation 
and incorporate complex reality. This helps to not 
only hone the technical skills but to bring out the 
often unseen flaws in the nontechnical skills such 
as team working. It can be categorised into:

• High fidelity: This includes complex simula-
tion involving all aspects of clinical care and 
often involves costly mannequins, equipment 
and simulation labs (laparoscopic simulators).

• Novice-based procedural simulation: Teaches 
basic skills, is deconstructed and focuses on 
learning a skill. It is a low-cost and easy way 
of teaching.

8 Training in Pediatric Minimal Access Surgery
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• Patient simulation: Uses real people either 
actors or chronic patients.

• Hybrid simulation: Combines models with SPs.
• Distributed simulation: Uses low-cost props 

that are easy to transport to areas beyond the 
simulation laboratory.

• Sequential simulation: Simulates areas where 
transition of care might be problematic.

Simulation does not have to involve the entire 
scenario. It can focus on a certain element and 
can be therefore broken down into four elements: 
(a) selection of the desired point to focus on; (b) 
abstraction, isolating the point from its original 
setting; (c) representation of that point in another 
milieu; and (d) intensification, the net result of 
dismantling the bigger picture and only focusing 
on one aspect.

8.5  Types of Simulators

Simulators can be classified into virtual (no real-
istic setting), physical (no virtual setting) and 
hybrid (combination of virtual and realistic). 
Another classification according to setup can be 
box trainers, virtual reality and augmented real-
ity. Box simulators are simple, basic, portable 
and cheap and allow for basic skills training 
(Fig. 8.1). Evaluation is done by experienced sur-
geon or tracking.

VR is more complex, is less portable, is more 
expensive and trains more advanced skills. 
Evaluation is by forced feedback. VR cons are 
low realism and poor haptic feedback. AR is most 
sophisticated, is expensive, trains advanced skills 
and uses pictures, has better haptic feedback and 
makes use of actual consumables. Assessment is 
with complex performance metrics. The com-
monest simulators currently on the market are 
summarised in the tables below (Tables 8.1 and 
8.2) [7].

AR simulator presently available on the mar-
ket amongst others includes the more commonly 
known PROMIS.

8.6  Simulator Assessment

Any simulation or test must be both reliable and 
valid in order to give objective feedback on a cer-
tain skill or set of skills.

Fig. 8.1 Box trainers with integrated camera and screen 
to perform procedures in real time on fresh tissue or train-
ing objects

Table 8.1 Virtual reality simulators with their 
characteristics

Device Manufacturer Training options
Lap 
Mentor

Simbionix Ltd. Golan, 
Israel

Basic/advanced 
tasks

Sinergia Sinergia Consortium Basic tasks
LapSim Surgical Sciences, 

Gothenburg, Sweden
Basic/advanced 
tasks

MIST-VR Mentice AB, Goteborg, 
Sweden

Basic tasks

Simendo SimSurgery AS, Oslo, 
Norway

Basic/advanced 
procedures

SEP SimSurgery AS, Oslo, 
Norway

Basic/advanced 
procedures

LapVR CAE Healthcare, 
Mainz, Germany

Basic/advanced 
procedures

Table 8.2 Characteristics of physical simulators for 
objective measurement of technical skills

Device Technology Training evaluation
HUESAD Optical Instrument motion
Zebris Acoustic Instrument motion
SurgicalSIM 
LTS

Sensor-based Physical models 
with sensors

CELTS Optical Instrument motion
ADEPT Gimbal 

mechanism
Instrument motion
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Reliability is how predictable the test is to 
convey consistent results time after time. It con-
sists of three elements:

• Inter-rater: The degree of difference between 
assessors given to a single trainee (not 
 applicable in VR situations where the data is 
computer generated)

• Intra-rater: The degree of variation when 
assessing under different conditions and times

• Test-retest: The degree of variation when the 
same individual repeats the test under differ-
ent conditions and times

Validity means to how true to reality a test is 
and if it really measures what it sets out to do. 
Validity has five elements: [8]

• Face: subjective but requires the user to mea-
sure design, functionality and how close to 
reality the test is.

• Content: assessed by experts but can also be 
subjective—it aims to determine if the test 
contains the relevant elements and tasks 
required for the assessment and its training 
capacity.

• Construct: ability to differentiate between 
levels of quality (or skill levels).

• Concurrent: similarity between two instru-
ments or test that set out to assess the same 
skill.

• Predictive: measures how well the individual 
will perform the task in a real-life setting.

8.7  MIS Skill Assessment

All the laparoscopic skills such as bimanual dex-
terity, access and suturing are measured with 
metrics. There is a huge number of “performance 
metrics” in the literature such as task duration, 
number of hand movements and instrument path 
length (Table  8.3) [9]. The best/most reliable 
metrics are time, path length, depth perception 
and motion smoothness. Task difficulty is gener-
ally related to poor haptic feedback, loss of depth 
perception, fulcrum effect, decreased range of 
motion, amplified tremor, and parallax errors.

Simple box trainers rely on an “expert” asses-
sor applying a set of predefined scores. Some rely 
on video assessment. Some tracking systems are 
rigid and can restrict instrument movement—
affecting the trainee’s metrics. Performance is 
better tracked by the VR simulators. Poor haptic 
feedback and lack of verisimilitude are compen-
sated by combined/hybrid models. Finally, motion 
analysis attempts to track, quantify and interpret 
skill level based on the trainee’s movements.

8.8  Minimal Access Surgery 
in Pediatrics

Pediatric surgery is no stranger to MAS proce-
dures, but lack of exposure to index cases can be 
problematic. In addition, there is a lack of a uni-
form and structured MIS training program in 
Europe. The difference in pediatric surgical train-
ing in MAS to adults is that the surgeon is 
exposed to a wide size range of patient in which 
the procedures have to be performed. This 
requires adaptation skills in newborns and 
infants, toddlers, school-age children and teenag-
ers. This size variation has another aspect as pro-
cedure in newborns and infants is easier to 
perform with 3  mm instruments (rather than 
5  mm). Besides the instrument size, a large 
assortment of instruments that are present in 5 
and 10  mm options are not available in 3  mm 
sizes. This unavailability of specialised 
 instruments in smaller sizes has been a major 

Table 8.3 Metrics for objective skill assessment

Efficiency Force analysis Tool-tissue forces
Torsion
Force sensitivity

Motion analysis Depth perception
Tool rotation
Speed and acceleration
Optimal path deviation
Energy expenditure
Angular area
Volume

Quality Task outcomes
Errors
Manoeuvres’ repetitions
Manoeuvres’ order
Idle states
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factor in the development of pediatric minimal 
access surgery as technical step changes have led 
to procedures goal being achieved using existing 
instruments of altered surgical steps. Besides 
this, the small working spaces in newborns offer 
restricted space for manipulations with risk of 
injury to organs if instruments during procedures 
are moved excessively in an uncontrolled fash-
ion. With direct training programs in pediatric 
surgery where trainees do not have prior expo-
sure to adult minimal access cases, trainees in 
pediatric surgery are able to perform complete 
index cases towards the end of their training, 
however under supervision.

Following a survey in 2013, the European 
Society of Paediatric Endoscopic Surgeons 
(ESPES) puts forward such a framework [10]. Its 
basic four blocks are theoretical, laboratory- 
based skills, personal logbook and time spent at a 
dedicated MAS centre (Fig. 8.2). ESPES defines 
a high-volume centre as one that does at least 200 
MAS cases per year [10]. The theoretical block is 
to include at least a couple of MAS courses. The 
latter have been shown to complement and 
enhance learning. The minimum number of cases 
to reach a high skill level remains still unclear.

The ESPES training takes the Fundamentals of 
Laparoscopic Surgery (FLS) program to the next 
level of learning to involve a “step-by-step” teach-
ing that ends in MAS certification (Fig. 8.3) [10].

In children, as in adults, the laboratory- 
acquired skills remain largely the same:

 1. Entry into cavities
 2. Suturing and intra- and extracorporeal knot 

tying

 3. Haemostasis
 4. Cutting precision
 5. Tissue reconstruction

The key skills however identified are “two- 
handed instrument manipulation, dissection, 
intra-corporeal suturing and intra- and extracor-
poreal knot tying”.

Static simulation models for pediatric surgery 
include basic skills and for training on neonatal 
procedures for pathologies such as oesophageal 
atresia/trachea-oesophageal fistula, pelvi-ureteric 
junction obstruction (PUJO), diaphragmatic her-
nia and duodenal atresia. Advanced courses have 
been introduced to perform procedures on live 
tissues in skill labs to mimic real-life scenarios 
(Fig. 8.4).

Theoretical
knowledge

Laboratory
training

MAS
Centre Log book

Pediatric
Minimal Access
Surgery Training

Fig. 8.2 The interrelated areas of pediatric minimal 
access surgery from the training perspective according to 
the ESPES 2013 framework

Fig. 8.3 Trainees are guided through various aspects of 
performing procedures under the guidance of experts who 
carefully monitor every step of the procedure

Fig. 8.4 Procedures being performed on live tissue to 
offer a live model hands-on experience under guidance 
from experts
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The porcine model is the most common used 
in animal models of pediatric surgery as it allows 
for complex procedures such as cholecystectomy, 
splenectomy and nephrectomy but can also be 
used for hernia repair and varicocelectomy. 
Rabbits are especially fitting for neonatal 
 procedures owing to their small abdominal and 
thoracic cavities which mimic those of a 
neonate.

A learning curve, defined as the time taken 
for improvement of outcomes, comes hand in 
hand with MAS.  It is characterised by three 
phases: the start (which differs depending on 
experience), the incline (skill progression) and 
the plateau [11]. Learning curves are not just 
surrogate indicators of skill, but they also affect 
hospitals and institutions as a whole. A recent 
systematic review of learning curves in pediatric 
surgery showed poor representation and mea-
surement thereof. Operative time was the com-
monest measure in use; however as stand-alone, 
it is not useful in pediatric surgery where other 
factors such as co-morbidities and instrument 
setup can be confounding factors [12]. Ideally, 
one would use the same performance metrics 
used in simulation discussed above. Macdonald 
et al. make a valid statement that attempting to 
set up such metrics for a routine day case would 
be prohibitive for most centres [12]. Nevertheless, 
the authors have put forward a framework that 
would allow for a standard format of reporting 
which in turn opens the door for cross-study 
comparisons (Fig. 8.5) [12].

Whereas some authors were referring to the 
reporting of novel MAS techniques that might 

involve multiple surgeons, we believe that main-
taining a structured framework per individual 
would also be good practice.

8.9  Discussion

Technical skills are one of the hallmarks of surgi-
cal training compared to other fields of medicine. 
Educational theory is a complex field, but a good 
understanding of it influences outcomes. The best 
most effective surgical curricula will support and 
train all levels of students to the desired compe-
tency level, innate abilities notwithstanding. The 
answer to a comprehensive program is to use a 
combination of all the available tools, divided 
and stratified across the board and tailored to 
each stage of the surgical training process. An 
example of development and validation of a lapa-
roscopic colorectal curriculum was published in 
2012 [13].

The trainee is an essential component in the 
learning equation. They must be engaged in train-
ing. Surgical trainees count on experiential learn-
ing and lament today’s lack of contact with trainers 
and other trainees. However, it must be noted that 
many factors affect engagement. They can be per-
sonal factors such as having well- defined targets/
personal development plans (personal interest in 
MAS, application for a post that involves MAS) or 
external factors such as work load, free time, simu-
lator placement, protected teaching time and man-
datory training sessions/tests. In a systematic 
review on voluntary participation attitudes of 
trainees, the biggest reported obstacle was lack of 

Minimum 4 outcome measures

- 1 universal, 1 procedure-specific,
1 patient-oriented, 1 resource-related

Statistical analysis, graphical representation
- adjust for confounding factors, represent

with best-fit curve

Consider impact in 3 domains

- patient, surgeon/trainee, institution

Measuring

Presenting

Interpreting

Fig. 8.5 Framework for 
reporting learning 
curves in pediatric 
minimal access surgery
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free time. Protected teaching time or mandatory 
participation might be the only way to ensure 
effectiveness of a training program.

The ideal combination of teaching methods 
(simulation/reality) that yields maximum train-
ing might be difficult to achieve. The relationship 
between fidelity and training effectiveness is not 
clear. A hypothetical model (Fig. 8.6) [14] traces 
such a line where its authors argue that training is 
best with effective (forced) feedback in simula-
tors but may actually decrease owning to the 
stresses of real-life operating [15].

In the apprenticeship model of surgical educa-
tion, there are fewer opportunities for deliberate 
practice. This is where simulation plays a vital 
role. It is important to realise that simulators can 
go beyond the laboratory and skill training in 
evaluating surgical performance as a whole.

Live models are very realistic, with compara-
ble anatomy, and provide an opportunity to mir-
ror real-life intraoperative complications. They 
are of course expensive and are restricted by ethi-
cal protocols, and they require technical input 
from anaesthetists.

Trainers often feel that VR simulators are very 
suitable for teaching. However a study evaluating 
trainee attitudes to simulation found a preference 
for live animal models over VR tools. The former 
were especially favoured by more senior trainees. 
Respondents deplored the lack of graphic realism 
and the quality of the forced feedback. Initially it 
was thought that there was no robust evidence 
that favours one tool over the other. However a 
Cochrane review reported slightly better results 
with VR compared to box training [15].

Regardless of the tools, short bursts/blocks of 
varied intensity and difficulty over a long period 
of weeks and months coupled with didactic and 
operating room experience appear to yield the 
best results.
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Medicolegal Aspects in Pediatric 
Minimally Invasive Surgery

Isabela Drăghici and Liviu Drăghici

9.1  Introduction

In recent years, a special aspect of medicine 
called “medicolegal aspects” has emerged and 
surprisingly developed. In pediatric surgery, this 
branch is more sensitive because of the patient 
whose life expectancy must be as close as 100%. 
No one will ever come to terms with the idea that 
for a child no matter how sick he is, “nothing can 
be done.”

We wanted to look at this delicate medical 
side with totally and totally special features, 
given the age of the patient. How should the 
problem be asked? How can the doctor or all the 
medical staff prove that he has done everything 
he/she has to do about the case? How can a guy 
who is judged by a forum that is not only a doctor 
can be blamed, both morally and physically? 
How can parents accept that the doctor has no 
fault? How can medical error be quantified? How 
can you share it on different degrees? Countless 
questions we will try to find answers to.

9.2  Discussions

The medical profession is considered to be one of 
the noblest professions in the world. The practice 
of medicine is capable of rendering noble service 
to humanity provided due care, sincerity, effi-
ciency, and professional skill are observed by the 
doctors. However, today, the patient-doctor rela-
tionship has almost diminished its fiduciary char-
acter and has become more formal and structured. 
Doctors are no longer regarded as infallible and 
beyond questioning. Corporatization of health-
care has made it like any other business, and the 
medical profession is increasingly being guided 
by the profit motive rather than that of service. 
On the other hand, a well-publicized malpractice 
case can ruin the doctor’s career and practice. 
The law, like medicine, is an inexact science. One 
cannot predict with certainty an outcome of cases 
many a time. It depends on the particular facts 
and circumstances of the case and also the per-
sonal notions of the judge concerned who is hear-
ing the case. The axiom “you learn from your 
mistakes” is too little honored in healthcare. The 
best way to handle medicolegal issues is by pre-
venting them [1].

Several years ago, a completely unknown pro-
fession until that time, the patient’s rights 
defender, came into being. He has legal training, 
but he specializes in medical aspect, he is trained 
in this respect, and he knows the medical and sur-
gical diseases. Thus, a new concept appeared, 
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malpraxis. This concept is very comprehensive, 
includes both medical and legal aspects, and 
involves both the doctor and the patient, as well 
as his lawyer.

We try to enumerate the preventive measures 
in safeguarding the doctor against negligence suit.

The potential for medical malpractice claims 
is one of the most troubling and frustrating situa-
tions. The physician is often unknowledgeable 
and poorly prepared for these events, with little 
emphasis on this aspect of medicine in either 
medical school or residency training [2].

Medical profession has its own ethical param-
eters and code of conduct. However, negligence 
by doctors has to be determined by judges who 
are not trained in medical science. They rely on 
experts’ opinion and decide on the basis of basic 
principles of reasonableness and prudence [1].

The level of negligence depends on the entire 
context—which includes the place, the time, the 
individuals involved, and the level of complica-
tions. The difference between medical negligence 
and medical error is well-settled, and the princi-
ples are well-founded being clearly laid down in 
numerous cases by the Supreme Court [1, 3].

There are countless reasons why a patient or, 
in the case of pediatric surgery, a doctor thinks 
that he or she has the right to claim a blame or 
medical negligence in his/her own opinion.

Patients sue because of a feeling that they 
were not heard, that their needs were not attended 
to, and that nobody seemed to care, and as a 
result, a bad outcome resulted due to a mistake or 
negligence [1, 4].

It is very important that the doctor maintains a 
better communication with both the patient and 
his or her patients. A patient (depending on his or 
her age and degree of understanding) or a patient 
has the right to be informed about what is hap-
pening to the person in question. The physician 
must have a more open relationship with the par-
ents and the patient. Regardless of the evolution 
of the case, parents will have much more under-
standing and respect for their physician if they 
have developed a professional relationship based 
on trust. If the doctor keeps a misunderstanding 
distance with the patient and his/her family and 

does not create some bridges between the two 
parties, there will always be a dose of distrust of 
the family in the that will generate suspicions, 
perhaps unintelligible.

It is important to let the patient and their care-
givers to know that as a treating doctor, their 
problems are understood [5]. It is a good practice 
to maintain eye contact while addressing the 
patient and put a comforting hand on the indi-
vidual’s arm (comforting touch) [1].

Communicate clearly and effectively. Take 
time to ensure your patient understands their 
diagnosis, treatment, and medication plans, and 
then check their understanding by asking them to 
explain it back. This ensures instructions are 
properly followed and demonstrates your care 
toward patient [1, 6].

It is also very important for the doctor to spend 
a good time with the patient and his/her family, 
explaining how best to understand all the diagno-
sis and treatment. The more the doctor spends 
more time communicating and empathizing with 
the family, the more the risk of being sued or sued.

The longer the quality time a physician spends 
with the patient, the less likely will that physician 
be sued [7].

A big gain in the doctor’s favor is the creation 
and dissection of a set of clinical guidelines. 
These are the fruit of the experience of many spe-
cialists and many years of experience and define 
a kind of “law” in the field of that specialty. They 
must be strictly observed, and their application 
should lead to the best result for the given case. 
Complying with these guides should cover the 
law with the doctor if he is held accountable for a 
possible medical fault.

Adherence to clinical guidelines is an effec-
tive way to improve quality care and reduce vari-
ation in care. Clinical guidelines have been 
systematically developed nationally and globally 
to assist clinical decision-making (practice of 
evidence-based medicine). In medical negligence 
claims and in court, these guidelines may act as a 
source of information, provided they are the 
product of a recognized body and are deemed 
reliable [8]. They can be seen as normative stan-
dards and are used as explicit standards of care at 
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the time of the index clinical event and also to 
assess the degree to which a questionable prac-
tice was in line with accepted standards [9].

Clinical guidelines are also based on specialist 
literature.

It is very important that everything that hap-
pens with the patient is recorded in the observa-
tion sheet. The doctor cannot and does not have 
to rely exclusively on memory, especially when 
the event took place long before a complaint was 
filed.

Regardless of the system used, the purpose of 
documentation, from a legal perspective, is 
always to accurately and completely record the 
care given to patients, as well as their response to 
that care. Documentation has legal credibility 
when it is contemporaneous, accurate, truthful, 
and appropriate [10].

Although the ethical obligation of providing 
the relevant information to patients is not new, 
the legal concept of informed consent is a devel-
opment over the past century. “Every human 
being of adult years and sound mind has a right to 
determine what shall be done with his own body; 
and a surgeon who performs an operation without 
his patient’s consent commits an insult for which 
he is liable in damages” [11].

For laparoscopic or open surgery, the physi-
cian needs to obtain informed consent from the 
patient. Because in pediatric surgery, the patient 
has not yet reached the age of 18, this consent 
should be given by one of the parents or, in case 
of unavailability, by a legal guardian.

Informed consent means that the patient’s 
family specifically consents to the proposed med-
ical procedure. Informed consent is more than 
just consent. For a patient to give informed con-
sent to a medical procedure, the healthcare pro-
vider must inform the patient’s family about all 
of the risks and complications that may reason-
ably occur during that procedure, however, minor 
they may be. Furthermore, the treating doctor 
should mention about alternative treatments 
available and what happens if no treatment is 
done. Only after a patient’s family is truly 
informed about the potential risks of a medical 
procedure can a patient give informed consent to 
the procedure [1, 12].

A legal duty exists in the patient-doctor rela-
tionship and is established when the surgeon 
undertakes an operation on a patient. The adop-
tion of new technology and surgical techniques 
will be inevitably associated with a learning 
curve and a potential for increase in complica-
tions [2].

McLean found that despite increased formal 
training during residency, the nature of injuries 
leading to malpractice litigation after laparo-
scopic cholecystectomy changed very little over 
time with persistence of bile duct (70%), bowel 
(10%), and vascular (10%) injuries [2, 13, 14]. It 
is important to note that over 80% of injures were 
missed and few cases (15%) were converted to 
open procedures. Other international reviews of 
malpractice cases in laparoscopic cholecystec-
tomy also stress the importance of (1) early iden-
tification of injury and (2) conversion when 
appropriate [15, 16]. What is also clear is the fact 
that the introduction of laparoscopic cholecystec-
tomy resulted in an increase of a previously 
uncommon complication, bile duct injury, but 
that nearly 25 years of experience has not further 
reduced this rate much below 1 in 200 cases (0.1–
0.5%) [17].

For laparoscopic and robotic operations, 
explicit mention should be made of injury to 
blood vessels, bowel, bladder, and other organs, 
as well as the potential need to convert to an open 
procedure in some cases [2].

The innumerable advantages of the minimally 
invasive technique versus the classic technique 
should be clearly explained to the parents when 
there is a clear indication for the laparoscopic 
variant. The indication must not be forced. All 
absolute or relative contraindications that prevent 
or complicate the application of the mini-invasive 
technique should be taken into account. Parents 
must be fully informed of all these aspects that, 
when they give their written consent, they will do 
so in full knowledge of the matter.

It is not necessary to minimize, but to explain 
in detail all the possible complications, incidents 
and intraoperative accidents that can occur, as 
well as the ways to solve them.

Despite the smaller incisions visible to the 
patients, it should be emphasized that minimally 
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invasive surgery still has major risks and that the 
underlying risks associated with the operation 
itself remain essentially unchanged when com-
pared with the corresponding open procedure. The 
minimally invasive approach does not necessarily 
equate with minimal risk or complications [2].

Patients should be given the opportunity to 
convert to open surgery as a way to complete the 
procedure in a safe manner, not as an abandon-
ment or failure of mini-invasive surgical 
technique.

The potential need for conversion to open pro-
cedure exists for any surgeon in all patients, and 
this fact should not be viewed as a complication 
nor as a failure [2].

The parents should not consider the coelio-
scopic procedure as an “experience” done to their 
child nor to consider that his non-application for 
objective reasons represents an inferiority of the 
surgeon.

Also, pediatric surgeons who do not perform 
laparoscopic techniques should inform parents 
about this, as well as the possibility for parents to 
change their doctor if they opt for a mini-invasive 
procedure.

In 2017, an international study conducted by 
Prof. Ciro Esposito (Italy) aimed to assess mal-
practice in pediatric minimally invasive surgery 
(MIS) and attitudes, prevention strategies, and 
mechanisms to support surgeons while they are 
under investigation. An observational, multicen-
tric, questionnaire-based study was conducted. 
The survey questionnaire was sent via mail, and 
it comprised four sections. Twenty-four pediat-
ric surgeons (average age 54.6 years), from 13 
different countries, participated in this study. 
The majority had >15  years of experience in 
MIS. Three (12.5%) surgeons reported a total of 
five malpractice claims regarding their MIS 
activity. The reasons for the claims were a post-
operative complication in 3/5 (60%) cases, a 
delayed/failed diagnosis in 1/5 (20%) cases, and 
the death of the patient in 1/5 (20%) cases. The 
claims concluded with the absolution of the sur-
geon in all cases and monetary compensation to 
the claimant in two (40%) cases. Eleven (45.8%) 
surgeons were invited as expert counsels in 

medicolegal actions. Medicolegal aspects have 
a minimal impact on the MIS activity of pediat-
ric surgeons. In this series, claims concluded 
with the absolution of the surgeon in all cases, 
but they had a negative effect on the surgeon’s 
reputation and finances. A key element in sup-
porting surgeons while they are under investiga-
tion is always to choose a surgeon who is an 
expert in pediatric MIS as legal counsel. A con-
stant update on innovations in pediatric MIS and 
appropriate professional liability insurance may 
also play a key role in reducing medicolegal 
consequences [17].

9.3  Conclusions

We must pay close attention to the forensic 
aspects of minimally invasive pediatric surgery, 
especially because of the patient whose life 
expectancy has to be very high. We have to apply 
the rules published in the clinical guidelines and 
to explain to the family all the details of both 
diagnosis and treatment and also the prognosis of 
the child’s illness.
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Multimedia Aspects of Pediatric 
Minimally Invasive Surgery

Modupeola Diyaolu and Todd A. Ponsky

10.1  Introduction

Prior to the twenty-first century, medical profes-
sionals, training residents, and medical students 
were reliant on textbooks, academic or institu-
tional conferences, and medical journals in order 
to remain up to date on the latest innovations in 
medicine. As the amount of information to be 
learned grew, physicians found themselves with a 
large amount of knowledge to digest with little 
time to do it. Eventually, as technology advanced, 
there was a shift to alternate forms of education 
which incorporated multimedia to enhance the 
learning experience. This created a chance for 
physicians to learn in an interactive, engaging, 
and hands-on manner and allowed them to remain 
up to date on current surgical technique, techno-
logical advances, and surgical education. In addi-
tion, by utilizing social media, physicians were 
able to network across the globe and share rele-
vant resources. In this chapter, different aspects 
of multimedia will be discussed as it pertains to 

the education and continued training of practic-
ing physicians.

10.2  Digital Textbooks

With increasing frequency there has been a tran-
sition from paper journals to digital, online jour-
nals. Some journals are exclusively available 
online, and this same process is occurring with 
textbooks [1]. With devices such as Amazon 
Kindle and iPads, textbooks can now be available 
in a compact, inexpensive, and efficient manner. 
Coran’s Pediatric Surgery, the Atlas of Pediatric 
Surgery, and Aschcraft’s Pediatric Surgery have 
online editions of their textbooks available [1, 2]. 
With functions such as searching for specific top-
ics or keywords, highlighting, note-taking, audio, 
and videos, digital textbooks have endless bene-
fits for pediatric surgeons who prefer textbooks 
as one of their main resources. Having a textbook 
available digitally allows a faster way to access 
pathophysiology, anatomy, and current surgical 
technique.

10.3  Video Libraries

For over 10 years, YouTube has been a one-stop 
website where individuals can find instructions 
or video clips to almost any topic. It provides a 
platform that can be reached worldwide in which 
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information can be shared and users can create 
specific channels that cater to particular interests. 
Individuals within pediatric surgery have created 
their own versions of video libraries where sur-
geons can view, learn, and submit videos. For 
example, the Journal of Laparoendoscopic and 
Advanced Surgical Techniques has an online 
video journal called Videoscopy which contains 
video demonstrations of the latest surgical tech-
niques and technologies. CSurgeries categorizes 
videos by surgical specialty, association, and 
vender allowing for an efficient and easy way to 
find specific surgeries, and Medtube.net offers 
free e-courses, access to journal articles, and vid-
eos of surgical operation.

The authors have developed a video library for 
pediatric surgeons at the website https://videoli-
brary.globalcastmd.com. This library contains 
“How I Do It” surgical technique videos, clips 
from pediatric surgical conferences, lectures, 
debates, and pertinent surgery article reviews 
(Fig. 10.1). This content is free to anyone with 
the purpose of democratizing pediatric surgical 
knowledge around the world.

The Hendren Project is another video library 
that is focused on pediatric surgery. According to 
their website, The Hendren Project’s mission is 
to “provide sponsor-supported digital resources 

that enable a global pediatric surgical community 
to help one another better serve children with 
complex surgical issues” [3]. They collect and 
categorize links to high-quality, current research 
and educational information by expert practicing 
pediatric surgeons. Some of the content includes 
conference presentations, content-specific links 
to major textbooks and journal publications, and 
links to podcasts and webinars. This project 
began with videos from Dr. Hardy Hendren’s 
own personal video library.

10.4  Online Resources

The American Pediatric Surgical Association 
(APSA) has multiple resources for pediatric sur-
geons to keep up to date and current on literature 
and education. The Pediatric Surgery Not a 
Texbook (NaT) is a comprehensive reference for 
general pediatric surgery that is written by pedi-
atric surgeons [4]. It is updated quarterly and is 
organized into clinical modules and learning 
objectives. It also contains high-resolution 
images, videos, and links to continuing medical 
education and medical literature. Surgeons are 
also able to submit feedback, comment on mate-
rial, and submit interesting cases.

Fig. 10.1 Videos organized by specialty and content

M. Diyaolu and T. A. Ponsky

http://medtube.net
https://videolibrary.globalcastmd.com
https://videolibrary.globalcastmd.com


79

Exam-based Pediatric surgery Educational 
Reference Tool (ExPERT) is also provided by the 
APSA. This tool is a continuing medical educa-
tion program that helps practicing pediatric sur-
geons review current evidence-based literature 
and incorporates it into patient care. Members 
receive two questions weekly to help retain infor-
mation presented, and there are self-assessments 
available that cover the core competencies of 
pediatric surgery. Users are able to create custom 
courses, but there are also pre-made courses [5].

The Standardized Toolbox for Education for 
Pediatric Surgery (STEPS) is for pediatric sur-
geon and senior residents to use for teaching. 
STEPS was designed by the APSA Education 
Committee and contains PowerPoint web-based 
teaching tools organized by modules. Each mod-
ule starts as a disease-based presentation which is 
ideal for group interactive learning. They should 
be used as an adjunct to study [5].

Resources such as UpToDate, AccessSurgery, 
ClinicalKey, and PubMed are essential to provid-
ing current and relevant peer-reviewed journals, 
review articles, and textbooks [6]. Many institu-
tions provide free access to these websites for 
employees.

10.5  Social Media

While there are disparities in healthcare, there 
should not be disparities in knowledge or current 
advantages in visual technology. Facebook has 
historically been used for entertainment pur-
poses, but it provides a unique opportunity for 
physicians to share knowledge. Medical knowl-
edge is exponentially expanding, and the number 
of pediatric surgery publications is drastically 
increasing making it very difficult for pediatric 
surgeons to keep up to date and be aware of the 
most important publications. It’s estimated that 
by 2020, cumulative knowledge will double 
every 73 days [4]. Currently, there are 2.5 million 
studies published each year, and it’s becoming 
increasingly difficult for individuals to know 
what to read [4]. By using social media, it’s pos-
sible to highlight critical articles and distribute 
them to a wider audience. Articles can be sum-

marized in a few key slides, and brief videos can 
be made that get to the crux of the information. In 
this form, the information becomes more digest-
ible and easier to assimilate.

The authors have utilized social media to help 
share the major points and conclusions of the best 
pediatric surgery articles as they are published. 
Two social media campaigns were started by the 
authors, The Journal of Pediatric Surgery and Stay 
Current in Pediatric Surgery. Given that the social 
media habits of pediatric surgeons vary widely, 
multiple channels were used to spread the infor-
mation such as Facebook, Twitter, YouTube, etc.

The Journal of Pediatric Surgery (JPS) 
Facebook page was launched in July 2016. Posts 
include links to newly published Journal of 
Pediatric Surgery articles, infographics, and 
video reviews of journal articles. JPS has a 
YouTube channel that was created in 2016. JPS 
Reviews contain video reviews of the top articles 
from the Journal of Pediatric Surgery. To date, 
the channel has over 160 subscribers. Each video 
is approximately 2-min long and breaks down 
journal articles into the essential components, 
themes, major takeaway points, and possible 
arguments for or against the article. By subscrib-
ing to this channel, notifications can be sent to 
your smartphone about when new videos are 
posted keeping up to date on content relatively 
effortless.

Currently, there are approximately 13,000 fol-
lowers of the Journal of Pediatric Surgery 
Facebook Page. There is also a private group of 
physicians only for surgeons to discuss issues 
privately. Stay Current in Pediatric Surgery also 
launched in 2016 and to date has over 1500 mem-
bers. It aims to provide educational material 
that’s interactive and can be shared with individu-
als all over the world.

10.6  Mobile Phone Applications

Given that there are multiple styles of learning 
and limited time for surgeons to read textbooks, 
the authors designed a mobile application that 
contains podcast which surgeons can listen to 
during downtime. Stay Current MD and Stay 
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Current in Surgery are two free mobile applica-
tions by GlobalCast MD which provide podcasts 
pertaining to medical education. Podcasts are 
available in a number of different specialties and 
are led by experts in their respective fields. Unlike 
most other podcasts which are meant to be lis-
tened to from start to finish, these podcasts are 
reference material. Therefore, the chapters are 
indexed so the users can choose specifically 
which subtopic they are curious about and fast 
forward directly to that spot in the podcast 
(Fig.  10.2). While some professionals learn by 
listening, others learn by reading or watching 
videos. These applications can be used in many 
different formats to supplement the resources 
from which pediatric surgeons are reading 
(Fig. 10.3).

Stay Current in Surgery was released in 2015 
and is available for Android and iOS. The new 
updated version, StayCurrent MD, was released 
in October 2017 which has a more rich video 
library consisting of over 700 videos but is only 
available in iOS at this point in time. Between 
April 2015 and May 2018, Stay Current in 
Surgery had over 5700 app units and over 14,000 
impressions, while Stay Current MD had 999 app 

units and 8155 impressions. Currently, there are a 
total of 29 podcasts for pediatric surgery. There 
have been over 70,000 podcast listens to date in 
over 50 countries.

The Stay Current mobile apps have been 
downloaded in countries such as China, Mexico, 
and the United Kingdom signaling that the appli-
cations have had a very broad reach. Podcasts 
have the luxury of being readily accessible at any 
time. Whether you are driving to work or waiting 
for an appointment, these apps are available for 
any downtime individuals may have. However, 
not only surgeons prefer to listen to information. 
Therefore, each podcast is accompanied by a text 
manuscript as well. Also, most topics also have 
associated videos.

10.7  Teleconferencing 
and Tele-education

Traditionally, physicians would travel to society 
conferences in order to stay abreast of surgical 
literature and to get an advanced look into new 
medical discoveries. While this was a viable 
option in the past, nowadays the cost of travel as 

Fig. 10.2 Stay Current 
in Pediatric Surgery 
podcast has ability to 
select which section to 
listen to of a given 
chapter

M. Diyaolu and T. A. Ponsky



81

well as the time needed to take off from work 
become barriers to attending conferences. 
Webinars were a temporary solution to these 
problems; however, they were akin to being lec-
tured at and were not engaging nor as effective as 
a live conference. In this day and age of “screen 
learning,” topics must be engaging and stimulat-
ing similar to how television and movies 
operate.

Teleconferencing has been utilized in many 
different applications such as in multidisciplinary 
teams like tumor board, inpatient and outpatient 
consultation, and rural trauma settings. 
Teleconference allows for practitioners located at 
different sites to communicate through video and 
audio. Not only is it relatively inexpensive; indi-
viduals find it an acceptable supplement to medi-
cal education. From medical students to 

postgraduates, and across medical fields, telecon-
ferencing has been comparable to having live 
instruction [6].

In South Africa, at the Division of Paediatric 
Surgery of University of Cape Town, Dr. Alp 
Nomanoglu has created a free web weekly con-
ferencing service that also discusses key topics in 
pediatric surgery via teleconferencing. The hard-
ware uses either ISDN or Internet Protocol (IP), 
and with increased availability of bandwidth, it’s 
possible to share PowerPoint presentation, opera-
tive videos, live web cam images, audio, draw-
ings, instant polls, and drawing boards. Programs 
such as Adobe Connect®, Web-Ex®, Skype®, and 
Vidyo® are all tools that can be used to broadcast. 
As of 2016, approximately 400 sessions have 
been conducted. A survey conducted revealed 
that in the past year, 90% of pediatric surgeons 

Fig. 10.3 Watch, learn, or read from a variety of different specialties on the Stay Current in Surgery App
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had been attending a web meeting, and over 90% 
of surgeons would be interested in watching sur-
gical videos with experts being able to answer 
questions immediately [7].

GlobalcastMD is a virtual conference service 
developed by the authors and provides cutting- 
edge, live, interactive video conferences on the 
most pertinent topics in pediatric surgery. These 
conferences are filmed and broadcast live around 
the world and are led by experts in the field. The 
audience is able to participate and interact with 
the experts by chatting or calling in the phone 
line with comments or questions. Not only is the 
audience able to communicate with the presenter 
and vice versa; they are also able to communicate 
with each other creating a rich and vibrant dia-
logue. To keep this content exciting and fast 
paced, most of these conferences are in the form 
of case presentations followed by audience poll-
ing and then interactive chat and discussions. By 
holding virtual conferences, you are able to effec-
tively reach a broader audience, bring physicians 
together making stronger contacts, and keep 
costs low (Fig. 10.4). These conferences are then 
available in the video library 1  week after the 
event. GlobalCastMD events are also archived 
and discussions can be continued online.

10.8  Telemedicine 
and Teleconsultation

Telemedicine evolved as a solution for rural or 
isolated regions to have access to physicians who 
are more experienced in dealing with complex or 
challenging medical cases [8–10]. Some formats 
used are real-time video conferences, mobile or 
cellular telemedicine, or a combination of both. In 
2017, Pandley et  al. investigated the use of 
WhatsApp within the Pediatric Surgery Division 
of the General Surgery Department at UP Rural 
Institute of Medical Sciences and Research in 
India. WhatsApp is a secure messaging, calling, 
and video calling application that uses Internet 
connection instead of mobile data. Individuals are 
able to send pictures, documents, and files through 
the system. In this study, since a pediatric surgeon 
was not always in the hospital, a group was cre-
ated in the app that included radiologists, resi-
dents, and consultants. All medical management 
decisions were made by the pediatric surgeon and 
were delegating through direct telephone commu-
nication. The patient was evaluated by the sur-
geon the following day. They found that there 
were no delays in diagnosis or management of 
patients while using this system [8].

Fig. 10.4 Live discussions with faculty
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In the United States, the Medical University of 
South Carolina designed a pilot program to con-
nect patients in their primary care physician 
office to subspecialist. Using a software technol-
ogy, called Jabber, carts composed of a desktop 
computer, flat screen monitor, and high-definition 
videoconferencing camera, and patients in rural 
areas were able to undergo consultations with 
pediatric surgeons who were located at an aca-
demic center [10]. Patients were scheduled dur-
ing the pediatric surgeon’s dedicated clinic time, 
and a full history was performed as well as a 
physical exam by a telepresenter (physician, phy-
sician extender, or nurse). While telemedicine 
has the potential to increase access to specialists 
for patients in rural area, Lesher and Shah noted 
that physicians need to be specifically licensed to 
provide telementoring services by the institution 
which employs them. In addition, the receiving 
clinic or hospital has to provide credentials to 
that physician for their services provided. Given 
how new this technology is, there are no estab-
lished federal standards. This means that policy is 
regulated by state laws and medical regulatory 
commissions. In terms of billing, some states 
have parity laws that require similar reimburse-
ment rates for professional services provided by 
telemedicine as an in-person encounter. This is 
not universal, however, and has the potential to 
create issues for those providing telemedicine 
services. Nevertheless, this telemedicine contin-
ues to be initiated and used in children’s hospitals 
across the United States.

10.9  Telementoring

As surgical residents, physicians are under the 
close supervision of an attending. Not only do 
residents foster a relationship with the attending; 
they also get consistent and detailed instruction 
on surgical technique and approach to numerous 
cases. Once a physician graduates residency, he 
or she relies on workshops, simulations, animal 
models, or even in-person proctors to learn new 
surgical technique. In specialties like pediatric 
surgery, where some cases are rarely performed, 
it becomes difficult to become proficient [11–

13]. Telementoring has emerged as an excellent 
resource that provides expert mentoring to phy-
sicians. Similar to teleconferencing and telemed-
icine, telementoring utilizes audiovisual 
communication to help guide inexperienced 
physicians through surgical, most often laparo-
scopic, cases. Mentors are able to see the 
patient’s anatomy, direct where to place instru-
ments and use telestration (drawing on a monitor 
which both physicians can see), robotic arms, 
and electrosurgical control to provide visual 
cues (Fig. 10.5) [6, 11–13].

Ponsky et al. discussed their experiences using 
the Karl Storz Endoscopy-America, Inc. 
VisitOR1 telementoring robot to perform a video- 
assisted left lower lobe resection, placement of 
temporary gastric stimulator, and laparoscopic 
inguinal hernia repair between pediatric surgeons 
at Akron Children’s Hospital in Akron, Ohio, and 
pediatric surgeons, general surgeons, and gastro-
enterologists at the Rocky Mountain Hospital for 
Children in Denver, Colorado, and University 
Hospital Case Medical Center in Cleveland, Ohio 
[13]. The mentor, an experienced pediatric sur-
geon who had performed numerous cases, used a 
laptop that connected directly to the telementor-
ing robot to provide internal and external views 
of the operation and allowed telestration. The 
mentees, who had performed 0 or 1 case, sited 
that the use of the robot was especially helpful 
with patient setup, trocar placement, and instruc-
tion of surgical technique [13]. There are mini-
mal to no adverse effects or complications using 
telementoring, and it has been shown that it does 
not increase operative time or complications [11–

Fig. 10.5 Telementoring from remote location with tele-
mentoring robot
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13]. Recently, newer, more cost-effective options 
are becoming available to allow telementoring 
even between hospitals in developing locations.

Bruns et al. expanded the use of surgical tele-
mentoring where pediatric surgeons at Akron 
Children’s Hospital and Rocky Mountain 
Hospital for Children used telementoring to 
guide pediatric surgeons in Paris, France, as they 
performed an interval laparoscopic appendec-
tomy and a thoracoscopic total thymectomy [12]. 
Similar to the previous study, there was high sat-
isfaction from the telementors and telementees 
and the use of telestration and laser pointer fea-
tures on the telementoring robot facilitated the 
operation. In the case of the appendectomy, the 
patient had a perforated appendicitis that had 
been treated with intravenous antibiotics and had 
developed a pelvic abscess that had been drained, 
however, had a retained fecalith, prior to the pro-
cedure. Telestration was especially beneficial 
identifying the appendix by pointing out the 
teniae of the cecum and following it to the base of 
the appendix. By using the laser pointer and 
telestration features, the mentor was able to pro-
vide tips and tricks to help facilitate the proce-
dure. During the thymectomy, the telementor was 
able to provide guidance on thoracoscopic tech-
nique and helped to identify key anatomic 
structures.

The use of this technology has obvious advan-
tages in terms of being able to reach and instruct 
a wide variety of surgeons who in any other cir-
cumstances would not have been able to have 
such a learning experience. With the group of 
surgeons who would profit the most being rural 
surgeons, they were surveyed about the possible 
benefits and applications of surgical telementor-
ing in their practices. The majority of surgeons 
responded that having surgical telementoring 
would be useful in their practice and the primary 
uses would be to learn new techniques or skill 
sets or help with unexpected intraoperative chal-
lenges [14].

Still in its infancy, telementoring is not yet 
widely known within the patient population. A 
survey about surgical telementoring was given to 

patient families in the pediatric surgery and gas-
troenterology clinic at Akron Children’s Hospital 
after having watched a 1-min video that described 
telemedicine and surgical telementoring. Out of 
129 people, about half would consider telemen-
toring for their child’s operation, and 58% would 
consider it for themselves [15]. The most com-
mon objection to surgical telementoring was con-
cern about the operating surgeon’s competence. 
It is suspected that as telementoring becomes 
commonplace and patients receive more educa-
tion on the topic that support for this surgical 
innovation will increase.

Some studies cite the cost of telementoring 
and the professional relationship between men-
tor and mentee as some concerns about adopting 
the practice. The latter is typically resolved with 
having the mentor and mentee meet or commu-
nicate prior to surgery in pretelementoring ses-
sions [11, 13]. In fact, a skill and acquisition 
model has been created to help practicing physi-
cians learn a new skill. The mentee first under-
goes a course or didactic instruction and then 
observes and assists the export, followed by per-
forming the case with the mentor observing or 
assisting. Afterward, telementoring is used for 
cases, which can slowly be escalated from the 
mentor being in the operating room to the men-
tor being at a different location. Lastly, via tele-
proctoring the mentor watches the mentee 
perform the case (Fig.  10.3). In terms of cost, 
Akron Children’s hospital was able to utilize 
iPads® (Apple, Cupertino, CA) over a secure 
connection. The mentor was still able to use the 
telestrator feature and have a high- definition 
feed of the operating room camera. Using this 
solution, they were able to significantly cut down 
on cost. While obtaining the software, the tele-
mentoring robot and the use of equipment can be 
expensive; this should be weighed against both 
the acquisition and improvement of surgical skill 
as well as the traveling cost, time, and expense of 
flying an expert to an institution for a period of 
time [13, 14]. In any case, telementoring has 
proven to be a rapidly evolving field in surgical 
education.
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10.10  Discussion

Within the field of medicine, education does not 
stop at residency. There are constantly new pro-
cedures, surgical techniques, and information 
that surgeons are required to know in order to 
continue to practice at a high standard of care. 
Telemedicine, teleconferencing, and telementor-
ing have allowed surgeons across the world to 
keep up to date on information within the surgi-
cal community. By engaging in interactive virtual 
conferences, physicians become an active partici-
pant in discussions allowing for a more complete 
experience and assimilation of information.

Social media has also proven to be a powerful 
resource for not only communicating with peers 
but also sharing information on a global scale. 
Between online resources, social media groups 
and mobile applications like Stay Current MD, 
physicians are able to tailor the quality and quan-
tity of resources they receive. In addition, with 
these applications physicians are able to capital-
ize on their time and focus on relevant and cur-
rent information within the pediatric surgery 
field.
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A Short History of the European 
Society of Paediatric Endoscopic 
Surgeons (ESPES)

Azad Najmaldin, Ciro Esposito, 
Philippe Montupet, and Henri Steyaert

During the late 1960s, well before their counter-
parts in adult surgery, Stephen Gans and George 
Berci anticipated the future of endoscopic surgery 
(minimal invasive surgery (MIS)) in infants and 
children would be promising. However, progress 
in the evolvement of this subspecialty remained 
slow, partly due to the minimal levels of politi-
cal and commercial interest this type of surgery 
attracts in a small speciality like paediatrics. 
Furthermore, surgery in children encompasses 
a wide variety of conditions in a wide range of 
patients of differing age groups and sizes.

With this in mind and sensing safety in num-
bers, the advantages of a dedicated scientific 
society brought together many paediatric sur-
geons from across Europe, who took the initia-
tive to establish their own National Paediatric 
Endoscopic Surgery groups and societies during 
the late 1990s. This included Societa Italiana di 
Videochirurgia Pediatrica (SIVI), Italy; British 
Association of Paediatric Endoscopic Surgeons 

(BAPES), the UK; and Groupe d’Etude en 
Coeliochirugie Infantile (GECI), French- 
speaking communities.

At the BAPES fourth Annual Congress 
in Leeds November 2003, Azad Najmaldin, 
President, successfully sought permission from 
the annual general meeting to hold every third 
BAPES Annual Congresses in a European City 
outside of the UK. The idea was to create a forum 
at which European talents, individuals and groups 
could exchange experiences and develop a col-
laborative scientific and training relationship. At 
that meeting, a leading figure of MIS in Europe 
and one of many BAPES members from out-
side the UK, Philippe Montupet, volunteered to 
host the first meeting in Paris the following year. 
After exchanging countless telephone calls and 
emails, Azad and Philippe, together with the help 
and support from BAPES executives and many 
individuals from all over Europe, arranged a joint 
meeting between BAPES and GECI in Paris dur-
ing 24–25 September 2004. This included free 
paper sessions, hands on laboratory and live 
operating workshops, as well as a truly plea-
surable “Seine” river boat cruise and an annual 
dinner. The meeting was attended by more than 
120 surgeons and trainee surgeons from all over 
Europe and beyond, as well as leading figures of 
MIS (Fig. 11.1). BAPES may have lost a sum of 
5000 Euros on this occasion, but the Congress 
certainly succeeded in achieving its scientific and 
political goals of gathering European paediatric 
MIS under one roof for the very first time.
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Fig. 11.1 BAPES 1st joint European Congress in Paris, September 2004
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Three years later the second European 
Collaborative Congress and workshop was hosted 
by Hasan Dogruyol in Istanbul between 7 and 10 

Oct 2007 (Fig.  11.2). This joint effort included 
BAPES, Turkish Association of Paediatric 
Surgeons and SIVI.

Fig. 11.2 BAPES 2nd Joint European Congress in Istanbul, October 2007
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The meeting was attended by more than 200 
delegates from Europe and beyond. The work-
shops were oversubscribed, and the feedbacks 
from delegates were very positive. On this occa-
sion BAPES shared a small fortune which helped 
fund future similar efforts. By then plans were 
already in advanced stages to hold the third 
European BAPES collaborative meeting in Berne 
3 years later.

During IPEG’s Annual Congress in Cannes 
June 2008, Oliver Reinberg and few of his col-
leagues from GECI invited Azad to address the 
idea of a pan European society to a French- 
speaking audience at an informal dinner in a beach 
restaurant. The political aspects of his reception 
met little if any enthusiasm; nonetheless the 
atmosphere stimulated a more than previously 
serious discussion amongst the French-speaking 
paediatric endoscopic surgeons.

In July of the same year, once again, Azad 
took the opportunity and presented his case for a 
European MIS society to several European small 
groups and prominent individual surgeons during 
the British Association of Paediatric Surgeon’s 
Annual Congress in Salamanca, Spain. Whilst 
many leant their full support and willingness to 
collaborate, few leading figures refused to support 
the idea. This was mainly due to the overarching 
opinion that an independent European paediatric 
society would inevitably mean there would be 
less influence for the already functioning non-
European or non-paediatric organisations.

By this point, the idea had been widely shared. 
In early 2010, Azad invited many leading sur-
geons and representatives of individual national 
groups and societies to a foundation meeting in 
Leeds. Whilst the majority agreed to meet, some 
still refused.

Around the same time, Manuel Lopez, then 
the President, and Gloria Pelizzo the local organ-
iser of that year’s Annual Congress of GECI in 
Venice invited Azad to address the audience at 
the Congress. The title of his speech was “The 
Need for a European Society of minimal inva-
sive surgeons”, and the date was 9 October 2010. 

After months of deliberations, it was agreed to 
stage the foundation meeting somewhere in or 
near Venice where GECI’s meeting was tak-
ing place. Fabio Chiarenza, Ciro Esposito and 
Luciano Musi volunteered to host the meeting.

At the GECI’s meeting, Azad’s lecture 
sparked a great deal of controversy and discus-
sion amongst the delegates, with the clear major-
ity being French-speaking, some Italians and 
a few other Europeans including British. Many 
opposed the idea for one reason or another, whilst 
others remained silent, but few nodded a sign of 
support. However, GECI’s influential figures 
decided to send several representatives to the 
planned foundation meeting on the following 
day.

On 10 October 2010, in a small meeting room 
in a small suburban hotel in Venice (Fig. 11.3), 
Azad Najmaldin led and was elected as the chair-
man of the meeting. Attendees included from the 
UK, Henrik Steinbrecher and Munther Haddad; 
Italy, Ciro Esposito, Fabio Chiarenza and 
Luciano Musi; Poland, Piotr Czanderna; Austria, 
Amir Haxhida; and French-speaking community, 
Manuel Lopez, Paul Philippe, Henri Steyaert, 
Mario Mendoza-Sagaon and Carlos Gine.

With a well-prepared agenda, the meeting 
attracted hours of heated discussion, often end-
ing in disagreement and a polarised atmosphere 
from few participants. The topics raised included 
name, structure, vision, mission and values of 
the new organisation. Also discussed was the 
importance of the leadership roles, transparency, 
research, education and training as well as inclu-
sion of all surgeons from all over Europe and 
our relationship with other European and inter-
national groups and societies. Azad was elected 
unanimously to lead the group and was given the 
task of writing the constitution. The group also 
proposed to plan for the first Congress the fol-
lowing year, jointly with either GECI in Tours 
or BAPES in London. It was proposed that the 
 second meeting of the “Foundation Group” 
would take place during the third European 
BAPES Congress in Berne the following month.

A. Najmaldin et al.
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Zacharias Zachariou hosted the third Joint 
BAPES, SIVI, Greek Association of Paediatric 
Surgeons in Berne on 15–17 Nov 2010 
(Fig.  11.4). This again turned out to be a truly 
successful, inclusive and pleasurable Congress 
with a full scientific programme, live operating 
workshop and a fantastic social programme. In 
between the busy hours of the Congress, official 
and unofficial discussions relating to the creation 
of the new European Society took place between 
the enthusiasts mainly from the UK and Italy led 
by Azad and Ciro.

The following months, further intensive nego-
tiations driven by Azad led to the foundation of 
the new society (Fig. 11.5).

 – Name: European Society of Paediatric 
Endoscopic Surgeons (ESPES).

 – The first (Inaugural) Congress was planned to 
be held jointly with BAPES in London.

 – ESPES logo was prepared by Ciro.
 – Henrick Steinecker on behalf of BAPES 

agreed to host the “Inaugural Congress” at no 
cost.

 – Ciro and Fabio on behalf of SIVI agreed to 
underwrite any loses if needed to the tune of 
3500 Eu.

 – A website was initiated by Ciro first and was 
later refined and run by Juan de Agustin.

 – A bank account was set up by Zacharias in 
Switzerland.

ESPES Inaugural (First) Congress took place 
as a joint meeting with BAPES between 2 and 
5 November 2011 at Chelsea Football Club, 
London (Fig.  11.6). The sessions included fan-
tastic key note lectures by eminent speakers, 
round table discussions with experts, free papers 
and posters and prizes for the best paper and idea. 
There were 95 abstract submission, 30% rejected, 
and the Congress was attended by few hundred 
delegates from 25 different European and non- 
European countries.

During the Congress on November 3, the first 
annual general meeting (assembly) was attended 
by 51 of 100 members and chaired by Azad. At 
this meeting aspects of the constitution, struc-
ture of the organisation, membership and future 
relationships were discussed. An executive team 
was elected for the offices in a friendly and 
democratic atmosphere. Azad Najmaldin was 
nominated and elected as the first President. 
Other executives were nominated and elected 
including Ciro Esposito Secretary, Amulya 
Saxena Treasurer, Juan de Augustin Webmaster, 
Piotr Czauderma Education Officer, Naved 
Alizai Research and Audit Officer and Fabio 
Chiarenza Guidelines Executive. The President 
then nominated special advisors to the society, 
namely, Philippe Montupet, Munther Hadad, 
Viladimir Cingel, Mauel Lopez and Zacharias 
Zachariou.

Within a few months, a comprehensive con-
stitution was written by Azad which was later 
debated at the second annual meeting in Naples 
and the subsequent year in Marseille. Soon 
ESPES became an internationally respected and 
a major force in the world of Paediatric MIS and 
new technology. Many have contributed hugely 
to this success over the years. Some are already 
identified by name within this short article, 

Fig. 11.3 The enthusiasts at the famous dinner on 10 
October 2010. From left Amir, Azad, Piotr, Fabio, 
Munther, Henrik, Ciro, Luciano
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whilst others will undoubtedly have their names 
included in future communications.

The second ESPES Congress was held in 
Naples in 2012 (Fig.  11.7). This was a major 
event during the maturity of the society, setting 
the momentum for the future of ESPES. Much 
credit went to the lead local organiser, Ciro. The 
third Annual Congress was held in Marseille 

(2013), fourth Bratislava (2014), fifth Bucharest 
(2015), sixth Madrid (2016) and seventh 
Wroclaw (2017). The meetings were all equally 
as successful and well attended, and by 2017 
the society’s membership exceeded 500 marks. 
We are now preparing for this year’s congress in 
Brussels which I am confident will be of a high 
standard.

Fig. 11.4 BAPES third joint European Congress in Berne, November 2010
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93

Fig. 11.5 Letter from Azad Najmaldin to all European Paediatric Surgeons
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Fig. 11.6 ESPES Inaugural (first) Congress held jointly with BAPES in London, November 2011
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Fig. 11.7 ESPES second Annual Meeting Naples, Italy Fig. 11.8 ESPES Executive Board at ESPES Bratislava 
Annual Meeting

During the 2014 Bratislava meeting, the 
well- known leader of MIS in Europe, Philippe 
Montupet, became the second President who 
ushered in many new changes to the life of 
ESPES (Fig.  11.8). Two years later another 
well- recognised European leading MIS trainer 
Ciro Esposito, famously known as Azad’s right 
hand man, was elected President at the Madrid 

Congress. Current President Henri Steyaert was 
elected at Wroclaw.

Being a technology-centred organisation, 
there will always be a future for ESPES. It’s cur-
rent and future success is in the hands of dedi-
cated members, particularly the new generation 
of paediatric surgeons.
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Anesthesia in Pediatric Minimally 
Invasive Surgery

Giuseppe Cortese, Costanza Tognon, 
Giuseppe Servillo, and Piergiorgio Gamba

12.1  Introduction

Minimally invasive surgery (MIS) may be 
selected for its speed, efficacy, and security. A 
minimally invasive approach improves surgi-
cal times, reduces the postoperative course, and 
guarantees a less traumatic recovery for a young 
patient. The continuing developments in pediat-
ric minimally invasive surgery represent a great 
challenge for anesthesiologists, who must have 
the necessary competence to cope with relatively 
new surgical situations [1]. The pneumoperi-
toneum produces important changes in cardio-
vascular and respiratory balance that must be 
recognized and managed. In addition, pediatric 
video-assisted thoracoscopic surgery has major 

physiological derangements that must be under-
stood to correctly perform a procedure; techni-
cal skills and familiarity with airway control and 
single lung ventilation are also required [2]. This 
chapter focuses on these issues in the pediatric 
patient, especially in infants and small children 
whose reactions to thoracic and laparoscopic sur-
gery are unique.

12.2  Laparoscopy

12.2.1  Introduction

In recent years, there has been an increasing 
interest in the use of MIS.  Laparoscopic and 
robotic approaches have become the standard of 
care for many surgical procedures. MIS offers 
several potential benefits, including the avoid-
ance of large incisions, less perioperative pain, 
earlier postoperative mobilization, shorter post-
operative ileus, and better cosmetic results. The 
anesthesiology management of pediatric patients 
in this operative setting is a new challenge for the 
anesthesiologist. Any benefits of laparoscopic 
surgery involve exposing the patient to physi-
ological changes. The changes in normal cardio- 
respiratory and metabolic physiology represent 
a potential problem. Minimally invasive surgery 
does not mean minimally invasive anesthesia.

Laparoscopy requires the formation of a work-
ing area in the peritoneal cavity by the  insufflation 
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of gas. Insufflated CO2 is rapidly absorbed across 
the peritoneum and increases total body CO2 
content, causing changes in many physiological 
parameters. Insufflation pressure of 4–12 mmHg 
is typically required for infants [3, 4]. Carbon 
dioxide is an incombustible and highly soluble 
gas that can cause excessive absorption, subcu-
taneous emphysema, intravascular emboliza-
tion, pneumothorax, and pneumo- mediastinum. 
Adequate management of surgical access and gas 
pressure in association with anesthesiology strat-
egies are able to reduce complications.

12.2.2  Physiological Effects 
of Laparoscopy

12.2.2.1  Respiratory System
The pneumoperitoneum is associated with 
an abdominal content shove (often in the 
Trendelenburg position), which determines the 
cephalad shift of the diaphragm. The total tho-
racic compliance and functional residual capac-
ity (FRC) decreases and the airway resistance 
increases (Table 12.1).

A decrease in arterial oxygenation has been 
reported in adult populations undergoing gyne-
cological surgery [5]. A reduction of FRC and 
atelectasis may produce a ventilation/perfusion 
mismatch with hypoxemia [3]. End-tidal CO2 
was reported to increase from a baseline value of 
33–42 mmHg during surgery if the ventilator set-
tings were not adjusted [6]. To restore end-tidal 
CO2 to baseline levels, an increase of the ventila-
tor rate over 30–60% is necessary [7]. More than 

90% of infants required at least one intervention 
to the ventilator pattern to restore tidal volume 
and end-tidal CO2 [8].

Rarely, respiratory changes negatively affect 
postoperative respiratory functional outcomes. 
Respiratory acidosis may occur in cases of poor 
preoperative respiratory function, or residual 
drugs may depress pulmonary drive.

12.2.2.2  Cardiovascular System
Cardiovascular changes may be caused by 
the pneumoperitoneum, the absorption of 
carbon dioxide, and a blood volume shift by 
positioning.

Several studies have evaluated cardiovascular 
changes using echocardiography during laparo-
scopic surgery. The cardiac index decreases by 
13% when the intra-abdominal pressure value 
reaches 12 mmHg [9]. Studies have reported an 
increase in mean arterial pressure (MAP), vascu-
lar resistance (SVR), and central venous pressure 
(CVP) with a decrease of stroke volume (SV) 
(Table 12.2).

An increase of intra-abdominal pressure (IAP) 
induces a neuroendocrine response with the 
spread of catecholamine and the activation of the 
angiotensin system. The result is an increase of 
MAP and SVR [10].

12.2.2.3  Fluid Balance
Plasma renin and aldosterone increase over base-
line values; these changes are similar to those in 
open surgery [11]. Decreased renal plasma flow 
and glomerular filtration pressure may produce 

Table 12.1 Respiratory system changes during 
laparoscopy

Parameters Change Causes
FRC Decrease Displacement of diaphragm, 

positioning
PO2 Decrease Atelectasis, preoperative 

respiratory function, 
hypoxia-induced 
vasoconstriction

Lung 
compliance

Decrease Elevation of diaphragm, 
increased intraabdominal 
pressure

PCO2 Increase CO2 absorption

Table 12.2 Cardiovascular system changes during 
laparoscopy

Parameter Changes Causes
SVR
MAP

Increase Hypercapnia, 
neuroendocrine 
response

Cardiac 
rhythm

Bradyarrhythmia or 
tachyarrhythmia

Peritoneal stretch, 
vagal reflex, 
hypoxia, hypercapnia

Cardiac 
index

Decrease or stable Increase in afterload, 
decrease in venous 
return
Positioning, decrease 
in cardiac filling
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a reduction in urine output. These alterations in 
healthy patients are well compensated. Permanent 
renal impairment is not evidenced [12].

12.2.2.4  Temperature
Exposure of the peritoneal cavity to a large vol-
ume of cold and non-humidified CO2 may con-
tribute to the development of hypothermia. The 
effects of hypothermia on the cardiovascular sys-
tem and the coagulation pattern remains a pos-
sibility during lengthy surgeries, especially in 
neonates.

12.2.2.5  Intracranial Pressure
Cerebral blood flow and intracranial pressure 
may be increased [13]. A study of adult patients 
during laparoscopy has shown that significant 
changes in cerebral oxygenation are uncom-
mon. Another study detected a similar trend in 
a pediatric population undergoing laparoscopic 
surgery [13].

12.2.2.6  Peritoneal Morphology
Carbon dioxide has local and systemic effects. 
A recent study was designed to evaluate the his-
topathologic changes on the visceral and perito-
neal peritoneum in rats during laparoscopy [14]. 
CO2 reacts with peritoneal fluid and reduces 
peritoneal pH, creating an acidic environment 
that limits the inflammatory response. The level 
of intra-abdominal pressure and the type of gas 
chosen produce different degrees of inflamma-
tion. Low pressure and CO2 cause minor changes 
in the peritoneum compared with high pressure 
and air insufflation. An increase in inflammatory 
cells is represented by eosinophils, mastocytes, 
and lymphocytes. No clinical modifications are 
known.

12.2.2.7  Intestinal Function
MIS is associated with faster postoperative 
rehabilitation compared with open surgery, 
including a rapid recovery of bowel function, 
a rapid removal of devices, and rapid mobiliza-
tion and pain relief [15]. In adult populations, 
studies have found that when patient-controlled 
analgesia and a traditional perioperative pro-
gram are used, a laparoscopic approach to colon 

surgery promotes earlier restoration of bowel 
function and more rapid hospital discharge in 
comparison to laparotomy [7, 12]. Studies of 
a minimally invasive approach to colon resec-
tion have shown that laparoscopy reduces the 
inflammatory response and the incidence of 
postoperative wound infection, thus facilitat-
ing the recovery process. Preoperative educa-
tion and optimization of patients’ health status, 
intraoperative attenuation of surgical stress, 
multimodal analgesia, enforced mobilization, 
and early oral nutrition, together with revisions 
to the traditional practice of surgical care, have 
been applied successfully [12].

12.2.3  Preoperative Assessment 
and Investigation

Each pediatric patient who undergoes anesthesia 
is different and requires an individual assessment 
and management. The spectrum of patients is 
broad and ranges from healthy children in elec-
tive surgery settings to newborns with many 
systemic diseases in emergency surgery. The 
principles of management are mostly similar to 
anesthesia in open surgery.

An anesthesiology evaluation should not 
be made on day of surgery, but far enough in 
advance to request for any examinations and 
allow adequate time for informed consent [10].

A complete physical examination and path-
ological anamnesis should be carried out to 
identify contraindications to laparoscopy, par-
ticularly heart disease or pulmonary dysfunc-
tion. Hydration status, pharmacological therapy, 
and allergies should be registered. The need for 
laboratory investigations depends on the general 
status of the patient. Laboratory examinations are 
valid for 6 months unless the patient’s clinical or 
pharmacological history changes. The neces-
sary blood tests for a pediatric patient who will 
undergo anesthesia are specified in Table  12.3. 
A preoperative electrocardiogram (ECG) is rec-
ommended. Routine thoracic radiography is not 
recommended.

Recommendations for fasting are the same 
as in adults, with the addition of guidelines 
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for breast milk and infant formula intake 
(Table  12.4). In some cases, a bowel prepara-
tion is suggested to optimize the working space 
during laparoscopy [9].

12.2.4  Premedication

The following preparation and setup for anesthe-
sia is recommended. The commonly used acro-
nym SOAPME is useful in planning and to check 
the ambient conditions before starting any proce-
dure [12]:

• S (suction)—size-appropriate suction 
catheters.

• O (oxygen)—adequate O2 supply and 
ventilator.

• A (airway)—size-appropriate airway equip-
ment (facial masks, laryngoscope blades, 
endotracheal and rhino-tracheal tubes, stylet, 
any devices for difficult airway management).

• P (pharmacy)—all basic drugs needed to sup-
port any phase of anesthesia.

• M (monitors)—pulse oximeter, ECG, non- 
invasive pressure, capnography, and stetho-
scope are always required; defibrillator 
periodically checked.

• E (equipment)—any special equipment or 
drugs for a particular case.

Premedication for anesthesia in children pre-
senting for MIS should not be different than that 
for other types of surgery. The choice depends on 
the patient’s anxiety level and overall physical 
status. Commonly, midazolam 0.5 mg/Kg orally 
half an hour before induction is a good choice. 
Midazolam rectally (0.5  mg/Kg), sublingually 
(0.3 mg/Kg), or nasally (0.3 mg/Kg) are alterna-
tive choices. Atropine or glycopyrrolate may be 
included in premedication to prevent the reflex 
bradycardia induced by abdominal insufflation 
and to dry secretions.

At least one venous catheter must be placed; an 
additional device is useful in cases where blood loss 
is expected. It is preferable to position the venous 
access above the diaphragm, as the pneumoperito-
neum may limit the entry of fluid and drugs into the 
central circulation. Eutectic mixture of local anes-
thetics (EMLA) should be applied before position-
ing the intravenous access to reduce pain.

The position of the patient during surgery may 
be quite extreme; therefore, areas prone to pres-
sure injury should be protected with specific pad-
ding (Fig. 12.1).

Each patient must be heated sufficiently (liq-
uids, ambient, devices), remembering that the 
newborn experiences maximum heat loss from 
the head and trunk.

Table 12.3 Recommended blood tests and 
examinations

Examinations Conditions
Electrolytes, hematocrit, 
hemoglobin, transaminase, 
glucose serum, complete 
blood count, creatinine, and 
white blood cell count

Common use (not 
mandatory)

Coagulation panel (partial 
thromboplastin time, 
prothrombin time, INR), 
platelet count, and blood 
type

Potential hemorrhagic 
surgery, anamnesis 
positive to coagulation 
problem

Pregnancy test Female patients of 
childbearing age

ECG From birth to 6 months 
old

Thorax radiography Risk of 
broncopulmonary 
dysplasia (BPD)

ECG and cardiographic 
examination

Risk of BPD, heart 
murmur, or obstructive 
sleep apnea

Table 12.4 Appropriate intake of food and liquids before 
anesthesia

Ingested material
Minimum fasting 
period, hours

Clear liquids: Water, fruit juice 
without pulp, clear tea, black 
coffee

2

Breast milk 4
Nonhuman milk 6
Light meal (toast and clear liquids) 6
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12.2.5  Anesthesia

The goals of anesthesia are to provide condi-
tions required for surgery and to rectify the 
 physiological status mutation. General anesthesia 
with neuromuscular block, intubation, and posi-
tive pressure ventilation is the anesthetic strat-
egy. A routine minimum standard of monitoring 
includes continuous ECG, automated non-inva-
sive blood pressure, pulse oximetry, capnogra-
phy, and temperature. However, capnography 
does not consistently reflect PaCO2, especially 
in infants, because the respiratory rate is usually 
faster and the arterial to end tidal CO2 gradient is 
variable.

Induction may be intravenous or inhala-
tional—the choice depends on the ability of the 
child to tolerate the placement of an intravenous 
catheter. Intravenous induction is preferred in 
older children. Propofol provides rapid induc-
tion, reduces intubation-related bronchospasm, 
and has an antiemetic effect. In cases of inha-
lational induction, desflurane is not preferred 
because it may produce coughing, airway irri-
tation, and possible laryngospasm. A protocol 

of rapid-sequence induction must be considered 
in children with high risk for regurgitation and 
pulmonary aspiration. H2-receptor antagonists, 
such as ranitidine, must be administrated in these 
patients.

After induction, an orogastric tube should be 
placed to decompress the stomach, reduce the risk 
of aspiration, and optimize surgical area visibility. 
Endotracheal intubation (ETI) is generally pre-
ferred to a supraglottic airway (SGA). An appro-
priately sized endotracheal uncuffed tube should 
be used in children younger than 8 years of age. 
However, an uncuffed tube makes positive pressure 
ventilation and airway safety difficult. Thus, ETI 
with minimum cuff inflation is preferred [14]. The 
potential benefits of this practice are better pulmo-
nary protection, improved ventilation in cases with 
affected pulmonary status, and less gas leakage.

Some authors have reported that the ven-
tilator efficacy of the Proseal laryngeal mask 
(LMA® (Laryngeal Mask Airway)) is compa-
rable to ventilation through an endotracheal 
tube [5]. Neuromuscular blockade is required to 
improve the surgical condition and intubation, 
using non- depolarizing agents (rocuronium at 

Fig. 12.1 An example of 
patient position during 
laparoscopic surgery
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a dose of 0.6–1.2  mg/Kg). A peripheral nerve 
stimulator should be used to monitor the degree 
of blockade.

The maintenance of anesthesia is gener-
ally conducted with a balanced technique that 
includes inhalation gases, intravenous opioids, 
and neuromuscular agents. The use of nitrous 
oxide (N2O) remains controversial because it 
may cause bowel distension, nausea, and vomit-
ing in the postoperative phase [11].

The major difference in anesthetic management 
between MIS and open surgery is connected to 
the cardiopulmonary effect of the pneumoperito-
neum. Most cases required controlled ventilation. 
In younger patients, pressure-controlled ventila-
tion is preferred to reduce the gas leak around the 
uncuffed tube. In all cases, with the help of modern 
ventilators, targeted volume is mandatory to pre-
vent lung barotrauma, volume trauma, and depres-
sive effects to the cardiovascular system. The 
strategy uses a target tidal volume in the range of 
6–7 mL/Kg; an increase in the ventilator frequency 
rate of approximately 30% is required to maintain 
normocarbia. The ideal ventilation strategy guaran-
tees an optimal arterial oxygen tension, acceptable 
arterial CO2, and protective airway pressure.

The requirement for perioperative fluids 
depends upon preoperative patient status, the 
patient’s age, and the nature and site of interven-
tion. Laparoscopic surgery is associated with less 
loss of corporeal fluids than open surgery; the goal 
is usually the maintenance of euvolemic status [7].

12.2.6  Postoperative Pain, Nausea, 
and Vomiting

Postoperative pain is the result of port insertion in 
the abdominal wall, irritation of the phrenic nerve, 
and distention of the peritoneum (Fig.  12.2); its 
intensity persists for 24 h. The multimodal regi-
men of local anesthetic infiltration to incision 
sites, opioids, nonsteroidal anti- inflammatory 
drugs, and paracetamol reduces the incidence of 
substantial pain. An example of this approach is 
the intraoperative administration of intravenous 
(iv) fentanyl (1–2 y/Kg), iv paracetamol (15 mg/
Kg), iv morphine (0.1  mg/Kg), and iv ketorolac 

(0.5 mg/Kg) [6]. Intravenous or oral paracetamol 
is the drug of choice to treat postoperative pain. 
Laparoscopy has been identified as a risk factor 
for postoperative nausea and vomiting; therefore, 
routine prophylactic antiemetic therapy should 
be administrated. Dexamethasone is superior to 
ondansetron in preventing postoperative nausea 
after 4–6  h of laparoscopic surgeries. However, 
both drugs are of equal efficacy in preventing post-
operative vomiting up to 24 h after surgery [11].

12.2.7  Complications

Complications during laparoscopic surgery can 
be classified into three categories:

 1. Effects on hemodynamic and respiratory sta-
tus (e.g., hypotension, hypoxemia, hypercar-
bia, gas embolism).

 2. Surgical maneuvers related risk (e.g., pneu-
mothorax, vessel lesion, ureter lesion).

 3. Patient positioning (e.g., cerebral edema, 
pressure ulcers, nerve injuries).

The anesthesiologist must prevent and be ready 
for the quick treatment of potential complications. 

Fig. 12.2 Abdomen view after loss of pneumoperito-
neum in the final time of the surgery

G. Cortese et al.



103

It is necessary to control the peak IAP, the grade of 
stomach deflation, and all changes in respiratory 
and cardiovascular parameters. In cases of refrac-
tory respiratory distress or hemodynamic instabil-
ity, it may be necessary to convert the intervention 
to open access. Post-anesthesia recovery usually 
occurs with no complications, if the patient has 
no previous compromised physical status. Venous 
gas embolism is common during laparoscopy, but 
it is almost always subclinical and does not impair 
a patient’s healthy status. Rarely, carbon dioxide 
embolism into an artery or large vein may be a 
potentially fatal complication. Its clinical presen-
tation is characterized by cardiovascular collapse 
(a sudden drop in end-tidal CO2, collapse of oxy-
gen saturation, fall in blood pressure, and differ-
ent arrhythmias) and, depending on the size of 
the embolus, even death. Life- saving maneuvers 
include the aspiration of gas through the central 
vein catheter, placement into Durant’s position, 
and cardiopulmonary resuscitation.

12.2.8  Conclusions

Minimally invasive surgery has advantages in 
terms of speed, postoperative recovery time, pain 
control, and patient satisfaction. However, anes-
thesia associated with the changes brought about 
by the pneumoperitoneum may cause issues if 
not properly handled. It is therefore necessary to 
continue the cooperation and research between 
surgeons and anesthesiologists to ensure the best 
standards of care for pediatric patients. In recent 
years, some laparoscopic surgeries in the adult 
population have used epidural or spinal anesthe-
sia with excellent results. In the future, it is hoped 
that MIS anesthesia management achieves inter-
national scientific validation, backed by a grow-
ing number of randomized controlled trials.

12.3  Thoracoscopy

12.3.1  Introduction

Video-assisted thoracoscopic surgery (VATS) 
has an ever-increasing number of indications for 

the pediatric patient. Its minimal invasiveness 
implies provides known benefits in terms of bet-
ter cosmetic results, faster recovery, decreased 
length of hospital stay, and significant reduc-
tion of postoperative pain [16, 17]. This surgical 
choice led anesthesiologists to change their usual 
anesthetic technique: indeed, a thoracotomy does 
not always require lung separation and collapse in 
infants [18]. Moreover, the placement of a peri-
dural catheter is a common choice in our expe-
rience and is usually performed before surgery 
when a thoracotomy is planned, but it is rarely 
justified in VATS. This approach assures optimal 
analgesia during and after open surgery with a 
lower dosage of drugs; in VATS, local anesthetic 
drugs have a limited role during surgery [19].

One-lung ventilation (OLV), although not 
mandatory in pediatric thoracic endoscopic sur-
gery [20–22], is very important for the success 
of VATS and the reduction of the rate of conver-
sion to open surgery because it provides optimal 
exposure of the surgical field. Many studies have 
found that non-optimal exposure of the surgical 
field is a frequent cause of conversion to open 
surgery [20–23] and that anesthetic management 
has a big impact on the successful performance 
of VATS [16, 24]. Moreover, it assures protection 
from contamination of the healthy, dependent 
lung. Small children often do not tolerate OLV; 
in these cases, VATS may be performed with con-
ventional ventilation and insufflation of low-flow, 
low-pressure carbon dioxide (CO2) on the opera-
tive side, with comparable results [22].

The achievement of reliable separation 
between the lungs is very different in infants, 
small children, and adolescents. In the latter, the 
separate control of airway does not substantially 
differ from adults; however, difficulties arise in 
small children whose different airway anatomy 
and respiratory physiology have to be well 
understood by anesthesiologists. These aspects 
are essential to prevent complications and even-
tually to treat them. In the same way, technical 
skill with all the available tools is mandatory for 
airway management. Sharing the planned pro-
cedure with the nursing staff and defining their 
respective roles are recommended for the safe 
and effective conduct of anesthesia and surgery.
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12.3.2  Anatomical Peculiarities 
of the Airway of Small 
Children

The small diameter of the infant’s airway explains 
many of the problems that might occur during 
OLV. The narrow superior airway is the princi-
pal factor in the choice of the tracheal intubation 
technique; this choice affects the quality of lung 
exclusion and the potential duration and success 
of thoracic endoscopic surgery. The tracheal and 
bronchial mucosa might suffer damage during 
intubation because of the decubitus of the blocker 
balloon (BB) [16]. A displacement of the tracheal 
tube or of the BB can occur during a change in 
the decubitus position or during surgery because 
the infant’s airway is very short. The peripheral 
airway might close in the dependent lung because 
the functional residual capacity is closer to the 
residual volume, and atelectasis ensues. A small 
lumen is easily obstructed by blood or secretions. 
Every manipulation of the tracheal tube, airway, 
and BB is potentially dangerous.

The technical skills required for the manage-
ment of OLV in infants are of great relevance.

12.3.3  Physiology of OLV 
and the Lateral Decubitus 
Position in Infants

In adults and children under normal conditions, 
respiratory exchanges are optimal if ventilation 
(V) and perfusion (Q) are well matched. During 
OLV, the V/Q ratio is increased—that is, the 
intrapulmonary shunt is increased, with detri-
mental effects on oxygen exchanges. This effect 
is due to several factors: diaphragmatic push-
ing, lung compression by mediastinal structures, 
abdominal viscera, and rolls placed under the 
thorax to obtain the correct patient position and 
better exposure. Moreover, a decrease of residual 
functional capacity and tidal volume, general 
anesthesia, surgical maneuvers, and mechani-
cal ventilation are other factors promoting V/Q 
mismatch.

There is a physiological mechanism that can 
decrease this negative effect: the hypoxic pul-

monary vasoconstriction (HPV). The pulmonary 
vasoconstriction shifts the blood circulation away 
from lung areas where the ventilation is poor or 
absent to the well-ventilated lung. When the lung 
is collapsed, a large share of the blood is diverted 
toward the dependent lung, but a small share 
remains in the non-ventilated lung and is not oxy-
genated. Although these events occur in adults 
and children, the lateral decubitus position has 
negative effects on V/Q mismatch only in chil-
dren. An adult in the lateral decubitus position 
does not experience serious difficulties because 
their rib cage is rigid; the hydrostatic pressure 
gradient between the lungs and the gravity pres-
sure are higher than in small children. The diver-
sion of the blood circulation from the diseased 
lung to the healthy, dependent lung is more diffi-
cult in children than in adults. Children have soft 
rib cages and lungs: the dependent hemithorax is 
compressed by the lateral decubitus position and 
by the chest rolls placed under the thoracic cage; 
the lung compliance of the dependent, healthy, 
ventilated lung decreases and hypoxia ensues 
[25–27]. These events make small children prone 
to hypoxia. For this reason, it is essential to main-
tain the possibility of ventilating both lungs dur-
ing the whole procedure.

12.3.4  Techniques for OLV in Infants 
and Small Children

The decreased airway size in infants excludes 
the choices of double-lumen endobronchial 
tubes and Univent tubes (Fuji Systems Corp., 
Tokyo), which are too large for small children. 
Only two options are possible: selective main-
stem intubation and an endobronchial blocker 
[16, 21–23, 28, 29].

12.3.4.1  Selective Mainstream 
Intubation

Selective bronchial intubation with a single- 
lumen tracheal tube is the simplest and least 
expensive way to achieve OLV in infants. The 
tube must be a half-size smaller than is suitable 
for tracheal intubation. The right bronchial inser-
tion is very easy and the auscultation of breath 
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sounds is adequate to control the tube position. 
The blind left bronchial insertion is more diffi-
cult for anatomical reasons; some approaches to 
solve the problem have been described based on 
the manipulation of the head and neck [24, 28]. 
However, in our opinion, blind left bronchus 
intubation is not advised. Instead, guidance of 
the tube and the control of its correct position 
with a fiber-optical bronchoscope (FOB) are rec-
ommended. A suitable FOB size for infants is 
2.2 mm OD or less.

The tube can be cuffed or uncuffed; a cuffed 
tube, when compatible, gives a better seal and 
satisfying lung collapse. In the case of left lung 
surgery, the placement of the tube in the right 
main bronchus will cause the exclusion of the 
upper lobe bronchus, with subsequent atelecta-
sis of the upper right lobe and hypoxia. For this 
reason, right bronchial intubation is not recom-
mended [30]. The problems occurring with selec-
tive bronchial intubation are poor lung isolation 
and difficulty in quickly re-establishing double- 
lung ventilation (DLV) if hypoxia should develop 
during surgery, because tube manipulation under 
the surgical drapes is very dangerous. Moreover, 
if main bronchus intubation does not give a 
completely effective bronchus occlusion, it will 
be necessary to achieve lung collapse with an 
intrapleural insufflation of CO2. CO2 is absorbed 

into the blood circulation, and this event can be 
responsible for the development of hypercapnia 
and acidosis [16, 24, 30].

12.3.4.2  Bronchial Blocker
In the 1970s a Fogarty embolectomy catheter was 
used as a bronchial blocker (BB); a 3-Fr Fogarty 
inserted outside the tracheal tube was considered 
to be suitable for OLV in infants. However, a low- 
volume, high-pressure balloon can cause damage 
to the bronchial mucosa. Moreover, this catheter 
does not have an internal lumen [23]. A 5-Fr Arndt 
endobronchial blocker (Cook, Bloomington, IN, 
USA) represents an improvement in the research 
for a balloon-tipped catheter that is suitable for 
infants; it has a high-volume, low-pressure bal-
loon; an internal lumen containing a flexible wire 
stylet with a loop at its end; and a special adap-
tor (Arndt Multiport Airway Adapter) with three 
ports: one of them accommodating the BB, the 
second one the FOB, and the third one the con-
nector for the ventilation circuit (Figs. 12.3 and 
12.4). This adaptor allows the continuation of 
infant’s ventilation during the whole procedure.

The infant trachea does not allow the insertion 
of a tracheal tube large enough to accommodate 
the BB and FOB within in; thus, the 5-Fr Arndt 
blocker is inserted through its port in the adaptor 
before the tracheal tube, thus remaining outside 

Fig. 12.3 Fiber-optic 
bronchoscope (FOB) tip 
inside the Arndt bronchial 
blocker (BB) loop
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of the tracheal tube. In this way, the extraluminal 
placement of the blocker leaves more room for 
ventilation. The FOB is then inserted through its 
port; the FOB tip must pass through the blocker 
loop and advance into the mainstem bronchus, 
which must be blocked. Then, the balloon is 
slowly inflated under FOB direct vision with 
small volumes of air, depending on the size of 
the BB. At this point, the FOB may be removed. 
Lung auscultation will confirm the silence of 
breath on the blocked side.

It is suggested to check the correct position of 
the balloon in the bronchus after turning the child 
from the supine to lateral position, to exclude 
the dislodgment of the BB.  Some authors sug-
gest placing the BB when the child is already in 
the lateral position [31]. After checking the cor-
rect position and inflation of the BB balloon, the 
wire guide must be removed to leave the channel 
available for the lung deflation, aspiration, and 
oxygen delivery.

The BB allows effective collapse of the dis-
eased lung and isolation of the healthy lung; 
moreover, it allows for a quick switch from OLV 

to DLV when necessary. The insertion procedure 
must be made with extreme care to avoid compli-
cations, such as dislodgment of the balloon into 
the trachea or airway injury.

12.3.5  Techniques for OLV 
in Children and Adolescents

OLV is faster and easier in children over 6 years 
of age and usually better tolerated.

The Univent tube (Fuji System Corp.) is a 
cuffed, single-lumen endotracheal tube made up 
of two separate channels: the main channel is 
used for ventilation, whereas the other channel 
is inside the BB. The BB is movable; by rotat-
ing the tube, the BB can be advanced in either 
right or left bronchus, usually with FOB guid-
ance. The BB is hollow; through its lumen, air 
can be removed to aid the blocked lung deflation 
and can be used to insufflate oxygen or suction 
the operated lung. The advantage of the Univent 
tube is that the BB is firmly attached to the main 
endotracheal tube, which means that its displace-
ment is less likely than with other options. The 
disadvantages are an outer diameter that is very 
large compared with the inner diameter: an inner 
lumen of 3.5 mm corresponds to an outer diam-
eter of 7.5–8 mm (the cross-section of this tube 
is oval). Therefore, this endotracheal tube can be 
used only in children of 6 years of age or older. 
Moreover, the BB balloon has low-volume, high- 
pressure properties, so mucosal injuries can 
occur.

Currently, Robertshaw tubes (Ruesch, 
Teleflex Medical Inc.) are the preferred double-
lumen endotracheal tubes for older children and 
adolescents. They are designed to fit a patient’s 
anatomy in both left and right versions. The 
right version has a side hole for the right upper 
lobe. However, to avoid the risk of its obstruc-
tion, left bronchial tube placement is recom-
mended whenever possible [21]. They do not 
have a carinal hook. The cuff has high-volume, 
low pressure properties. The smallest size avail-
able is 26 Fr, which can be used for children from 
8 years of age. The technique for insertion is the 
same as in an adult, with an FOB guide for a cor-
rect  placement. The inner diameter of the 26-Fr 

Fig. 12.4 View of the bronchial blocker (BB) inside its 
dedicated path in the multiport airway adapter
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size is 3.4 mm, which can accommodate a FOB 
of 2.2  mm OD.  Displacement of double-lumen 
tubes is less likely compared to BB, and conver-
sion from OLV to DLV can be performed easily.

12.3.6  Preoperative Assessment

The preoperative assessment depends mainly on 
the patient’s age and health status. A pediatric 
surgery patient may be a newborn with esopha-
geal atresia or congenital diaphragmatic hernia, 
an infant in very good condition with a congeni-
tal cystic adenomatoid malformation, or a child 
with an oncologic disease either at its onset or 
after multiple series of chemotherapy and sur-
gical procedures. For a healthy patient, the pre-
operative evaluation may be based only on an 
accurate medical history, a physical examination, 
and a review of tests when required. However, in 
a seriously ill child, a thorough assessment must 
also include blood tests and instrumental investi-
gations. Usually, these children have recent tests 
and many assessments in their medical history; 
it is not necessary to perform them again if the 
results are compatible with anesthetic technique, 
surgery, and OLV and no therapeutic changes 
have been performed. The availability of blood 
transfusion has to be assured.

12.3.7  Informed Consent

The anesthesiologist should be very clear and 
exhaustive in providing information. Although 
some surgeons might minimize the procedure 
(“only three small holes”), parents must know 
that, along with the benefits, there are also some 
risks, whose frequency and severity must be 
explained. Minimally invasive surgery does not 
mean minimal risk [32, 33].

12.3.8  Pre-Anesthesia

Pre-anesthesia is not always necessary, such as 
when the child goes into the operating room with 
one parent, as has been our practice for many 
years. However, many children may benefit from 

it in particular situations, such as children who 
have undergone multiple procedures or wth very 
anxious parents who are unable to reassure their 
child. Oral midazolam, 0.3–0.5 mg/Kg, is a very 
common choice. When intravenous anesthetic 
induction is used and the child does not have 
venous access already placed, the use of anes-
thetic EMLA cream can be very helpful.

12.3.9  Anesthetic Technique

Both inhalation and intravenous techniques 
have been described for the anesthesia of chil-
dren undergoing VATS. Inhalational agents may 
inhibit the HPV and be responsible for an intra-
pulmonary shunt increase and hypoxia; however, 
a Cochrane database review did not indicate any 
differences in outcomes between intravenous 
and inhalational agents [34]. This conclusion has 
been confirmed by other authors [32, 33].

A large bore intravenous catheter is manda-
tory because the time necessary to stop bleed-
ing from a large vessel is longer in VATS than in 
open surgery [33].

Mechanical ventilation for OLV is based on 
low tidal volume (<10 mL/Kg), respiratory fre-
quency, which is slightly increased in compari-
son with the usual frequency for the child’s age 
and insufflation of air/oxygen.

The methods available to support respiratory 
exchanges during OLV and prevent atelectasis 
and hypoxia are intermittent or continuous posi-
tive airway pressure applied to the non-ventilated 
lung and intermittent insufflations to both lungs. 
Transient hypoxia occurs frequently during OLV 
and thoracic surgery; a dislodgement of the tra-
cheal tube or of the BB has to be checked and 
adjusted. If hypoxia still persists, a higher oxy-
gen fraction is recommended.

Electrocardiography, non-invasive blood pres-
sure, pulse oximetry, end-tidal CO2 (EtCO2) con-
centration, inhaled volatile agent concentration, 
and body temperature are standard monitoring of 
infants undergoing VATS.

Infants and small children are prone to hypo-
thermia during anesthesia, especially during 
anesthesia induction and settlement in the right 
position; it is not clear yet if thoracoscopy is 
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responsible for hypothermia or hyperthermia 
[24]. In any case, the temperature should be mon-
itored as in all lengthy surgical procedures per-
formed in children and be maintained by warm 
forced-air devices and warm ventilation gases.

Nitrous oxide (N2O) is usually used dur-
ing induction of anesthesia with volatile agents 
because it increases the speed of induction. 
However, its interruption is recommended dur-
ing the maintenance of anesthesia because of its 
physical property of diffusion into closed spaces 
full of air. These spaces increase in volume and 
this effect can be dangerous; the tracheal and 
bronchial cuff pressure can cause mucosal inju-
ries. The intra-cuff pressure should be checked 
intermittently when N2O is used. A safer alterna-
tive is the use of saline instead of air to inflate the 
tube cuffs.

Some authors recommend the placement of an 
arterial line to control blood gas values [30, 35]. 
Others think that it is not necessary in healthy 
children and short (<30 min of OLV) procedure 
times [32]. Hypercarbia can occur during VATS 
due to hypoventilation, V/P mismatching, and 
absorption of CO2 insufflated into the chest when 
the seal of the bronchial tube is not reliable [30]. 
Non-invasive monitoring cannot detect the real 
amount of the arterial CO2 value because of the 
discrepancy existing between EtCO2 and arte-
rial CO2: EtCO2 underestimates the CO2 arterial 
pressure. The difference is due to increased phys-
iologic dead space. Nevertheless, continuous cap-
nography is very helpful for detecting ventilation 
problems: changes in the EtCO2 waveform occur 
early when tube or BB displacement and gas 
exchange problems happen. Moderate hypercar-
bia can be accepted, provided that oxygen satura-
tion is adequate. When CO2 is persistently high, 
acidosis occurs; ventilation must be adjusted by 
increasing the minute ventilation in the ventilated 
lung and re-establishing DLV if necessary [29].

12.3.10  Postoperative Pain

Although thoracotomy requires 2–3  days of 
analgesia, pain resulting from thoracoscopic 
surgery is of shorter duration and less relevant, 

probably due to the low invasiveness of the pro-
cedure and the reduced need for a chest tube. 
Pain can be prevented by the preemptive anal-
gesia principle; the injection of a topical anes-
thetic agent in the port sites is an easy way to 
prevent and reduce pain. Multimodal analge-
sia is the best way to achieve excellent results 
and to reduce the side effects of every single 
agent. The choice of analgesic drugs depends 
on the patient’s age. Newborns and infants are 
more susceptible to the collateral effects of opi-
oids, but their pain is usually well controlled 
by paracetamol. Older children can have a 
continuous or single-shot paravertebral block 
or a continuous intrapleural infusion of local 
anesthetic agents. We place the paravertebral 
catheter at the end of the surgery but before the 
camera removal, in order to see every step of 
the procedure and the correct placement of the 
catheter (Figs.  12.5 and 12.6), or we place it 
under ultrasound guidance.

An epidural catheter is advised when VATS 
has to be converted to open surgery; its place-
ment can be performed at the end of surgery. 
Several adjuvant drugs can be added to local 
anesthetic agents, as opioids or alpha-agonist 
drugs.

Patient-controlled analgesia can be a solution 
in older children, either as a unique analgesic 
technique or added to regional anesthesia.

Fig. 12.5 Performance of a paravertebral block under 
direct view
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12.3.11  Conclusions

Some items are mandatory for the feasibility and 
safety of VATS with OLV in children: knowl-
edge of the anatomic and physiologic peculiari-
ties of younger children; an understanding of the 
respiratory derangement caused by OLV, the lat-
eral decubitus position, and general anesthesia; 
a familiarity with all available devices; and the 
importance of a quick conversion to DLV if nec-
essary. Furthermore, coordination of the whole 
procedure with surgeons and nursing personnel is 
essential for the successful management of these 
patients.
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Thoracoscopic Lung Biopsy

Gloria Pelizzo

13.1  Introduction

Recent advances in endoscopic surgery technology 
and techniques have dramatically transformed and 
ameliorated this approach to intrathoracic lesions 
in the paediatric patient. The anatomy of the thorax 
with its rigid rib cage and collapsible lung render it 
ideally suited to endoscopic procedures [1].

The thoracoscopic technique was first 
described in the early twentieth century and was 
first applied in children in the mid-1970s [2, 3]. 
With the advent of minimally invasive surgery 
over the last few decades, thoracoscopic lung 
biopsy has become the gold standard and is pref-
erable to the open procedure [4, 5]. This approach 
is less invasive, minimizes morbidity and visual-
izes a greater percentage of the lung. Patients 
have less postoperative pain, a shorter hospital 
stay and a better cosmetic outcome. Additionally, 
musculoskeletal sequelae, associated with thora-
cotomy, can be circumvented [3].

Due to advancements in this surgical tech-
nique and perioperative care, thoracoscopic lung 
biopsy has also become feasible in small infants 
[3, 5, 6]. Nevertheless, the risk of complications 
should not be underestimated and should be 
weighed carefully against the benefits [6].

In this chapter, we describe the indications 
and contraindications and technical approach to 
thoracoscopic lung biopsy in children.

13.2  Indications

Lung biopsy for either diffuse or localized pro-
cesses is a common indication for thoracoscopy 
[4, 7–9]. Diagnostic thoracoscopic interventions 
include wedge biopsies of solitary lung lesions, 
excision and/or biopsy of pulmonary masses, 
wedge biopsies of diffuse lung parenchymal dis-
ease and exploration for trauma.

In Table 13.1, the indications for thoracoscopic 
lung biopsy in immunocompetent and immuno-
compromised children are reported.
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Table 13.1 Indications for thoracoscopic lung biopsy in 
children

Indications
Interstitial lung disease in the immunocompromised 
patient
Diffuse parenchymal lung disease
Pulmonary masses associated with malignancies
Refractory pleural lesion diseases
Pulmonary hydatid cysts larger than 5 cm
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13.3  Contraindications

Thoracoscopy is a safe procedure, with only a 
few absolute and relative contraindications 
(Table 13.2). An important absolute contraindica-
tion is the lack of pleural space resulting from 
extensive adhesions of the pleural layer, since it 
is impossible to carry out the procedure if the 
pleural space has been obliterated [6].

13.4  Preoperative Preparation

A full patient workup should be made to deter-
mine general anaesthesia tolerance [3]. Besides 
a detailed history, a thorough physical examina-
tion is a vital component of a pre-thoracoscopic 
evaluation. The patient’s respiratory status must 
be evaluated, at a minimum, with blood gas anal-
ysis and, if necessary, with pulmonary function 
tests.

The history of the patient may provide impor-
tant information on possible risk factors [3]. The 
history should include knowledge of previous 
drug therapies, in particular anticoagulant treat-
ment, which may be an absolute or relative con-

traindication to the intervention. Additionally, 
systemic immunosuppressive treatment, espe-
cially corticosteroids, could induce delayed clo-
sure of biopsy sites of the lung.

An ECG should be obtained to exclude a recent 
myocardial infarction or significant arrhythmia. 
The clinical laboratory should include coagula-
tion parameters, serum electrolytes, serum creati-
nine, glucose, liver function studies and a 
complete blood count as well as a blood group 
typing [6]. Before undergoing thoracoscopic 
biopsy, it is recommended that patients undergo 
chest radiography (preferably anteroposterior and 
lateral views) and a CT or MRI of the chest. The 
chest x-ray and CT or MRI findings help to local-
ize the lesion and to determine optional patient 
positioning for the operation [3, 5–7].

All patients and their parents must sign a spe-
cifically formulated informed consent before the 
procedure.

13.5  Positioning

Lung biopsy is usually performed with the patient 
in the lateral decubitus position. Posterior pleural 
biopsies are performed with the patient almost 
prone, and anterior lesions are performed with 
the patient almost supine. Thus, positioning takes 
advantage of gravity to allow the lung to fall 
away from the lesion when the lung is collapsed 
[3, 6]. For anterior mediastinal masses, a modi-
fied supine position is helpful. This position 
allows gravity to keep the lung out of the opera-
tive field.

An axillary point of entry is standard in most 
cases: entry in the midaxillary line at the level of 
the fourth or fifth intercostal space allows the 
best and most complete thoracic cavity inspec-
tion [6]. The working trocars are inserted in trian-
gular fashion depending on the biopsy site 
selected. The biopsy locations are selected 
according to the visual appearance of the lung. 
One to four biopsies of at least 1 cm3 lung tissue 
each are taken [6] often including pieces of dif-
ferent lobes.

Table 13.2 Absolute and relative contraindications to 
thoracoscopic lung biopsy in children [8]

Absolute Relative
•  Lack of pleural space 

due to:
  –  Suspected 

mesothelioma 
(where the visceral 
and parietal surfaces 
are fused)

  – Previous pleurodesis
  – Advanced empyema
  –  Pleural thickening of 

unknown aetiology

•  Inability to tolerate a 
lateral decubitus 
position

•  Unstable 
cardiovascular or 
haemodynamic status

•  Presence of severe, 
uncorrectable 
hypoxaemia despite 
oxygen therapy

• Bleeding diathesis
•  Pulmonary arterial 

hypertension
• Refractory cough
• Drug hypersensitivity
•  Reduced general 

health status with 
short suspected 
survival
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13.6  Instrumentation

Standard equipment to safely perform the thora-
coscopic procedure [8] include:

• Thoracoscope.
• High-resolution video monitor.
• 2–4 intercostal access ports
• Endoscopic stapling devices.
• Endoscopic scissors.
• Endoscopic forceps.
• Endoscopic bags.
• Endoscopic dissector.

In Fig. 13.1, the standard paediatric thoraco-
scopic instruments are illustrated.

Besides affording larger biopsy sizes, thoraco-
scopic instruments facilitate the extraction of 
biopsies from very dense lesions. The rigid 

instruments are also more suitable when it is nec-
essary to control haemorrhage after biopsy [6].

In children, 5 and 10  mm Hopkins rod-lens 
telescopes are used. In small infants, a 3.5 mm or 
the new 14-gauge endoscopic telescope may be 
useful. Short trocars without valves are specifi-
cally designed for this procedure [3], and stan-
dard hand instruments used in laparoscopy (10, 
5 mm/3 mm) may be used. The theatre set-up and 
operative technique also depend upon the proce-
dure being performed [3].

13.7  Technique

The consecutive steps in thoracoscopic lung 
biopsy are described in Table 13.3.

Paediatric anaesthesia remains a vital com-
ponent of the general success in thoracoscopic 

a

b c

d

e

f

Fig. 13.1 Paediatric thoracoscopic instruments: (a) optic, (b) fenestrated forceps, (c, d) grasping forceps, (e, f) scissors 
(courtesy of KARL STORZ Endoscopia S.r.l.)
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procedures. All biopsies are performed under 
general anaesthesia using a single-lumen endo-
tracheal tube for conventional double-lung ven-
tilation. Patients are placed in the lateral 
decubitus position, and a 5 or 10 mm trocar is 
placed in the pleural space below the tip of the 
scapula on the middle axillary line, usually at 
the fourth interspace.

CO2 insufflation is started with maximal pres-
sures of 3–5 mm of Hg in order to obtain an ade-
quate space within to work. Use of CO2 insufflation 
creates a pneumothorax and further collapses the 
ipsilateral lung and elevates the ipsilateral dia-
phragm [3, 5]. Single lung ventilation is useful in 
infants and children, but dual lumen tubes are dif-
ficult to place in small children [3]. Instead, the 
patient may undergo selective contralateral lung 

ventilation using ipsilateral bronchial blockers or 
Fogarty balloon catheters.

The bioptic procedure is started by choosing 
the best site for paramount observation of the 
thoracic cavity. The suitable site for the biopsy is 
usually selected from the chest high-resolution 
computerized tomography scan (HRCT) and 
intraoperative macroscopic findings.

The working trocars are positioned according 
to the lesion of interest and ease of instrumental 
access. Each trocar site should be far enough 
away from the other to avoid the crossing of 
instruments, and all trocar sites must be located 
within the same 180° arc to avoid mirror imaging 
[8]. Trocars have to be placed far enough from 
the lesion to allow surgical manipulation and 
observation [8]. When considering these rules, 
the trocars are usually placed on three neighbour-
ing corners of the lozenge with the target lesion 
on the remaining one. In most procedures, two to 
four access sites are necessary.

Biopsy instruments include Endoloop liga-
ture (Fig. 13.2, Panel a), endostapler (Fig. 13.2, 
Panel b) and scissors (Fig. 13.2, Panel c) and are 
usually chosen by the performing surgeon [5]. 
Biopsies are removed through the largest trocar 
using atraumatic forceps. In smaller children 
(<15 kg) three 3–5 mm ports are used. In larger 
children, placement of a 12 mm port is recom-
mended for the use of endoscopic staplers. 
Smaller children can be biopsied with biopsy 
forceps or after placement of Endoloops sur-
rounding the tissue [9] and/or may be secured by 
sutures.

Table 13.3 Steps in thoracoscopic lung biopsy

Consecutive steps in thoracoscopic lung biopsy
–   Preparation of the patient (information, fasting 

status, skin shaving)
–  Radiographic review and patient positioning
–   Induction of anaesthesia (selective contralateral 

lung ventilation)
–  Patient positioning
–  Choice of entry site/trocar positioning
–   Induction of pneumothorax (insufflation of 

additional air/CO2 into the pleural cavity if 
necessary)

–   Inspection of the thoracic cavity using a 
thoracoscope

–  Video and photographic recording
–  Obtaining biopsy samples
–  Control of bleeding
–  Placement of thoracic drainage tubes
–  Surveillance during recovery

a b c

Fig. 13.2 Biopsy instruments: Endoloop ligature (Panel a), endostapler (Panel b), scissors (Panel c)
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The 12  mm port for the stapler is placed as 
caudally as possible to allow the jaws to open 
properly. The specimen is excised with scissors 
or staples and removed through the largest trocar 
using atraumatic forceps. Bleeding and air leak-
age from the transected lung are controlled with 
absorbable sutures thoracoscopically placed.

Bleeding can also be controlled with cautery, 
laser or ultrasonic shears. However, re-expansion 
of the lung frequently controls bleeding. 
Placement of a drainage tube at the end of the 
procedure is recommended and is often based 
on the extent of ventilatory support the patient 
will require [5, 6].

13.8  Postoperative Care

In the postoperative period, the patient is kept in 
a normal decubitus position. As for all conscious 
sedation protocols, patients should refrain from 
eating and drinking 6–8 h after the procedure. 
The analgesic requirement (paracetamol every 
6 h) is generally limited to the first 24 postop-
erative hours. All patients are discharged on the 
first or at a maximum on the second postopera-
tive day.

13.9  Complications

The incidence of complications associated with 
thoracoscopic biopsies is considered to be accept-
able. As reported in Table 13.4, potential compli-
cations can occur before, during or after the 
procedure [6].

The most serious complication during the pro-
cedure is bleeding. The main site of bleeding usu-
ally occurs at the intercostal vessels and lung 
parenchyma. According to various authors, it 
may occur in 8–12% of cases [10, 11]. Side 
effects can happen with any procedure. The most 
common side effect from a thoracoscopy is fever. 
The most common complication after biopsy is 
air leakage. An air leak lasting more than 7 days 
occurs in less than 5% of cases [10, 11]. Infectious 
complications, such as empyema, lung inflamma-

tion and postsurgical wound infections, occur 
with an incidence similar to that for other thora-
coscopic procedure [12].

13.10  Remarks

As reported by Fortman et  al. [7], the diagnos-
tic accuracy of thoracoscopic lung biopsies in 
children with suspected interstitial lung disease 
is high (98%). Thoracoscopic biopsy is also con-
sidered an effective diagnostic procedure for lung 
masses in immunocompetent and immunocom-
promised children [13, 14], and histopathologic 
results help define disease-specific treatment in 
the majority of cases. The morbidity rates of the 
procedure are low, and patients may benefit from 
avoiding thoracotomy [5].

13.11  Tips and Troubleshooting

The drawbacks of the thoracoscopic procedure 
compared with the open approach are well recog-
nized. The thoracoscopic approach greatly 

Table 13.4 Potential complications of the thoracoscopic 
bioptic approach [8]

Before the procedure
–   Air embolism, subcutaneous emphysema and pain 

during pneumothorax induction
–  Shortness of breath after pneumothorax induction
–  Hypersensitivity reaction to local anaesthetic
During the procedure
−  Pain
−  Hypoxaemia
−  Hypoventilation
−  Cardiac arrhythmias
−  Hypotension
−  Haemorrhage
−  Injury to the lung or other organs
After the procedure
−  Pain
−  Postoperative fever
−  Wound infection
−  Hypotension
−  Empyema
−  Subcutaneous emphysema
−  Persisting pneumothorax
−  Prolonged air leakage
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reduces the surgeon’s ability to use tactile feed-
back. The second disadvantage is that the images 
essentially lack three-dimensional information in 
spite of their high-quality resolution. The size of 
operative view is also restricted. Therefore, sur-
geons are required to be very familiar with the 
three-dimensional sensation of the phantom 
images and possess detailed knowledge of the 
topographical anatomy in the thorax as well as 
the possibility of anatomical variations [8].

Pulmonary nodules deeper than 1  cm under 
the visceral pleura may be difficult to identify by 
thoracoscopy. Ipsilateral lung collapse may help 
or alternatively a finger can be introduced through 
one of the port site openings for direct tactile per-
ception. Other options available in such cases are 
stereotactic needle localization, preoperative 
localization utilizing CT guidance, preoperative 
tattooing with methylene blue or India ink and 
intraoperative ultrasonography [15].

In case a malignancy is suspected, it is impor-
tant to deliver the specimen into a bag, to avoid 
port site seeding [4]. Concerning the biopsy tech-
nique, the Endoloop technique is considered a 
safe, effective technique in small paediatric 
patients. It avoids problems with the limited size 
of the chest cavity in patients less than 10 kg and 
avoids the introduction of large incisions in a 
small child [9].

13.12  Conclusion

Children with interstitial lung disease and iso-
lated lesions associated with tumours frequently 
require thoracoscopic lung biopsies. The minia-
turization of instruments and improved visualiza-
tion with smaller scopes have enabled the 
successful performance of thoracoscopic lung 
biopsy in infants of almost any size, with a low 
complication rate. The significant benefits of tho-
racoscopic biopsy over conventional thoracot-
omy and the improved diagnostic yield over a 
transbronchial or percutaneous biopsy allow for 
earlier and more accurate diagnosis and treat-
ment in infants and children with lung parenchy-
mal disease.
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Management of Pleural Empyema

Anna-May Long and Alex C. H. Lee

14.1  Introduction

Pleural infection in children most commonly 
occurs after pneumonia, though may compli-
cate trauma or surgery. Following parenchy-
mal lung infection, exudative effusion solidifies 
over time due to the deposition of fibrin causing 
encasement of the lung, affecting expansion and 
trapping pockets of infected fluid preventing res-
olution [1].

Small effusions will settle with antibiotics 
alone but larger ones require intervention. Pleural 
drainage may be sufficient before organisation 
has occurred, but for those that have become 
loculated, various management strategies have 
been described [2–5]. The least invasive of these 
is the instillation of intrapleural fibrinolytic ther-
apy through a narrow bore chest drain inserted 
via a Seldinger technique [6]. Urokinase and 
tissue plasminogen activator (tPA) are the most 
widely used fibrinolytic agents with high levels 

of success and excellent safety profiles [5–10]. 
These agents may not be available in all settings, 
and where they are not, thoracoscopic drainage 
of the fibrinous coagulum and pyogenic material 
by video-assisted thoracoscopic surgery (VATS) 
is a reasonable option, comparing favourably 
with more aggressive management [4]. After a 
peak in the usage of VATS in the past decade, its 
use has declined and in many countries has been 
supplanted by the use of chest drainage and intra-
pleural fibrinolysis [11].

For all children with complicated parapneu-
monic effusion, a multidisciplinary approach 
with paediatric respiratory medicine, physio-
therapy and clinical microbiology alongside sur-
gical care is essential. The use of a standardised 
clinical care pathway has streamlined the care of 
these children [7].

14.2  Preoperative Preparation

Following plain radiograph, thoracic ultrasound 
is used to confirm the diagnosis of parapneu-
monic effusion and allow assessment of size, 
inflation of the underlying lung and the level of 
organisation. This allows preoperative marking 
of the ideal drain placement site. CT scan should 
be reserved for those with suspicion or under-
lying parenchymal abscess formation or lung 
necrosis [3, 4].
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Appropriate broad spectrum antibiotic cover 
should be administered according to local 
protocols.

14.3  Chest Drain Insertion

Chest drain insertion can be performed safely 
under local anaesthesia and sedation where facili-
ties and expertise are available. Otherwise it is 
done in the operating theatre under general anaes-
thesia. The patient is positioned supine with the 
arm folded up behind the child’s head. A narrow 
bore (e.g. 8–9Fr) ‘pigtail’ chest drain inserted via 
a Seldinger technique is associated with less post-
operative discomfort and leak than a larger drain 
inserted using open technique [6, 7].

Ultrasound guidance during insertion is a use-
ful adjunct to confirm the diagnosis, but this is 
not essential, particularly if the child has been 
previously marked during a diagnostic scan. 
Local anaesthetic instillation at the drain site 
prior to placement will alleviate postoperative 
discomfort.

The fifth intercostal space, mid-axilliary line 
is the most common site for drain placement, 
although this may depend on the distribution of 
the effusion.

The effusion should be drained to a maxi-
mum of 20 mL/kg in the first instance, to prevent 
rebound pulmonary oedema. Samples of fluid 
should be sent for cell count, culture and sen-
sitivity as well as PCR assay for Streptococcus 
pneumoniae. A check chest radiograph soon after 
insertion should confirm an adequate position 
and lung re-expansion.

14.3.1  Intrapleural Fibrinolytic Therapy

The first dose of intrapleural fibrinolytic can be 
administered immediately and the drain clamped 
for 4  h [7]. A commonly utilised protocol for 
fibrinolytic therapy involves the administration 
of a total of six doses of intra-pleural uroki-
nase at 12 h intervals [6, 8]. The doses used are: 
40,000 IU in 40 mls of saline for children above 

12 months of age and 10,000 units in 10 mls for 
saline for those under a year. The fibrinolytic is 
left in the chest for four hours and then the drain 
unclamped. Children are encouraged to mobilise, 
particularly when the fibrinolytic is in the chest, 
to facilitate its distribution. Drains are removed 
after the 6th dose if the child’s condition warrants 
this.

14.4  VATS

14.4.1  Positioning

The child is placed in the lateral position with the 
affected side upward. The arm is supported on a 
pillow or with an arm rest as for a thoracotomy. 
A roll may be placed under the chest in order to 
maximally spread the ribs. The surgeon stands at 
the child’s back facing the screen.

The assistant should stand at the surgeon’s 
side to avoid paradoxical movements which 
may occur when the surgeon and assistant stand 
on either side of the bed. This is particularly so 
when the two monitors are placed at either sides 
of the table and when the endoscope is point-
ing towards the viewer. This may, however, be 
unavoidable in smaller children due to limited 
external space.

14.4.2  Instrumentation

An operating endoscope, where available, pro-
vides an effective means of undertaking thoraco-
scopic debridement through a single port using 
a suction/irrigation system and blunt (Johann) 
bowel grasping forceps for dissection and remov-
ing the fibrinous peel.

If this is not available, a two-port technique 
is usually used. Port site placement will depend 
on the location of the empyema, but commonly 
a 5 mm 30° endoscope is placed anterior to the 
mid-axilliary line in the sixth intercostal space. 
A 3–5  mm working port, depending on size of 
the child, is placed on the dominant-hand side 
of the camera port. For older children, a 10 mm 

A.-M. Long and A. C. H. Lee



121

port may be useful to facilitate removal of debris, 
although the width of the rib space may limit this. 
Optics and instruments may be swapped between 
ports. If indicated, further third port may be 
needed to ensure the full thoracic cavity can be 
inspected and reached.

Special energy devices are usually not 
required. A sputum trap, placed in the suc-
tion circuit, may be used to retrieve samples 
of fluid.

14.4.3  Technique

Single lung ventilation may be preferred by the 
surgical and anaesthetic team although this is not 
essential and may not be tolerated. Total general 
anaesthetic time should not be significantly pro-
longed to achieve single-lung ventilation. If used, 
this can be achieved via a dual lumen tube or 
bronchial blocker.

Local anaesthetic instillation at the port sites 
prior to placement will alleviate postoperative 
discomfort. Alternatively an intercostal block in 
the relevant rib spaces may be performed at the 
end of the procedure.

After camera port placement, insufflation 
should be limited to 4–6 mmHg of CO2 to dis-
rupt pleural adhesions and to cause lung collapse. 
Initial dissection to create the working space may 
begin with gentle broad sweeps of the endoscope 
especially infero-posteriorly. Once the pleural 
operative space is established, secondary work-
ing port(s) to the right and/or left of the cen-
tral port is (are) used for suction/irrigation and 
instrumentation.

A fresh sample of the pleural fluid should be 
collected for laboratory analysis (see chest drain 
insertion). The aims are: (i) to further break down 
any fluid-filled loculations within the pleural 
cavity, (ii) to remove “peel” or rind as much as 
possible from the surface of the visceral pleura 
facilitating lung expansion, (iii) to free the lung 
from the parietal pleura while avoiding bleeding 
or damage to the viscera including the phrenic 
nerve. Blunt grasping forceps are preferred to 
avoid inadvertent injury. A damp swab may 

be used externally to remove the peel from the 
grasping forceps.

Once the pleural fluid has been drained and 
most of the fibrinous peel is removed, the pleural 
space is irrigated with warm saline and subse-
quently suctioned.

A chest drain is left in the anterior port site, 
guided thoracoscopically and secured externally. 
Instruments and ports are removed under vision. 
Lung expansion is enabled by letting out the 
insufflated CO2, releasing the ipsilateral airway 
occlusion if this has been used for double-lung 
ventilation and a few positive pressure breaths 
from the anaesthetist. The trocar sites are closed 
in layers and the chest drain attached to an under-
water sealed bottle.

14.4.4  Postoperative Care

A chest radiograph is obtained in recovery or 
soon after returning to the ward to check the 
drain position and lung re-expansion. A period of 
low negative suction may be required to facili-
tate lung expansion, otherwise drainage using an 
underwater seal should be sufficient. Chest radio-
graphs are taken to monitor progress. The drain 
is removed once it is confirmed that the lung 
has fully expanded, the drainage is physiologi-
cal, the child has improved clinically and there is 
no suspicion of residual pleural collection. If the 
latter is confirmed, intrapleural fibrinolytics may 
additionally be of use. Antibiotic duration will 
be guided by the child’s condition according to 
local protocol. Adequate analgesia is important, 
and usually intravenous opiates are used in the 
first 24–48 h. Clinic follow up appointments with 
chest radiographs are arranged to confirm com-
plete resolution.

14.5  Results

The outcomes of intervention for paediatric 
empyema will vary according to the age, comor-
bidity, microbiological aetiology and extent of 
parenchymal lung disease in affected children. 
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Although a lower mortality is expected in chil-
dren than adults, a large database study from the 
USA demonstrated a case fatality among 14,936 
with this condition of 3.2% (2003–2008) [12]. 
In the Alder Hey Children’s Hospital series 
(2006–2012), mortality was 0.4% among 239 
children [7] and death was associated with sig-
nificant co-morbidities. In this series 21% of all 
children were admitted to a high dependency 
or intensive care unit. Children infected with 
Group A Streptococcus as a causative agent had 
more severe ilness with 58% requiring HDU or 
ICU admissions.

Consent for minimally invasive interven-
tion should include the need for re-intervention 
which varies between published series with most 
suggesting a rate of 15–20% among all-comers 
[7, 12]. Re-intervention approaches include the 
insertion of a larger bore chest drain, VATS or 
thoracotomy, the latter may be necessary in chil-
dren with necrotising disease and bronchopleural 
fistula [4, 7].

Both mechanical and chemical debridement 
with fibrinolytics have a low rate of complica-
tions and have demonstrated similar outcomes in 
clinical trials. Median post-procedural length of 
hospital stay is similar among those treated with 
VATS or fibrinolysis and is 6–10  days in pub-
lished series [4, 7, 13].

14.6  Tips and Tricks

Attachment of a “three-way tap” to the chest drain 
allows drainage and easy access for instillation of 
fibrinolytics. A sturdy fixation such as a “drain-
fix” dressing helps to prevent dislodgement and 
does not involve suture removal on the ward.

The suction/irrigation device may be used 
to suction fluid as well as to perform blunt 
dissection.

Short length endoscopic instruments are pref-
erable and may be inserted directly a stab incision 
without a trocar. Handheld instruments, e.g. large 
haemostat clips or sponge holding forceps, can be 
used to insert directly under thoracoscopic vision 
to peel the pleural rind though the pleural space 
may be limited (due to the non-collapsed lung).

14.7  Discussion

A few randomised controlled trials have com-
pared VATS to thoracostomy drainage in children 
with complicated parapneumonic effusion [5, 8, 
10, 13, 14]. The evidence from these was assessed 
and synthesised in a recent Cochrane review [5]. 
No difference was found in the included studies 
in mortality, length of hospital stay or procedural 
complications. The quality of the evidence was 
found to be low and particularly lacking concern-
ing the use of fibrinolytics. A few randomised 
controlled trials and several large observational 
studies have, however, shown these to be safe, and 
they appear as effective as VATS [7–10, 12–15].

Chemical debridement is a more cost- effective 
approach than VATS due to a shorter operative 
time [4, 10, 13]. For this reason, where the prepa-
rations are available, fibrinolytic therapy is rec-
ommended as a primary management strategy 
over VATS. This approach has been endorsed both 
by the American Paediatric Surgical Association 
Outcomes and Clinical Trials Committee [4] and 
the British Thoracic Society [3] and is gaining 
popularity [11].

Some children will inevitably fail this treat-
ment course, and VATS may be an appropriate 
second-line therapy [4] although, where failure is 
due to necrotizing disease or bronchopleural fis-
tula open surgery may be preferable, particularly 
in the presence of physiological instability [4, 7].
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Thoracoscopic Lobectomy

Steven Rothenberg

15.1  Introduction

There are numerous indications requiring pulmo-
nary lobe resections in infants and children. The 
majority are for the broad spectrum of bronchopul-
monary malformations that present in early infancy 
and childhood. These include bronchogenic cysts, 
bronchopulmonary sequestrations (BPS), congeni-
tal pulmonary airway malformation (CPAM), and 
congenital lobar emphysema (CLE) [1]. These 
lesions may be detected by prenatal ultrasound, 
present as acute respiratory distress in the newborn 
period, or may remain undiagnosed and asymp-
tomatic until later in life. The other major indica-
tions include chronic infection resulting in 
bronchiectasis and malignancy. Treatment may 
vary somewhat depending on the time of diagnosis 
and the presentation, but in most cases complete 
lobar resection is the desired therapy. Minimally 
invasive techniques now allow these procedures to 
be done with much less pain and morbidity and 
avoid the long-term consequence of a thoracotomy 
in an infant or small child.

However, thoracoscopic lobectomy can be 
one of the most technically demanding proce-
dures performed by a pediatric surgeon. The abil-
ity to first correctly identify vital structures to 

both the affected lobe and those going to areas 
needing to be preserved, and then safely secure 
the large pulmonary vessels, and a general lack of 
adequate lung case volume for most pediatric 
surgical trainees make these procedures even 
more difficult to adopt. In order to address these 
issues, we have developed a standardized 
approach to perform thoracoscopic lobectomy 
and applied these techniques in training fellows 
and junior staff.

15.2  Positioning

The procedure should be performed with the 
patient in a lateral decubitus position with the 
affected side up. In most cases with single lung 
ventilation, obtained by mainstem intubation of 
the contralateral side. In larger patients a double 
lumen endotracheal tube or bronchial blocker can 
be used. In cases where single lung ventilation 
cannot be achieved, CO2 insufflation alone can 
used. The surgeon and assistant stand at the 
patient’s front. In smaller children the patient 
should be placed near the edge of the table, so the 
handle of the instruments are not obstructed by 
the table.
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15.3  Instrumentation

Three valved ports, ranging from 3 to 5 mm, are 
used. In the majority of cases, a bipolar vessel- 
sealing device is used to manage the pulmonary 
vessels. In most cases, a 3  mm vessel sealer 
(JustRight Surgical, Louisville, CO) is employed; 
in patients over 15 kg, a Maryland 5 mm LigaSure 
is used. These devises are also used to seal and 
divide the lung parenchyma in cases of an incom-
plete fissure. The vessels are managed by obtain-
ing adequate length of the vessel to create two 
seals approximately 3–5 mm apart and then divid-
ing the vessel between them (Fig. 15.1). In larger 
patients (generally those over 15–20 kg), a 5 or 
12 mm endoscopic stapler can be used to secure 
some or all of the major pulmonary vessels. If 
these are not available, clips for smaller bronchi 
or division and suture ligature can be used.

15.4  Technique

The room is set up to facilitate an anterior 
approach. The surgeon and assistant are at the 
patient’s front with the monitor at the patient’s 
back (Fig. 15.1). First the chest is insufflated with 
CO2 using a Veress needle to help collapse the lung 
and avoid injury of the parenchyma with a trocar. 
Three trocars are used in almost all cases. The first 
port is placed in the mid- to anterior axillary line in 
the fifth or sixth interspace to determine the posi-

tion of the major fissure and evaluate the lung 
parenchyma. Position of the fissure should dictate 
the placement of the other ports. The working 
ports are placed in the anterior axillary line above 
and below the camera port (Fig. 15.2).

For a lower lobe, the inferior pulmonary liga-
ment is taken first until the inferior pulmonary 
vein (PV) is exposed. During this portion care is 
taken to look for a systemic vessel arising from 
the thoracic aorta or up through the diaphragm. 
The major fissure is then examined and if neces-
sary completed using tissue sealing. This is done 
in an almost finger fracture technique until the 
pulmonary artery is seen transversing the fissure. 
The branches of pulmonary artery to the lower 
lobe are then sealed and divided, often at the seg-
mental level. If necessary dissection can be car-
ried out into the parenchyma of the lower lobe to 
obtain adequate length of the segmental branches 
for safe sealing and division. After this the bron-
chus to the lower lobe is visualized lying directly 
under the divide arterial trunk. It is mobilized 
and divided with the endoscopic stapler 
(Fig. 15.3). In many cases it is beneficial to take 
the superior segmental bronchus first and then the 
trunk to the basal segments. This exposes the infe-
rior pulmonary vein trunk which can be easily 
divided with the 5 mm stapler (Fig. 15.4). If not 
available, the vessel should be followed proxi-
mally toward the parenchyma where it branches, 

Fig. 15.1 Appropriate room setup for thoracoscopic lung 
resection

Fig. 15.2 Trocar placement for LLL. 4 mm camera port, 
left hand 3 mm port, and right hand 5 mm port for endo-
scopic stapler
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and the smaller branches can be sealed and 
divided as already described. If there are large 
space-occupying cysts, these are “collapsed or 
popped” first using the vessel sealer. The cystic 
areas of the lung are grasped and energy applied 
(Fig.  15.5). This causes the cyst to decompress 
and collapse, creating more intrathoracic space 
and improving the surgeon’s ability to manipu-
late the lung and identify important structures. 
The specimen is then removed in a piecemeal 
fashion through a slightly dilated 5  mm trocar 

site. A chest tube is left in all cases of lobar 
resection.

15.5  Postoperative Care

The patient is managed on the ward with IV nar-
cotics for the first night. The CT is kept to 10–15 
mmH2O suction. If there is no air leak, it is placed 
to H2O seal, and an X-ray is obtained in 2 h. If 
there is no pneumothorax, the CT is removed. 
Most patients are discharged on the second post-
operative day.

15.6  Results

Over the last 25  years, 499 of 502 procedures 
were completed thoracoscopically. Operative 
times ranged from 35 to 240 min (avg. 115 min). 
Average operative time when a trainee was the 
primary surgeon was 160  min (N  =  83) and 
95 min when the senior surgeon was performing 
the procedure. There were 109 upper, 33 middle, 
and 260 lower lobe resections. There were four 
intraoperative complications (1.1%) requiring 
conversion to an open thoracotomy. Three of 
these were secondary to bleeding, and one was to 
repair a compromised bronchus to an upper lobe 
following a lower lobectomy. Only one of these, 
a bleeding vessel to a pulmonary sequestration, 

Fig. 15.3 Proximal and distal seals on anterior basal 
branch of pulmonary artery with scissors dividing vessel 
between the two seals

Fig. 15.4 Dividing main pulmonary artery to LLL with 
5 mm stapler. The 3 mm Maryland keeps proximal vascu-
lar control until it is clear that the staple line is secure

Fig. 15.5 Taking bronchus to RUL with 5 mm stapler
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occurred in the last 15 years of the study period. 
The postoperative complication rate was 3.3%, 
and three patients (0.8%) required re-exploration 
for a prolonged air leak. In two cases a small 
accessory bronchus was found and sutured 
closed. In the third, no leak was identified, and 
the patient had no air leak postoperatively. 
Hospital stay (LOS) ranged from 1 to 16  days 
with a mean of 3.2  days. In patients <5  kg 
and < 3 months of age, the average operative time 
was 78 min, and LOS was 1.8 days. The postop-
erative complication rate was 2.6% and LOS 
2.1 days.

15.7  Tips and Tricks

Use vessel sealing as the primary mode of vessel 
division.

Collapse all large cystic spaces.
Dissect into the lung parenchyma to gain 

greater vessel and bronchus length.

15.8  Discussion

Thoracoscopic lobectomy in children for con-
genital cystic lung disease is now an accepted and 
well-described technique [2–6]. Most authors 
agree on the relative merits of a thoracoscopic 
approach including less pain, shorter hospital 
stay, and decreased long-term morbidity, includ-
ing chest wall deformity, shoulder girdle weak-
ness, and scoliosis [7]. Despite this general 
consensus, the adoption of this technique and 
surgeon comfort with the approach remains rela-
tively low primarily because of the procedure is 
technically demanding and because most sur-
geons see a low volume of cases which results in 
a decreased familiarity with pulmonary anatomy. 
Using a thoracoscopic approach further com-
pounds this, as the surgeon can no longer put 
their hand in the chest cavity to palpate the struc-
tures and identify the anatomy. Therefore, stan-
dardization of technique and approach is critical.

One of the most difficult aspects of these cases 
is when the fissure is incomplete and the pulmo-
nary vessels are not readily visible. We have 

found that using the tissue sealing technology to 
dissect and divide the parenchyma of an incom-
plete fissure is the safest way to approach this. 
The fissure is approached layer by layer until the 
pulmonary artery is visualized (Fig. 15.4). In our 
experience using the vessel sealer results in lim-
ited bleeding and air leak as compared to other 
methods.

The second issue has been standardizing an 
anterior approach. During an open thoracotomy, 
the surgeon is generally positioned at the patients 
back. For thoracoscopic lobectomies the surgeon 
and assistant are positioned at the patient’s front. 
This is especially important in smaller patients, 
as there is more room from the chest wall to the 
mediastinum, where the pulmonary vessels arise.

The anatomic relationships for each lobe 
using this anterior approach are critical. The 
three-dimensional relationships of the vessels 
and bronchi to each lobe, which cannot always be 
seen in the two-dimensional view of the scope, 
are critical in understanding and comfort with the 
anatomy.

The third major issue is standardizing the 
management of the pulmonary vessels. Early in 
our experience we learned that thoracoscopic 
suture ligation of each individual vessel was dif-
ficult and time-consuming. The small working 
space, difficulty in achieving traction and 
counter- traction to obtain adequate vessel length 
while suturing, and the technical demands of 
tying a secure knot made this process laborious. 
We did not favor endoscopic clips for most ves-
sels because of the risk of dislodging them during 
the extensive tissue manipulation necessary dur-
ing a lobectomy. Therefore, we adopted vessel 
sealing as a way to safely manage the pulmonary 
vessels [8]. The initial 5 mm sealing device used 
could manage a vessel up to 7 mm in diameter 
and was an adequate tissue dissector. The 3 mm 
sealing device now available can seal vessels up 
to 5 mm and works well as a dissector especially 
in the smaller chest cavities of infants. It is more 
than adequate for most pulmonary vessels in chil-
dren under 10 kg and for segmental branches in 
larger children. A key to using vessel-sealing 
technology effectively is to make proximal and 
distal seals on the vessel approximately 3–5 mm 
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apart. Using scissors, a partial cut is made to 
determine that the seals are secure and that there 
is no bleeding once the lumen is entered. Once 
the vessel is partially divided and no bleeding is 
seen, the vessel can be completely divided 
(Fig. 15.6). If there appears to be some bleeding, 
there is an opportunity to reseal the vessel before 
the vessel retracts and control is lost. Because of 
the relatively large nature of the pulmonary ves-
sels, and the limited space in the chest cavity, it 
takes very little blood to obscure the operative 
field and force conversion to an open thoracot-
omy. For this reason we have avoided any energy 
devises which seal and divide the vessel in one 
step, because if the seal fails the ability to salvage 
the situation is minimal.

For bronchus management we initially cut and 
then suture the bronchus using PDS suture in 
smaller patients. This can be time-consuming and 
technically demanding. We discovered that in 
most patients less than 10 kg, the lobar or seg-
mental bronchus could be occluded using 5 mm 
endoscopic clips. If the lobar bronchus is too 
large, then distal dissection allows for a segmen-
tal bronchus to be taken. This decreases the size 
of the remaining main trunk. For example, the 
superior segment bronchus in a lower lobectomy 
can be occluded separately, and then the trunk to 
the basal segments can be taken with a second 
clip. In larger patients we used the 12 mm endo-
scopic linear staplers. However, because of the 

variations in anatomy and the close proximity of 
the bronchus to the other lobes, extreme care 
must be taken to avoid compromising the other 
bronchi. Therefore, if there is any question, the 
bronchus to the target lobe should be divided 
sharply and sutured close. There is now new 
5 mm stapling technology which better fits in the 
chest cavity of infants and children and should 
eliminate the use of clips and larger staplers in 
these smaller patients.

The timing of surgery remains somewhat con-
troversial, but there is little evidence to suggest 
that delayed resection improves outcome. We 
favor earlier resection of prenatally diagnosed 
lesions before they become infected or the 
patients become symptomatic. We have previ-
ously documented our experience with infants 
under 10  kg and showed that these procedures 
had shorter operative times, lower complication 
rates, and shorter hospital stays [9]. In older 
infants, there can be significant adenopathy and 
inflammation in the fissures and around the pul-
monary artery making identification and safe 
division of these vessels much more difficult. 
These procedures are technically easier in infants 
at or near 5 kg despite the smaller working space 
as evidenced by the shorter operative times in this 
group as compared to older patients. The length 
of stay in this group is also shorter. Lastly for 
those who argue for conservative nonoperative 
management of these lesions in asymptomatic 
patients, despite the high incidence of infection, 
we had two cases of unsuspected pulmonary 
blastoma [10, 11]. We feel the risk of recurrent 
infection and possible malignancy outweigh the 
risks of intervention if a thoracoscopic approach 
is used in an institution with a large experience in 
these procedures.
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Thorascoscopic Management 
of Pulmonary Sequestration

Henri Steyaert

16.1  Introduction

Extralobar sequestration is a part of a lung, sepa-
rated from the normal lung, with a separate 
pleura, and attached to the mediastinum by only 
its feeding systemic vessels (Fig. 16.1).

Intralobar sequestration is a part of a lung sep-
arated from the normal bronchial tree, included in 
a normal lobe, and also attached by feeding sys-
temic vessels. Differentiation between congenital 
cystic adenomatoid malformations (CCAM) and 
intralobar sequestration is not always easy and not 
accurate anymore since those lesions may be 
mixed ones. The term congenital pulmonary ade-
nomatoid malformations (CPAM) has to be used 
for these lesions nowadays [1].

In this chapter we will only discuss manage-
ment of extralobar sequestration. Bronchogenic 
cysts and esophageal duplication are treated by 
the same way and technique [2]. For intralobar 
sequestration a lobectomy is mostly mandatory 
and will be discussed in another chapter.

More and more sequestrations are diagnosed 
prenatally. Debate about the ideal age of resec-
tion is still ongoing and depends mainly on sur-
geon’s experience [3]. In the majority of the 
cases, for anesthesiologic reasons, surgery is 
scheduled after 3–6 months of age.
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16.2  Preoperative Preparation

Diagnosis is mostly confirmed with the help of an 
MRI (or CT scan) just before surgery. 3D recon-
struction is more and more used and may be help-
ful in cases were the sequestration is fixed to the 
lobe or intralobar [4] (Fig. 16.2).

A single intravenous line is sufficient in most 
cases along with pulse oximetry and blood pres-
sure monitoring. A single preoperative dose of 
cephalosporin is given depending on hospital 
protocols. A nasogastric tube is mostly placed 
due to the lateral decubitus position of the patient.

Whenever possible, single-lung ventilation is 
obtained because it will give the surgeon time 
and space in order to do a proper dissection of the 
feeding vessels, ligate, and cut them. Surgery 
without single-lung ventilation is possible but 
needs a perfect collaboration between the anes-
thesiologist and the surgeon. Indeed, hypercapnia 
is quickly increasing during thoracoscopy, much 
more than during laparoscopy.

16.3  Positioning

Because the lesion is mostly posterior, the patient 
is positioned in a modified prone position 
(affected side elevated 30–45°). This position 

allows the lung to fall down anteriorly. An axil-
lary role is always placed.

As for all minimal invasive surgeries, surgeon 
and assistant stand in line with the organ to be 
operated and the video screen. In this case the sur-
geon and assistant stand ventrally. Little children 
must be placed anteriorly close to the border of the 
table (not in the middle) in order to increase mobil-
ity of the instruments. Main monitor is placed pos-
teriorly in line with surgeon’s eyes. The monitor 
has to be placed low enough helping to avoid neck 
pain. Accessory monitors may eventually be 
placed in front of the anesthesiologist and/or the 
scrub nurse who stands toward the patient’s back.

16.4  Instrumentation

Like for the vast majority of the minimal invasive 
surgeries in children, the preferred scope is a 
5 mm 30° one. A 3 mm one can be used, but the 
advantage is not really important because speci-
men removal is mostly conducted through 
enlargement of the scope orifice.

In order to deal with vessels, energy applying 
system such as thermofusion may be interesting. 
Clip appliers are also useful. An aspiration/lavage 
system is, of course, mandatory before the begin-
ning of the operation. A curved, fine dissection 
device is the most important instrument in order 
to facilitate dissection of the vessels. 3 mm instru-
ments may be used in babies. In that case ligation 
of the vessels is mandatory.

16.5  Technique

An open technique is mostly used. Three ports are 
normally needed. The one for the scope is placed 
on the anterior axillary line in between the fifth to 
seventh intercostal spaces. The two operating tro-
cars are placed on the midaxillary line, above and 
under the first trocar. After a little skin incision, a 
forceps is pushed into the thorax followed by a 
first blunt trocar. After insufflation under low 
pressure and low flow (maximum of 4  mmHg), 
the two other trocars are inserted. A Veress needle 
may be used first in order to help collapsing the 
ipsilateral lung, but we don’t use it.

Fig. 16.2 3D reconstruction—vascular supply of an 
extralobar sequestration
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First step of the operation consists in pushing 
gently on the lung in order to collapse it. Time must 
be taken to wait for equilibration of the parameters 
in particular if the lung is not excluded. Once the 
anesthesiologist is happy, exploration of the poste-
rior part of the thorax may begin in order to find the 
lesion mostly situated close to the diaphragm. 
Second step is to identify the systemic artery that 
may reach from under the diaphragm. Gentle dis-
section around the vessel with a thin dissector is 
done after opening of the pleura with the help of the 
monopolar hook. The vessel can be ligated either 
using sutures, clips, or the thermofusion device 
(Fig. 16.3). Instrument sealing and dividing at the 
same time must be avoided. Once the vessels 
divided (there could be more than 1 artery) dissec-
tion of the sequestration may be conducted easily 
using the hook or thermofusion. Thermofusion is 
mandatory in case the sequestration is fixed to the 
lower lobe. In such case the limit between normal 
and sequestered tissue is better seen when the lung 
is insufflated. Help of the anesthesiologist is impor-
tant at that time, in particular if the lung was 
excluded. Once the specimen is freed, it may be 
extracted through an enlargement of a trocar site. 
An endobag is mostly not necessary.

16.6  Postoperative Care

No drain is needed in most of the cases [5]. The 
child may drink and eat immediately. Discharge 
is scheduled on the first day after the operation in 
the majority of the cases. No X-ray is mandatory 
except particular cases.

16.7  Tips and Tricks

 – Don’t forget to put the little children anteri-
orly close to the border of the table.

 – Pulmonary exclusion facilitates dissection but 
needs expertise in babies and takes time.

 – When cutting the arterial vessel, it’s safe to 
have a forceps on the stump in order to control 
eventual bleeding. Indeed vessel may retract 
under the diaphragm.

 – In case of sequestration fixed to the lower 
lobe, insufflation and exsufflation of the lobe 
may help to determine the limit of the 
resection.

 – In case of drainage, the use of a Redon with 
repeated extraction of the thoracic air in the 
recovery room may be used. Once there is no 
air anymore in the Redon, it may be taken out 
(mostly in the recovery room).

16.8  Discussion

Extrapulmonary sequestration is a well-known 
disease more and more diagnosed prenatally. 
Alternative treatments are described even prena-
tally such as laser obliteration of the systemic 
vessels. After birth, a radiologic treatment is also 
described but not widely used [6–8].

Sequestration may become symptomatic due 
to infection of the excluded lung, the reason 
why most authors suggest an elective removal 
soon after birth. The ideal age for operation 
depends on anesthesiologic and surgeon’s habits 
and is mostly scheduled after 6 months of age. 
Operation is mostly easy and fast in experienced 
hands. Main danger is bleeding of the systemic 
vessels. Care must be taken during dissection 
and ligation.

Cancer is not a real concern in extralobar 
sequestration [9]. That’s why some authors sug-
gest to wait [10, 11]. But eventual infection of the 
tissue may complicate dissection, and follow-up 
needs probably repeated sonographies and/or 
MRI increasing the costs. Sequestration becomes 
sometimes symptomatic late in adulthood, so 
needed follow-up is very long [12].

In case of operation, there is no indication any 
more for a thoracotomy that increases hospital 

Fig. 16.3 Clipping of the systemic vessels before 
division
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stay and may lead to scoliosis and other thoracic 
deformations [13–15]. Referral to a center with 
knowledge in thoracoscopic anesthesia and sur-
gery is mandatory.
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Thoracoscopic Management 
of the Mediastinal Masses

Arnaud Bonnard and Liza Ali

17.1  Introduction

The mediastinum is the most common location of 
chest masses in the pediatric population. They are 
representing a variety of pathology in children. 
Causes are mostly related to the location of the 
mass either in the anterior, middle, or posterior 
mediastinum. Mainly, mediastinal masses are rep-
resented by tumor or congenital malformation. 
Although the mediastinum is located right in the 
middle, the surgical approach is most of the time 
coming from the right or the left side depending 
of the location of the mass. Vascular anomalies 
such as double aortic arch, in the middle medias-
tinum, won’t be treated here although the surgical 
approach is also thoracoscopic. Anterior approach, 
just above the manubrium is well developed in 
adult surgery but needs to be extended to the chil-
dren for some indication. At last, for the anterior 
diaphragmatic hernia, which is one of the causes 
for anterior and inferior mediastinal mass, lapa-
roscopy is most likely to be used to repair the her-
nia and close the diaphragm.

Due to the size of the mass, an associated open 
approach might be necessary to remove the tumor. 
Otherwise, if the mass can be crushed, doing this 
using an endobag is highly recommended.

17.2  Thoracoscopic Approach

17.2.1  General Consideration

A perfect collaboration is necessary between the 
anesthesiologist and the surgeon. The patient 
should be paralyzed to avoid the diaphragmatic 
incursion into the chest. Single lung ventilation is 
not necessary. Indeed, insufflation with CO2 at 
5 mmHg allows in most of the cases to perform 
the procedure. A positive expiratory pressure 
(PEP) should be avoided so the lung can be 
deflated easily. In addition, higher frequency ven-
tilation with small volume can be used to obtain a 
good CO2 clearance.

17.2.2  Generality and Operating 
Room Setup

Three or four port can be used depending of the 
surgical procedure. The room setup is mostly 
depending on the mass you have to remove or the 
procedure you have to perform.

Indeed, for a mass placed in the posterior 
mediastinum, it is better to place the patient in 
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70° lateral decubitus, almost in prone position, 
with the surgeon in front of the patient and the 
screen back to the patient, in line with the opera-
tor. Scrub nurse is usually placed in front of the 
operator and the assistant either on his right or 
left side (Fig. 17.1).

For a mass placed in the anterior mediastinum, 
the patient is better positioned on strict lateral 
decubitus or slightly at 100° to make the lung fall 
down and have a direct vision of the anterior 
mediastinum. The surgeon is then placed on the 
patient’s back and the screen in front of the 
patient (Fig. 17.2).

Table 17.1 is showing the operating setup 
related to the indications. Bronchogenic cyst can 
be operated in the same approach than a medias-
tinal posterior lesion.

17.2.3  Port Placement

Usually, three ports are necessary. A fourth extra 
port can be placed to push away the lung. It has to 
be placed most of the time at the base of the 
chest, not too close from the operative port.

The first port for the camera is usually placed 
at the tip of the scapula, a few millimeters below. 
Once the lesion is visualized down or up to the 
chest, the operative ports are placed respecting a 
good triangulation. Some operators prefer to 
place the camera port slightly below and anterior 
to the tip of the scapula. This way, the scope can 
push the lung away down allowing to get a larger 
operative field.

SCREEN

Scrub
nurse

Assistant

Surgeon

Fig. 17.1 Room setup for a right thoracoscopy and sur-
gery of the posterior mediastinum

Screen

Scrub
nurse

Assistant

Surgeon

Fig. 17.2 Room setup for a left thoracoscopy and sur-
gery for the anterior mediastinum

Table 17.1 Pathology related to the mediastinum part and room setup

Mediastinum Anterior Middle Posterior
Superior Thyroid (rare) Lymph nodes Neuroblastoma, ganglioneuroma, 

esophageal duplication
Middle Thymoma, lymphoma, teratoma Lymph nodes, 

bronchogenic cyst
Neuroblastoma, ganglioneuroma, 
esophageal duplication

Inferior Pleuro-pericardial cyst, anterior 
larrey diaphragmatic hernia

Bronchogenic cyst, 
hiatal hernia

Neuroblastoma, ganglioneuroma, 
esophageal duplication
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17.2.4  Port and Instrument Size 
Camera Angle

Ideally, a 5 mm diameter should be used for the 
camera with a 30° scope which can help to get a 
better visualization. Three millimeters instruments 
is the better option, especially if the patient is a 
small baby. For those who have an access to the 
3  mm JustRight™ Vessel Sealing System 
(JustRight Surgical, Louisville, USA), this makes 
the surgery safer to perform. Otherwise, hook cau-
tery can be used. Five millimeters instrument can 
be also an option for children and older. Sometimes, 
a stapler is necessary, but a 12 mm port have to be 
introduced which is quite impossible if the surgery 
is done on a small baby, and this could be avoided.

17.3  Indications

The most frequent indication of the thoraco-
scopic approach for a mediastinal mass in chil-
dren is cystic lesion, either a bronchogenic cyst 
or an esophageal duplication cyst, a thymus 
lesion (thymoma), or neuroblastoma.

17.3.1  Esophageal Duplication 
and Bronchogenic Cyst

Foregut duplication cyst are most likely diagnosed 
now prenatally. Once the diagnosis has been done, 
parents are seen in prenatal counselling to explain 
what could be the postnatal management. Surgical 
removal of the cyst can be easily performed within 
the 3 months of age. The diagnosis of cyst is made 
sometimes from an incidental finding on chest 
radiograph or due to respiratory compromise due 
to mass effect or infection. Thoracoscopic resec-
tion has been reported as a safe and effective 
method to remove this kind of cyst [1]. Moreover, 
a study comparing thoracoscopy versus thoracot-
omy demonstrated an operating time and anesthe-
sia time not different between the two groups. 
However, the thoracoscopy group had significantly 
fewer chest tube days (1.6 vs. 3.3  days) and a 
shorter hospital stay (2.6 vs. 6.6 days) [2].

A nasogastric tube is inserted to make the pro-
cedure safer and recognize any esophageal perfo-
ration during the dissection. Operating room 
setting and position of the patient has been 
described already, and the cyst will be operated 
through a right thoracoscopic approach, the oper-
ator in front of the patient, and the screen in his 
back (approach of the posterior mediastinum). 
The cyst can be placed at different level of the 
esophagus, either at the thoracic inlet or above 
the diaphragm. Most of the time, it is located in 
the second third of the esophagus (Fig. 17.3). The 
bronchogenic cyst is surrounding the trachea or 
the main bronchus or even the carina, which 
make sometimes his excision difficult and at risk 
for tracheal or bronchus injury (Fig. 17.4).

Resection must be performed staying as 
close as possible from the cyst to avoid any sur-
rounding tissue injuries. Sometimes, in case of 
duplication cyst, the lesion and the esophagus 
are sharing a common muscular wall which 
needs to be opened if we want a complete resec-
tion. This situation is at high risk of mucosal 
injury. At the end of the procedure, the operator 
can ask the anesthesiologist to pull up the naso-
gastric tube and put it at the same level of the 
resection. Pushing some air in, and using some 
saline, bubbles will be in favor of a mucosal 
hole which needs to be perfectly identified and 

Fig. 17.3 Duplication cyst of the esophagus
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sutured. The muscular layer would be closed 
over to avoid development of a mucosal 
diverticulum.

17.3.2  Thymoma

Myasthenia gravis (MG) is an autoimmune 
chronic disorder affecting postsynaptic acetyl-
choline receptors causing progressing weakness 
and fatigue of voluntary striated muscles. 
Children with MG account for 11–24% of all 
cases [3–5]. Medical treatment of myasthenic 
children is based on anticholinesterase drugs, 
corticosteroids, and other immunosuppressive 
medications [4, 6]. Since the early reports by 
Blalock suggesting that removal of the thymus 
led to clinical improvement in patients with MG, 
thymectomy has played an important role in the 
management of MG [7]. Complete radical thy-
mectomy is believed necessary to maximize sur-
gical results [8–10]. Standard open techniques 
include total or partial sternotomy, the transcervi-
cal approach, and the “maximal” thymectomy 
combining the trans-sternal and transcervical 
approaches. The trans-sternal approach is aggres-
sive with a postoperative morbidity as high as 
33% [8]. The transcervical approach is impli-
cated as a cause of incomplete thymectomy due 
to the poor exposure of the anterior mediastinum. 

Thus, the thoracoscopic approach offering a per-
fect vision of the anatomy and the entire part of 
the thymus should be the preferable approach 
now [11] (Fig. 17.5). The actual indications for 
thymectomy are early, generalized, and moderate 
to severe disease stabilized by medication and 
resistant ocular disease.

The patient is placed on right lateral side for a 
left thoracoscopy. The operator is on the patient’s 
back and the screen in front of the patient. The 
dissection is usually starting by the thymus infe-
rior left horn since it’s the first structure visual-
ized. The dissection is done immediately under 
the sternum taking care about the internal mam-
mal vessel. All the vessels can be perfectly 
 identified due to the magnification especially 
those coming from the top of the thymus and the 
vein coming into the brachiocephalic venous 
trunk. They can be controlled either by knotting 
or using any device such as harmonic scalpel or a 
thermofusion device.

17.3.3  Neuroblastoma

Neuroblastoma is a good indication of thoraco-
scopic approach. Indeed, the posterior mediasti-
num, especially in his superior part, is quite 
difficult to access through an open approach. 
Thus, the thoracoscopic approach is offering a 

Fig. 17.4 Bronchogenic cyst in the superior part of the 
chest

Fig. 17.5 Huge thymoma—dissection done through a 
left thoracoscopic approach
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good vision of the tumor and the surrounding tis-
sues. The other advantages is that some neuro-
genic tumor can be crushed into an endobag 
which is not possible for other kind of tumor such 
as teratoma. Pathology is showing either neuro-
blastoma or ganglioneuroma or even ganglioneu-
roblastoma. Advantages such as less blood loss 
has been also reported with this approach [12].

As described previously, the approach of the 
posterior mediastinum is done with the operator 
in front of the patient and the screen on the back. 
The patient is placed slightly in prone position to 
push down away the lung.

In his dominant localization, the upper part of 
the chest, the camera is introduced as usual at the 
tip of the scapula. A 30° camera angle is better to 
use. The operating ports are introduced following 
the rules of mini-invasive surgery with a good tri-
angulation. It means that, depending of the local-
ization of the tumor, the ports can be inserted 
either on the same camera port posterior axillary 
line or one port posteriorly and the other anteri-
orly (Fig. 17.6).

Thermofusion, LigaSure™ (Medtronic, 
Minneapolis, USA), or HARMONIC® scalpel 
(Ethicon, Issy-Les-Moulineaux, France) [13] are 
helping to the resection taking care to not injure 
the adjacent structures such as the subclavian 
artery, the superior vena cava, the pneumogastric 

nerve, or even the stellar ganglion or the laryn-
geal nerve. Parents should be aware about all 
these complications and especially the risk of 
vocal cord paresis or Horner syndrome [14]. In 
this localization, the tumor can go into the inter-
vertebral foramen, but the complete resection is 
optional, and residual disease can be left in place. 
Once the complete dissection has been done, an 
endobag have to be used to pull out the specimen. 
A 5 mm or a 10 mm might be necessary. The use 
of the posterior incision is preferable avoiding a 
more visible scare.

17.4  Conclusion

Thoracoscopic approach for a mediastinal mass 
should be the preferred approach and even the 
gold standard. Indeed, the possible adverse effect 
of a thoracotomy on a chest ingrowth is some-
thing that should be avoided as often as possible. 
In some selected cases, such as duplication cyst 
or bronchogenic cyst, this surgery could be done 
on a day-case surgery basis.
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Primary Focal Hyperhidrosis: 
Surgical Management

Pablo Laje

18.1  Introduction

Primary focal hyperhidrosis (PH) is a condition 
in which the sweat glands of certain areas of the 
body produce more sweat than what would be 
expected at any given circumstance for adequate 
thermoregulation. The condition generally affects 
the soles, the axillae, and the palms, bringing del-
eterious consequences from psychological, func-
tional, and social perspectives. The actual 
prevalence of the condition is unknown, mostly 
due to underreporting, but it has been estimated 
to be between 2 and 4% in the general Caucasian 
population. The etiology of PH is largely 
unknown, although the frequently positive family 
history suggests a genetic component [1, 2]. Why 
it affects only certain areas of the body and why 
each patient has a different combination of areas 
affected remain a complete mystery. PH affects 
males and females, tends to begin in early child-
hood, and is more prevalent in the Asian popula-
tion than in the Caucasian population. The 
excessive sweating occurs regardless of the tem-
perature of the environment, tends to worsen in 
stressful situations, and in general does not occur 
during sleep.

Patients with certain generalized conditions 
can have excessive sweating in their entire body, 
in sharp contrast with PH. Hyperthyroidism, sys-
temic hypertension, lymphoma, and chronic 
infections are among those conditions, and the 
excessive sweating, named secondary hyperhi-
drosis, is just a sign of an underlying disease. 
Secondary hyperhidrosis must be completely 
ruled out before starting treatment for PH.

Typically, patients with PH have involvement 
of their palms, and/or the soles, and/or the axil-
lae. The excessive sweating of the palms inter-
feres with all manual tasks. Handling papers, 
using touchscreens, driving, and playing certain 
sports (among many other activities) become dif-
ficult and often impossible. Needless to say, the 
social aspect of daily life becomes significantly 
impaired as well.

18.2  Physiology of the Sweat 
Glands

The human body has two main types of sweat 
glands: (1) the eccrine glands, which are located 
throughout the entire body (with a few excep-
tions), concentrated mostly on the palms, soles, 
and face, and which have a thermoregulatory 
function through the production of odorless 
sweat, and (2) the apocrine glands, located 
exclusively in the axillae, areolas, and perineum, 
which are inactive before puberty and produce a 
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thicker secretion which initially is odorless but 
generates a characteristic odor when it mixes 
with bacterial debris. The ducts of the apocrine 
glands typically open into the distal ends of hair 
follicles, whereas the ducts of the eccrine glands 
open directly on the surface of the skin.

The eccrine glands are the ones involved in the 
pathophysiology of PH.  Their function is con-
trolled by a number of local and systemic mecha-
nisms. The direct application of heat on areas 
with eccrine glands triggers a locally mediated 
sweating response. Most importantly, the eccrine 
sweat glands receive sympathetic innervation in 
response to changes in the core body temperature 
and in stressful situations. The sympathetic inner-
vation of the sweat glands is mediated mainly by 
the thermoregulatory center of the hypothalamus. 
The preganglionic cholinergic fibers originate 
from the thoracolumbar region of the spinal cord 
and synapse with the postganglionic neuron via 
nicotinic acetylcholine receptors, as in the entire 
sympathetic system. But the postganglionic 
fibers, which exit the spinal cord and travel along 
the paravertebral sympathetic chain, stimulate 
the sweat glands releasing acetylcholine, which 
is a remarkable exception, since all other post-
ganglionic neurons in the sympathetic system 
release norepinephrine. The acetylcholine stimu-
lates the eccrine sweat glands via muscarinic 
receptors.

18.3  Medical Management

There are several forms of medical therapy for 
patients with palmar PH.  All these forms are 
ongoing treatments, require a long-term commit-
ment, and are by no means a cure.

 – Topical antiperspirants: They are the easiest 
form of therapy [3]. These products consist of 
highly concentrated aluminum chloride (up to 
30%) that is applied daily on the palms, usu-
ally at night, and acts by physically blocking 
the outlet of the sweat glands. This is gener-
ally the first line of therapy, but the results are 
actually quite variable. A common side effect 

and a reason why the treatment is frequently 
abandoned is skin irritation.

 – Botulinum toxin: It works by blocking the 
release of acetylcholine by the postganglionic 
neurons, which prevents the stimulation of the 
eccrine glands. The toxin has to be injected 
directly in the dermis of the skin of the affected 
areas. The procedure is painful and causes 
swelling and inflammation of the area for 
2–3  days. The toxin wears off relatively 
quickly, so it has to be injected every 
3–6 months. It is not a common treatment in 
the pediatric population, and furthermore, the 
use of botulinum toxin for hyperhidrosis in 
pediatrics is not approved by the Food and 
Drug Administration [4].

 – Iontophoresis: It is a form of therapy in which 
the hands are submerged into a pan that con-
tains tap water to which an electrical current is 
applied. The hands need to be submerged for 
20–30 min, once or twice per day, for several 
days. The sweating decreases for a few days, 
and when it returns, the patient needs to repeat 
the treatment. The mechanism of action of this 
form of therapy is unknown. It is not a very 
common therapy, particularly in pediatrics, 
because it requires a significant time commit-
ment and causes a number of unpleasant side 
effects (tingling, numbing, and skin changes). 
The compliance with this form of therapy is 
generally low [5]. There are published series 
in the pediatric population, but the follow-up 
time is short [6, 7].

 – Oral anticholinergic agents: These agents 
work by blocking the muscarinic receptors in 
the cells of the sweat glands, preventing them 
from being activated by the acetylcholine 
released by the postganglionic neuron. The 
most commonly used agents are glycopyrro-
late and oxybutynin. They are quite effective, 
but due to their systemic absorption, they are 
associated to the whole range of side effects 
that all anti-muscarinic agent have: dizzi-
ness, dry mouth, blurred vision, urinary 
retention, and tachycardia, among others. 
Additionally, the long-term consumption of 
anticholinergic agents has been associated 
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with a high  incidence of cognitive impair-
ment and dementia [8, 9].

 – Other treatments: There is a variety of other 
options that include liposuction of the axillary 
region, thermal ablation of the sweat glands of 
the axillary region, ultrasound ablation of 
sweat glands, topical application of traditional 
medicine compounds, topical application of 
anticholinergic gel, oral calcium-channel 
blockers, oral clonidine, and laser application, 
among others, but generally the effectiveness 
of those forms of therapy is very limited, and 
most of them are not approved to be used in 
children.

18.4  Preoperative Evaluation

For patients with palmar PH who do not respond, 
do not tolerate, or do not want to try medical ther-
apies, a thoracoscopic bilateral sympathectomy 
(TBS) is a feasible option. It is recommended, 
however, that patients try topical antiperspirants 
before committing to surgery due to their mini-
mal side effects, because even though the likeli-
hood is low, if the topical antiperspirants provide 
adequate relief, the operation can be avoided.

In order to undergo a TBS, patients must ful-
fill the following criteria:

• Secondary hyperhidrosis must be ruled out. 
This is done through a comprehensive history 
and physical exam. No laboratory tests are 
necessary for typical cases, but cases that are 
questionable must be evaluated by a pediatri-
cian who should rule out hyperthyroidism, 
hypertension, and all other common forms of 
secondary hyperhidrosis.

• Patients must have a normal cardiac physical 
exam and a normal electrocardiogram. Patients 
with any type of arrhythmia or severe baseline 
bradycardia may not undergo TBS (life- 
threatening bradycardia has been reported 
after TBS, requiring lifelong pacing) [10].

• All pediatric patients must be evaluated by a 
pediatric psychologist to make sure that they 
understand the implications of the procedure 
and do not have unrealistic expectations for 

after the procedure. Teenagers in particular 
tend to withdraw from social activities due to 
their hyperhidrosis and may erroneously 
expect that all aspects of their social life will 
improve after the operation. If patients are not 
deemed good candidates due to any psycho-
logic concerns, the TBS should not be done.

• It is imperative that both, patient and parents, 
are in agreement with the plan of undergoing 
a TBS, have read the available literature, and 
have been informed thoroughly about all the 
potential benefits, complications, and side 
effects of the operation. Patients must com-
plete a quality-of-life questionnaire as an 
objective tool to evaluate the postoperative 
outcomes.

18.5  Surgical Technique

 – Anesthesia: The operation is done under gen-
eral anesthesia, with a double-lumen endotra-
cheal tube that will allow the sequential 
deflation of each lung. For smaller patients 
who cannot accommodate a double-lumen 
endotracheal tube, the lungs need to be col-
lapsed with the CO2 pneumothorax. Patients 
do not need an arterial catheter but must have 
an active blood type and screen sample, and 
blood needs to be readily available. A central 
venous catheter is not needed.

 – Positioning: Patients are positioned in supine 
decubitus with the arms extended exposing 
the axillary regions and the arms flexed. The 
elbows and wrists must be carefully padded 
and not hyperextended (Fig. 18.1). The ante-
rior aspect of the neck, the axillary regions, 
and the anterior chest to the level of the 
xyphoid process are prepared and included in 
the surgical field.

 – Trocars: A 3-mm trocar and a 5-mm trocar are 
inserted 1 in. apart in the axillary region at the 
level of the third or fourth intercostal space. 
The 3-mm trocar is placed anteriorly 
(Fig. 18.2).

 – Instruments: A 5-mm, 30-degree scope and a 
3-mm monopolar hook are the only instru-
ments needed. A 3-mm suction cannula must 

18 Primary Focal Hyperhidrosis: Surgical Management



144

be ready to use on the operating table, as well 
as an open thoracotomy instrument tray. We 
typically start on the right side, disconnecting 
the right lung from the ventilator circuit and 
insufflating the thorax with CO2 at very low 

pressure: 2–4  mmHg. Once the right side is 
completed, we re-expand the right lung and 
repeat the procedure on the left side.

 – Procedure: The exact type of intervention to 
be done on the sympathetic chain is a matter 
of constant debate in the literature, and often-
times, articles contradict each other. The sym-
pathetic chain can be clipped (a potentially 
reversible technique), severed (sympathot-
omy), or partially removed (sympathectomy), 
and the level at which to intervene is also a 
matter of debate [11–13]. As a rule, the higher 
the intervention (closer to T2), the higher the 
efficacy but the higher the incidence of com-
pensatory sweating. In our hyperhidrosis cen-
ter at the Children’s Hospital of Philadelphia, 
we performed a bilateral T3 sympathotomy 
with monopolar cautery in all cases [14]. The 
head of the third rib is identified by fluoros-
copy prior to the cauterization (Fig. 18.3). The 
parietal pleura covering the sympathetic chain 
is incised with cautery, and the chain is care-
fully severed without excessive pulling, to 
avoid damage to the stellate ganglion 
(Fig. 18.4). Once the chain is divided, the cut 
ends are pushed apart as far as possible, and 
the third rib is cauterized for a length of 
2–3  in. to burn potential nerve branches that 

Fig. 18.1 Patient positioning for a thoracoscopic bilat-
eral sympathectomy. Ideally patients are intubated with a 
double-lumen endotracheal tube

Fig. 18.2 Trocar placement. The trocars are placed high 
within the axillary region along a skinfold. The 3-mm tro-
car is anterior to the 5-mm trocar

Fig. 18.3 Identification of T3 by fluoroscopy prior to the 
intervention
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may exit and reenter the chain above and 
below the transection point. Once this is com-
plete, we remove the instruments and ports 
and evacuate the pneumothorax with a red 
rubber catheter under water seal. If there has 
been no injury to the lung, no chest tube is 
necessary.

 – Potential intraoperative challenges: If the 
patient has adhesions of the lung to the chest 
wall covering the paravertebral space, which 
is common in adults, a third port may be 
needed to dissect them and expose the sympa-
thetic chain. If the sympathetic chain is cov-
ered by branches of the azygous vein, these 
need to be dissected and cauterized very 
 carefully because delayed bleeding can occur 
(Fig. 18.5).

18.6  Potential Complications 
and Side Effects

The potential complications of the TBS are of 
two types: (1) those related to any thoracoscopic 
procedure (hemothorax, pneumothorax, subcuta-
neous emphysema, and postoperative infections, 
among others) and (2) those inherent to the inter-
vention on the sympathetic chain. Within the sec-
ond category, the most common one is transient 
bradycardia. It tends to occur right after the first 

or the second chain is transected and is generally 
self-limiting, but intraoperative atropine or other 
anticholinergic agents may be needed. Also 
within the second category is Horner’s syndrome, 
temporary or permanent, which results from 
direct or indirect damage to the stellate ganglion 
by excessive stretching of the sympathetic chain 
or by thermal damage. The manipulation of the 
sympathetic chain must be extremely gentle.

Compensatory sweating (CS) is a potential 
side effect of the operation but, interestingly, 
can also occur during medical treatments of 
hyperhidrosis [15]. The pathophysiologic mech-
anism of CS is unknown, and there is no reliable 
way to predict what patient will develop it and 
how severe it will be. A thoracoscopic tempo-
rary sympathetic nerve block with local anes-
thetics is sometimes used in adults as an attempt 
to predict the development of CS, but the reli-
ability is low because the anesthetic wears off 
within 1 week and at least 50% of the cases of 
CS start several weeks after the operation. This 
technique should not be used in children. The 
incidence of CS after TBS varies greatly in the 
literature because it is not well defined and 
patients don’t always report it. In general, teen-
agers have a much lower  incidence of CS than 
adults [16]. Prior to undergoing a TBS, the sur-
geon must clearly discuss with the patient and 
the parents the potential risk of CS.

Fig. 18.4 Monopolar hook cautery is used to divide the 
sympathetic chain (strictly a sympathotomy) without 
excessive traction

Fig. 18.5 Branches of the azygous vein covering the 
sympathetic chain
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18.7  Postoperative Care 
and Follow-up

After the operation is completed, patients are 
admitted for overnight observation in the regular 
surgical unit (intensive care is not needed). Adult 
patients can potentially be discharged the same 
day of the operation. After the operation, patients 
are seen in the hospital 1–2  weeks postopera-
tively, and in our program, we follow up in the 
long term by phone and email at 1  month, 
6 months, 1 year, and yearly thereafter. At all the 
follow-up time points, the patients complete the 
quality-of-life questionnaire.

18.8  Results

The results of the TBS in terms of permanently 
curing the excessive sweating of the palms are 
extremely high (above 95% across the literature), 
and the recurrence rate is remarkably low. 
Improvement of the sweating of the soles, if con-
comitantly present, occurs in 30–50% of the patients 
who undergo TBS for palmar hyperhidrosis.

18.9  Conclusions

For children with focal palmar PH, the TBS is a 
remarkably effective and safe therapeutic option. 
While it carries an intrinsic risk of compensatory 
sweating, it provides a cure in the vast majority 
of cases without any of the lifelong side effects 
and complications of all forms of medical ther-
apy. The operation, however, needs to be done by 
experienced pediatric surgeons in multidisci-
plinary centers.
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Thoracoscopic Treatment 
of Chylothorax

Lucas E. Matthyssens

19.1  Introduction

Chyle or lymph is a milky, noninflammatory, 
alkaline, bacteriostatic bodily fluid composed of 
electrolytes, proteins, glucose, abundant lympho-
cytes, and fat (chylomicrons derived from ali-
mentary fatty acids) [1]. Chylomicrons are 
collected in the lacteals and transported by a net-
work of lymphatic vessels in the small bowel 
wall, connecting to the cisterna chyli (CC), which 
lies in front of the first lumbar vertebral bodies, 
between the abdominal aorta and the inferior 
caval vein. The CC ascends via the aortic hiatus 
into the chest to continue as the thoracic duct 
(TD). The distal TD lies extrapleurally in the pos-
terior right mediastinum between the aorta and 
azygos vein, running dorsal from the esophagus. 
At the sixth to fourth thoracic vertebral body, the 
TD crosses the vertebral column to the left, enter-
ing the superior mediastinum between the aortic 
arch and the subclavian artery. At the thoracic 
inlet, the proximal TD arches above the clavicle, 
passing anterior to the subclavian artery to termi-
nate into the circulation at the level of the conflu-
ence of the left subclavian and jugular veins [1].

Many anatomic variations exist, however, in 
all portions of the TD [1] and can be explained by 
its embryology: during development, the TD first 
grows as two symmetrical tubes, with numerous 
points of fusion between the two tubes that can 
partly develop or disappear. The lower right part 
and the upper left part normally remain and 
become connected, to form a single TD [2], but, 
e.g., duplication of the caudal TD is described in 
38.7% of people [3].

19.2  Chylothorax: Definition, 
Diagnosis, and Classification

Chylothorax (CTX) can be defined as the accu-
mulation of chylous fluid in the pleural space. It 
is a rare condition and the exact incidence in chil-
dren is unknown [1]. Paediatric CTX (pCTX) is 
congenital or acquired and may have several 
causes, according to the age of the child and the 
mechanism; see Table 19.1. In neonates, congen-
ital or spontaneous CTX is mostly idiopathic, but 
genetic predispositions have been described. The 
most common cause of CTX in childhood is 
trauma, specifically surgical treatment of con-
genital (cardio)thoracic disorders [4]. After con-
genital cardiac surgery, CTX is reported in 1 to 
6.6% [5–8], with a higher risk at a younger age, 
in the presence of genetic syndromes (Down, 
Noonan, Turner), with increased procedure com-
plexity and after cavopulmonary anastomosis 
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procedures (Fontan, Glenn) with elevated supe-
rior vena cava pressure [5]. After congenital dia-
phragmatic hernia repair, CTX has been reported 
in 4.6–27%, probably associated to prenatal diag-
nosis, patch repair, and the need for ECMO treat-
ment [8–10].

pCTX should be suspected in a child when 
X-ray or ultrasound of the chest shows pleural 
effusion, especially after a thoracic operation 
[11] (Figs. 19.1 and 19.2). The diagnosis of CTX 
is based upon laboratory analysis of pleural fluid 
[12, 13]; see Table 19.2.

At present, there is no specific classification 
for the reporting of pCTX. To better define the 
severity of pCTX and to allow for better compari-
son between treatment study outcomes, a novel 
classification system for pCTX is proposed, 
based upon two recent complication classifica-
tions [14, 15] and taking into account different 
pediatric management algorithms [1, 5, 6, 16]. 
The novel pCTX classification system (see 
Table 19.3) is easy to use and classifies pCTX in 
three grades with two severity levels. The conse-
quences of prolonged/persisting CTX in children 
may be serious: dehydration by fluid loss, malnu-

Table 19.1 Causes of chylothorax in children

A.  Congenital (mostly presenting as prenatal hydrops 
fetalis or neonatal CTX):

  –  Congenital lymphatic malformations and aplasia, 
hypoplasia or obstruction of the TD, Gorham-
Stout disease

  –  Genetic predispositions: Down syndrome, Noonan 
syndrome, Turner syndrome, Yellow nail 
syndrome, etc.

  – Idiopathic
B. Acquired:
  –  Trauma to the TD or its tributaries: surgical 

(congenital cardiac, congenital diaphragmatic 
hernia, vascular ring, esophageal, scoliosis 
surgery, neck dissection, or lymphadenectomy), 
central venous catheterization, blunt or 
penetrating, or birth trauma

  –  High central venous pressure: single ventricle 
palliation surgery (Fontan, Glenn), thrombosis of 
the superior caval vein

  –  Tumor: mediastinal, neurogenic, lymphoma, 
teratoma, Wilms, ovarian, sarcoma

  – I nfection: granulomatous (tuberculosis, 
histoplasmosis), staphylococcal discitis

  –  Other: sarcoidosis, Henoch-Schönlein purpura

CTX chylothorax; TD thoracic duct

Fig. 19.1 Chest X-ray of a right-sided pleural effusion in 
a neonate

Fig. 19.2 Diagnosis of pleural effusion by thoracic ultra-
sound in the same neonate as Fig. 19.1

Table 19.2 Diagnostic criteria of chylothorax, at bio-
chemical and microscopic analysis of pleural fluid (see 
also [12, 13])

Main criteria:
 –  Triglyceride concentration in the fluid: >110 mg/dL 

(1.2 mmol/L)
 –  White cell count >1000 cells/μL with a significant 

lymphocyte fraction (>80%)
Additional criteria:
 – Triglyceride/cholesterol ratio >1
 – Presence of chylomicrons at microscopy
 – Sterile culture
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trition, and immunosuppression due to loss of 
lymphocytes, lipids, and proteins (protein C, pro-
tein S, antithrombin III, etc.) may predispose the 
young patient to infections, delayed healing, 
thrombosis, weight loss, failure to thrive, and 
longer hospital stay with increased need for sup-
pletion of fluids, albumin, fresh frozen plasma, 
intravenous immunoglobulins, and a potential 
increased risk for inhospital mortality [7, 8].

19.3  Management 
and Indications for Surgery

There is at present no overall evidence-based 
consensus regarding the best management of 
CTX in children. Authors from several institu-
tions have reported different algorithms based on 
physician experience and preference [1, 5, 6, 16]. 
Treatment starts by repeated thoracocentesis/tho-
racic drainage (Fig. 19.3) and generally a conser-
vative therapy by step-up approach going from 
dietary changes (starting enteral feeding with 
medium chain triglyceride (MCT) diet) (pCTX 
grade 1) to nil per os (NPO) and total parenteral 

nutrition (TPN) (pCTX grade II), with or without 
the addition of drug treatment (somatostatin, 
octreotide, etilefrine, others) and adjuvant, sup-
portive measures. Depending on age and cause, 
approximately 71–87% of children will be treated 
conservatively [5, 12, 13, 16, 17]. The remaining 
13–29% will need more invasive, surgical treat-
ment [7].

The ideal timing of surgical treatment for 
pCTX remains however controversial. Surgical 
treatment is generally recommended in pediatric 
patients if:

 – Chylous drainage exceeds 100 mL per year of 
age daily or more than 50 mL/kg/day for more 
than 7 days [4, 10].

 – Conservative treatment is not successful with 
chylous drainage of more than 10 mL/kg/day 
after 3–4 weeks of treatment [6, 10, 12, 13, 17].

 – Earlier in case of nutritional or cardiorespira-
tory complications [10, 18].

The goals of surgical therapy for CTX are 
twofold: to drain the chyle from the pleural space 
to relieve effects of compression and to stop the 
leak of chyle with its resulting fluid, electrolyte, 
nutritional, and immunologic losses [19].

Table 19.3 Proposal for classification of chylothorax in 
infants and children (based upon [1, 5, 6, 14–16])

Paediatric Chylothorax (pCTX) grade
 pCTX Grade I:  Treatment by thoracocentesis/drainage 

and dietary modifications (enteral 
MCT-diet) with/without medicationa

 pCTX Grade II:  Treatment by thoracocentesis/drainage 
and Nil Per OS (NPO), total parenteral 
nutrition (TPN) with/without 
medicationa

 pCTX Grade III:  Treatment by thoracocentesis/
drainage and surgical (or 
interventional-radiological) therapy

Severity level:
 A:  Drain output, <100 mL per year of age per day 

(infants, <10 mL/kg/day)
 B:  Drain output, ≥100 mL per year of age per day 

(infants, ≥10 mL/kg/day)
For example, a chylothorax in a 2-year-old child with 
drain(s) initially producing 300 mL per day and 
successfully treated by initiating TPN with 
octreotide = chylothorax grade IIB

MCT medium chain triglycerides; kg kilogram; mL milliliter; 
TPN total parenteral nutrition; with/without with or without
aSomatostatin, octreotide, etilefrine, and others

Fig. 19.3 Chest X-ray after the placement of a tho-
racic drain on the right side, same neonate as Figs. 19.1 
and 19.2
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Different surgical options are available for the 
treatment of persisting CTX:

 – Closure of the leak or TD.
 – Pleurodesis (mechanical or chemical).
 – Placement of a pleuroperitoneal shunt.

Especially in postoperative CTX patients, 
where a localized leak can be expected, is TD 
ligation a very effective intervention, with high 
success rate and relatively low morbidity [19].

In case of congenital/spontaneous CTX, 
treatment by pleurodesis is more recom-
mended [20–23]. Both techniques can be per-
formed by thoracoscopy and will be discussed in 
detail below.

19.4  Why (Not) Thoracoscopy?

Thoracoscopy is now the treatment approach of 
choice for CTX, also in children: it is safe and 
attractive as it reduces surgical trauma while 
enhancing visualization of intrathoracic struc-
tures by magnification, which is especially useful 
in small children and for identification of the TD 
and leaks [19, 24]. Compared to thoracotomy, 
thoracoscopy offers easy manageability, low 
morbidity [11], a low rate of complications, and 
potentially better cost- effectiveness [17, 25], but 
single-lung ventilation is needed. Extensive pleu-
ral adhesions can be an unforeseen problem and 
may force conversion to an open procedure 
[19, 24]. In case of problems or contraindications 
to obtain single-lung ventilation, a mini-thoracot-
omy of 4–5 cm with one additional 5-mm trocar 
for the scope may offer a good alternative [16].

19.5  Locating the Leak?

In postoperative CTX, the location of the leak is 
mostly clear. If not, lymphangiography (direct or 
intranodal), lymphangio-magnetic resonance 
imaging (MRI), or computed tomography (CT)-
lymphangiography may be performed. Lymphos-

cintigraphy or multidetector-row CT may also 
identify the location of chylous leak. Most 
authors do however not recommend preoperative 
localization by diagnostic lymphangiography in 
postoperative CTX before thoracoscopic explo-
ration. In the rare cases of CTX recurrence after 
thoracoscopic treatment, lymphangiography 
may be useful to indicate whether the leak fol-
lows an alternate route or if there is intent to 
embolize the TD [26].

19.6  Preoperative Preparation 
of the Patient

Apart from the routine fasting regime, 3–4 h pre-
operatively, the patient is given 200  mL lipids 
(cream) per os or by nasogastric tube to enhance 
visualization of the thoracic duct [4]. If neces-
sary, this can be repeated intraoperatively.

19.7  Positioning

Under general anesthesia, the child is ventilated by 
elective left main stem bronchus intubation (con-
trolled by fiber-optic bronchoscopy), to obtain 
total collapse of the right lung. Prophylactic intra-
venous antibiotics (cefazolin) are adequately 
administered, and a large-bore nasogastric tube 
(Ch 12–16, depending on the size of the patient) is 
introduced into the esophagus to facilitate intraop-
erative identification. The child is then positioned 
in left lateral decubitus and in 30–45°/near total 
prone position with axillary roll and protective 
paddings [22]. As for most thoracoscopic proce-
dures, the operating surgeon stands in front of the 
patient (facing the ventral side of the patient) with 
the first assistant (camera-person) beside him. The 
operating nurse stands opposite them at the foot-
side of the operating table, to easily pass the instru-
ments. The insufflator column with first monitor/
screen is positioned in front of the operating sur-
geon and assistant. An additional monitor/screen 
for the operating nurse is placed behind the operat-
ing surgeon (Fig. 19.4).
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19.8  Operative Technique

19.8.1  Thoracoscopic Thoracic Duct 
Ligation

After cutaneous disinfection with chlorhexi-
dine digluconate 0.5% in alcohol 70% and ster-
ile draping of the right chest, a 5-mm incision 
is made in the direction of the skin creases near 
the distal point of the scapula (posterior axil-
lary line) at the 6th–seventh intercostal space. 
After blunt dissection by curved hemostat for-
ceps onto the pleura, a 5-mm trocar with blunt 
tip is introduced into the pleural cavity. 
Introduction of a 5-mm 30-degrees laparo-
scope with camera confirms correct intrapleu-
ral position by direct vision. The 5-mm trocar 
is temporarily fixed to the skin with a 4–0 
stitch, and a pneumothorax is created by gentle 
insufflation of carbon dioxide (CO2) at a maxi-
mum pressure of 4 mmHg (torr) and a flow of 
1  L/min, aiding at total collapse of the right 
lung. Two 3-mm working trocars are then 
introduced by stab incisions under direct thora-
coscopic control: one at the midaxillary line in 
the fifth intercostal space and one at anterior 
axillary line in the 7th–eighth intercostal space. 
If later on clips are to be used, a 3-mm trocar 

will be changed for a 5-mm trocar. Treatment 
starts with the evacuation of chyle by suction 
and irrigation with warm physiological serum. 
Adhesiolysis is gently performed where neces-
sary. The azygos vein and aorta are identified, 
and the parietal pleura between the azygos vein 
and spine is opened with electrocoagulation, 
which is also used for the division of the infe-
rior pulmonary ligament [4, 22, 25]. The medi-
astinal pleura is incised just above the 
diaphragm to expose and identify the esopha-
gus. By blunt dissection, the esophagus is 
mobilized away from the spine and retracted 
anteriorly [19]. After identification of the pale, 
tubular TD (if necessary helped by intraopera-
tive administration of extra cream or olive oil 
via the nasogastric tube), active leakage of 
chylous fluid may be observed. The leak in the 
TD is then controlled by placing at least two 
transfixing sutures (polypropylene 4–0) (or 
endoscopic clips), first above/proximal and 
then distal on the TD, just above the diaphragm 
[4]. Fibrin glue can be sprayed over the medi-
astinal region, especially if the exact site of 
injury cannot be identified or if fibrosis of the 
tissues near the duct makes dissection difficult 
[11, 19, 22]. In case of doubt on the exact iden-
tification of the TD, supradiaphragmatic mass 
ligature is preferable, by placing several 
sutures in the soft tissue of the area between 
the aorta and azygos vein, covered thereafter 
with fibrin glue [3]. At the end of the proce-
dure, a silicone chest tube (mostly 15Fr, but 
depending on the size of the patient) is left in 
place, exteriorized by one of the trocar open-
ings, fixed to the skin with a braided 3–0 stitch, 
and connected to a conventional thoracic drain-
age reservoir with water seal system. 
Insufflation is stopped, trocars are removed 
under direct vision, hemostasis is checked, and 
while the right lung is gently recruited by the 
anesthesiologist, the incisions are closed in 
layers where appropriate with polyglactin 4–0 
or 5–0 intracutaneous sutures, covered by 
Steri-Strips or glue (Fig. 19.5).

Azygos vein

Thoracic duct

Esophagus

Aorta

Fig. 19.4 Schematic position of the patient and opera-
tive instruments during thoracoscopy [27]
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19.8.2  Thoracoscopic Pleurodesis

Obliteration of the pleural space either chemi-
cally (by instillation of talc, fibrin glue, 
povidone- iodine, OK-432, or other sclerosing 
agents) or mechanically (by pleural abrasion) is 
another surgical option to the management of 
CTX that can also be performed thoracoscopi-
cally in children [17, 28]. Pleurodesis (PD) can 
be performed primarily as a stand-alone proce-
dure [21] or concomitant after TD or mass liga-
tion [16, 20, 22, 29]. PD can also be performed 
as a second-line procedure, in rare cases of CTX 
recurrence after TD ligation [17]. Mechanical 
PD by pleural abrasion is preferable, especially 
in neonates and small infants as severe adverse 
effects have been reported after chemical PD 
with povidone-iodine [21]. Thoracoscopic abra-
sion is performed by scratching the parietal, 
mediastinal, and diaphragmatic pleura with the 
raw surface of an instrument or tissue, and a cut 
piece of tip cleaner is very useful for this [21]. 
Care must be taken not to injure the phrenic or 
other nerves. PD by pleurectomy is not really 
recommended in case of CTX, as damage to sub-

costal lymph vessels may actually worsen the 
CTX [11].

19.9  Postoperative Care

After the operation, the patient is kept nil per os 
with TPN administered intravenously until the 
thoracic drain volume shows a decrease below 
10 mL/kg/day. At this moment, enteral feeding by 
MCT-diet is gently restarted. When further vol-
ume decrease is seen, TPN can be weaned step-
wise. The chest drain can be removed if enteral 
feeding is restarted and drainage volume drops 
below 2 mL/kg/day. The MCT-diet is continued 
for 4 weeks after removal of the chest drain.

19.10  Results

Success of the procedure can be defined as cessa-
tion of chylous drainage (< 2 mL/kg/day) within 
14  days after the surgical intervention [7]. 
Surgical TD ligation has a success rate of up to 
90% in children refractory to medical therapy [7, 
16]. Review of the literature on thoracoscopic 
treatment of pCTX (Table 19.4) shows many case 
reports and small case series but very good results 
with a contemporary success rate between 86 and 
100% [4, 9, 16, 17, 20–25, 28–33].

19.11  Tips and Tricks

 – CTX may present at the right or left side or 
bilateral. Thoracoscopic exploration and 
TD ligation are possible from both sides. 
The procedure is preferably performed on the 
side of the effusion or in the right hemithorax 
if bilateral [16].

 – Pledgetted sutures can be used to reinforce TD 
ligation [16].

 – The use of tissue-sealing technology to seal 
and/or divide the TD has been described in 
pediatric thoracoscopic CTX treatment with 
success [22, 30].

Azygos vein

Thoracic duct

Lung

Esophagus

IVCAo

Applied
clip/sutures

Diaphragm

Fig. 19.5 Schematic intraoperative view on the 
 thoracic duct and its anatomical relations during 
 thoracoscopy [27]

L. E. Matthyssens



153

 – Mass ligation in the fatty tissue between the 
azygos vein, aorta, esophagus, and spine may 
also be performed after TD ligation as there 
may be anatomical variations including acces-
sory ducts [16].

19.12  Discussion

Forty-eight years after the first successful TD 
ligation by Lampson in 1946, Graham et  al. 
reported on the successful thoracoscopic diag-
nosis and treatment of a 15-month-old child 
with spontaneous CTX [25]: thoracoscopy 
revealed a rent in the posteroinferior pleura, 
multiple clips were applied to the pleural defect, 
and the area was covered with fibrin glue. The 
chest tube was removed on postoperative day 3, 
and the child was discharged the following day 

[25]. At present, there are no evidence-based 
data available favoring one specific surgical 
method for the minimal invasive treatment of 
CTX in children. Reported case series are small, 
causes and clinical presentations vary, and dif-
ferent surgical treatment options are available. It 
seems however logical to approach this rather 
rare problem by a minimal invasive and patient-
tailored approach:

First, the minimal invasive approach by tho-
racoscopy is safe and effective, offering aug-
mented visualization and avoiding the morbidity 
of thoracotomy. Second, the type and timing of 
surgical treatment need to be adapted to the 
individual patient, based upon age, history, and 
clinical presentation: neonates with congenital 
CTX and especially high-output CTX (exceed-
ing 50  mL/kg/day) will certainly benefit from 
mechanical pleurodesis, with or without TD (or 

Table 19.4 Reported patients and outcomes of thoracoscopic treatment of chylothorax in children in the literature

Author (year) Ref n CTX Cause n VATS Agea Weightb Type Success %
Graham (1994) [25] 6 SCVT,I/C 6 1 nc PD, 1 PPC + FG 6 100
Burke (1995) [24] 2 PCS 2 4.6 16.5 TDL 0 0
Stringel (2000) [4] 1 PCS 1 4 nc TDC + ML 1 100
Takahashi (2001) [31] 1 PCS 1 0.08 2.5 TDC? (ns) 1 100
Watanabe (2005) [32] 1 I/C 1 0.16 1.7 TDL? (ns) 1 100
Achildi (2006) [29] 1 Spont. 1 2 13 TDL + FG + PD 1 100
Khelif (2007) [30] 6 PCS 2 4.5 nc TDS 2 100
Soto-Martinez (2009) [17] 1 Traum. 1 2 nc ML 1 100
Cleveland (2009) [20] 23 PCS, I/C, O 1 0.08 3.5 ML 1 100
Komuro (2010) [9] 1 CDHL 1 0.08 2.5 TDL + FG 1 100
Le Nué (2010) [21] 10 I/C 3 0.08 nc PD 3 100
Pego-Fernandes (2011) [16] 64 PCS 14 2.3 nc TDL, 4TDL + PD 12 86
Kumar (2013) [33] 1 Spont. 1 1.7 12 TDC 1 100
Noda (2013) [28] 1 GSD 1 15 nc ML + FG + PD x2 1 100
Slater (2015) [22] 21 PCS, I/C, O 21 nc nc TDS + FG + PD 19 90
Clark (2015) [23] 14 I/C 6 0.08 2.7 PPC + FG + PD 6 100

CDHL left congenital diaphragmatic hernia repair; CTX chylothorax; FG fibrin glue; GSD Gorham-Stout disease; I/C 
idiopathic/congenital chylothorax; ML mass ligation; nc not communicated; n CTX number of patients with CTX; ns 
not specified; n VATS number of CTX patients treated by thoracoscopic intervention; O other causes; PCS post cardiac 
surgery; PD pleurodesis; PPC parietal pleural clipping; SCVT superior caval vein thrombosis; spont. Spontaneous 
CTX; success resolution of CTX after the surgical intervention; TDC thoracic duct clipping; TDL thoracic duct ligation; 
TDS thoracic duct sealing; traum. traumatic
aAge of the patient: mean age in years (0.08 = first month of life)
bWeight of the patient: mean weight in kilograms
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mass) ligation (with or without fibrin glue) 
[20–23, 29]. Children with traumatic/postopera-
tive CTX caused by a leak are likely treatable by 
thoracoscopic TD ligation. If the TD cannot be 
identified at thoracoscopic exploration, supra-
diaphragmatic mass ligature, with or without 
fibrin glue instillation, may be the best alterna-
tive [3, 19]. The timing of surgical treatment 
should also be adapted to the individual patient, 
and correct classification may be of help: in 
order to prevent further chylous losses and clini-
cal deterioration, patients with severe, high-out-
put pCTX (pCTX severity level “B,” Table 19.3) 
may benefit from earlier surgical treatment. 
Finally, every patient may have a different anat-
omy of the TD due to frequent embryological 
variations. As technology evolves fast, novel 
techniques are on their way to better delineate 
lymphatic anatomy preoperatively by MR-TD- 
ography or 3D imaging [2, 34], and also intra-
operative guidance by near-infrared fluorescence 
lymphography (NIRFL) with indocyanine green 
(ICG) is promising [35].
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Thoracoscopic Congenital 
Diaphragmatic Hernia (CDH) 
Repair

Holger Till and Ahmed El Haddad

20.1  Introduction

Since the introduction of thoracoscopic repair for 
congenital diaphragmatic hernia (CDH) by Van 
der Zee and Bax in 1995 [1], this approach has 
always been one of the most challenging in neo-
natal MIS. For more than two decades, technol-
ogy improved and made it increasingly feasible, 
but surgical complications like recurrence rate 
never reached open standards. It seemed that 
minimal invasive surgery (MIS) of CDH had a 
performance problem [2]. Furthermore observa-
tions of intraoperative hypercapnia and severe 
acidosis raised medical concerns [3]. Thus today, 
unlike other neonatal MIS procedures, CDH 
repair has not yet reached the status of a “gold 
standard” for the complete spectrum of patients 
[4]. Instead the academic discussion has identi-
fied key points of success calling for a “smart” 
selection of neonates and specialized teams. The 
following chapter will deal with such details to 
improve overall success rate in this very delicate 
group of patients.

20.2  Preoperative Preparation

Neonates with CDH present a spectrum of peri-
natal pathophysiology, especially pulmonary 
hypoplasia associated with decreased oxygen-
ation as well as pulmonary vascular hypertension 
causing impaired pulmonary circulation. When it 
comes to timing of surgery, any repair should 
take these comorbidities into consideration. The 
CDH EURO Consortium recommends surgery 
[5] once the following criteria have been met:

• Mean arterial blood pressure has reached nor-
mal values for gestation.

• Preductal saturation levels of 85–95% SaO2 
on fractional inspired oxygen below 50%.

• Lactate below 3 mm/L.
• Urine output more than 2 mL/kg/h.

Besides timing of surgery, “smart” preopera-
tive selection of neonates seems advisable espe-
cially to improve outcome of thoracoscopic 
procedures. Putnam [6] published for the CDHSG 
a query from 2007 to 2015 and concluded that 
larger defects (types C and D) were associated 
with higher recurrence rates. Costerus [7] recom-
mended avoiding neonates with “liver up.” We 
will discuss such details later again, but it seems 
worth mentioning at this point for optimal preop-
erative preparation.

Since thoracoscopic repair of neonatal CDH 
requires a well-trained and well-educated team, 
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all of these preoperative considerations should be 
discussed within the team ahead of any operation 
to avoid intraoperative disagreement and 
impaired performance.

20.3  Positioning

The patient is placed in an almost prone position 
(Fig. 20.1) with the affected side slightly up and 
the arm raised above over the head. Especially in 
neonatal CDH repair, the baby could be placed 
across the table if the surgeons prefer to work 
over the head (Fig. 20.2). As for all MIS proce-
dures, the room should be set with ergonomic 
precision with the surgeon, the patient, and the 
monitor arranged in a straight line.

20.4  Instrumentation

Basically a regular neonatal MIS set including 3 or 
3.5  mm short instruments, hook cautery, needle 
holder, and knot pusher (in case of extracorporeal 
knotting) seems sufficient. Any kind or brand of 
adequate (short) ports seems fine; however there 
are some special ports available, which require 
hardly any space within the thoracic cavity and 
anchor fine at the same time (e.g., RoTaLock) 
(Fig. 20.3). Similarly any kind of sutures that the 
surgeon uses for open repair is fine for MIS as well 
(just follow you standards); however care must be 
taken about the shape and size of the needle. It 
must pass through the port without too much 
bending and should match the limited space inside 
the small thoracic cavity. We prefer 3/0 or 4/0 
Ethibond on a RB-1 needle. Finally, if patch repair 
is required, it seems advisable to test which mate-
rial passes through the trocars before surgery.

Finally, if additional pathologies like an extra-
pulmonary sequestration are expected, the instru-
mentations must be extended to allow for careful 
resection, i.e., sutures, clips, and specimen bag.

20.5  Technique

The first port is placed just at the tip of the scap-
ula usually in the mid-axillary line of the fourth 

Fig. 20.1 Newborn with CDH placed lateral or almost 
prone with the affected side slightly up

Fig. 20.2 The surgeon stands at the head of the newborn 
with CDH, the camera man on his left. Triangulation of 
the ports (5  mm expandable optic port, 3  mm working 
ports, RoTaLock™). Ports positions: camera port at the 
tip of scapula, right and left working ports in the axillary 
lines creating an ergonomic triangle

Fig. 20.3 “Early” view down toward the CDH with most 
of the intestine still in the thorax. Note the RoTaLock™ 
port anchored and using hardly any space within the neo-
natal thoracic cavity
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or fifth intercostal space (better not too low). We 
prefer an open introduction without using the 
Veress needle. The intrathoracic position is care-
fully checked with the scope, and gentle insuffla-
tion of CO2 (0.1 L/min and a maximal pressure of 
3–5 mmHg) is started. If desaturations are noted 
at this time, the team is prepared to carefully 
observe, whether equilibration occurs without 
major acidosis. In case of doubt, CO2 insufflation 
may even be stopped for a while and started later. 
Usually the baby adapts to this situation after 
5–10  min. Thereafter two working ports are 
introduced under vision in the anterior and poste-
rior axillary line of the fourth or fifth intercostal 
space aiming for an ergonomic triangle with the 
tip pointing down to the diaphragm (Fig. 20.2).

Once the ports are in place, the procedure con-
tinues by gentle reduction of the intestinal organs. 
Gentle reduction means pushing loops of bowel 
with open or closed atraumatic graspers down 
toward the diaphragm (Fig. 20.4). Gradually the 
thoracic cavity empties, the size of the defect 
becomes more apparent, but major challenges, 
i.e., the spleen and the stomach, are still to come. 
At this point continuous CO2 insufflation may not 
be necessary anymore.

Reduction of the spleen requires special atten-
tion. It should never be grasped, because this will 
inevitably damage the capsule and cause bleed-
ing. Sometimes it nicely follows the stomach 

being reduced (which may be grasped gently). 
Especially in small defects, it may be advisable 
to hold the anterior leaf of the diaphragm and 
“open the door” into the abdominal cavity. In 
most cases pushing the spleen with the shaft of a 
blunt grasper placed completely across the spleen 
allows atraumatic reduction. Once the spleen is 
in the abdomen, it usually “occludes” the defect 
avoiding reherniation.

The paradigm that resection of a hernia sac is 
not necessary has changed. Instead it is believed 
that it should be incised circumferentially (scis-
sor, electrocautery) close to all diaphragmatic 
leaves allowing for direct scarring of the muscle. 
Thereafter, just like in classical open approach, 
the posterior rim of the diaphragm should be 
mobilized to reduce as much tension as possible. 
This concludes the reduction phase. If an addi-
tional pathology like an extrapulmonary seques-
tration covering the CDH is present, it should be 
dealt with simultaneously. Please note that the 
aberrant abdominal vessel may pass directly 
through the hernia sac of the CDH and should be 
handled with care. Finally the size of the defect 
can be assessed completely (Fig. 20.5).

The reconstruction of the diaphragm usually 
starts at the medial portion of the defect. In larger 
left-sided defects, care must be taken not to 
include the esophagus into the first stitch. Step by 
step the diaphragm is approximated, and every 
time the surgeon should critically assess, whether 

Fig. 20.4 Gentle reduction of the content with open or 
closed instrument toward the defect

Fig. 20.5 Assessment of the CDH after complete 
reduction
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any tension has been created. Most experts agree 
today that only a tension-free reconstruction 
avoids later recurrence. In any case of doubt 
either a patch repair should be started or accord-
ing to Costerus [7] recommendation, conversion 
to open surgery may improve outcome.

Closing the posterolateral portion of the defect 
remains demanding. In some cases it may be 
advisable to start with this challenge. Since the 
space is rather limited, transcutaneous stitches 
around the rib and into the corner of each dia-
phragmatic leave may make this step rather easy. 
We recommend identifying the optimal position 
of such stitches by pushing from the outside. 
Then a stab incision is made into the skin, and the 
(straightened) needle is passed into the thoracic 
cavity. The needle is grasped from the inside, 
stitched through both diaphragmatic leaves, and 
passed to the outside on the other side of the same 
rib. The same skin incision can be pushed over 
the tip of the needle, and the knot can be buried 
underneath. Further interrupted stitches finally 
close the defect (Fig. 20.6).

If a patch repair is required (Fig. 20.7), it fol-
lows the basic principles of open surgery. The 
only challenge remains how to measure the ade-
quate size (including some redundancy) and pass 
it inside. Most patch materials can be rolled and 
passed through the 5  mm optical port after 
removal of the cap. Then the scope is reintro-
duced pushing the patch completely inside. With 

great care the patch is unrolled, positioned, and 
sutured to the diaphragmatic leaves as well as 
around the rib(s) (Fig. 20.7).

At the end of the procedure, suction and irri-
gation may be necessary to clean the thoracic 
cavity, but most surgeons would not leave a tho-
racic drain as it may cause overstretching of the 
pulmonary parenchyma.

20.6  Postoperative Care

The patient is brought back to the ICU or neona-
tal ward, and standard care is usually started 
immediately.

20.7  Results

Over the last decades, numerous reports with 
variable level of evidence have been published. 
As mentioned in the introduction, present results 
of thoracoscopic CDH repair in neonates do not 
show a general benefit over open surgery. Instead 
intraoperative complications like hypercapnia, 
acidosis, or decreased cerebral oxygenation must 
be observed as much as long-term recurrences. 
However experts in the field have identified that 
“smart patient selection” may improve outcome. 

Fig. 20.6 Same patient as Figs. 20.4 and 20.5 after com-
plete and tension-free closure of the CDH

Fig. 20.7 Larger defects may be closed by GORE-TEX® 
patching for a tension-free repair
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Finally note that potential benefits of MIS such as 
early recovery, less pain, or more rapid extuba-
tion may not be as relevant for neonates with 
CDH if they require prolonged treatment in an 
ICU anyhow [3].

20.8  Tips and Tricks

 – Team training and mutual understanding of 
intraoperative challenges (hypercapnia, acido-
sis) seem essential.

 – Select your patient’s right: careful with liver 
up and type C or D defects.

 – Avoid any tension on the reconstruction.
 – Transcutaneous corner stitches, especially 

around the ribs, add stability.
 – Patches should be as redundant as possible.

20.9  Discussion

Despite all technical developments and individ-
ual surgical training, MIS repair of neonatal CDH 
remains a challenge and requires careful consid-
erations and patient selection.

First CDH represents a spectrum of postnatal 
pulmonary hypoplasia and vascular hyperten-
sion. As in open surgery, guidelines should be 
respected, when to operate. Moreover it seems 
obvious that extensive CO2 insufflation during 
surgery in patients that already suffer from hyper-
capnia must carefully be observed. Bishay and 
others raised a special concern about significant 
intraoperative hypercapnia and severe acidosis 
[8]. Even impaired cerebral oxygenation observed 
by near-infrared spectroscopy (NIRS) must be 
encountered. Consequently most experts in pedi-
atric endosurgery today recommend gentle insuf-
flation and “no gas” after the reduction. 
Additionally cerebral oxygenation should be 
monitored intraoperatively by NIRS.

To improve long-term outcome, adequate 
patient selection seems essential. Lacher et al. [9] 
performed a survey among IPEG members about 
the contraindications for thoracoscopic CDH 
repair. Participants said no to patients on ECMO 
(78%), after ECMO (42%), liver in the chest 

(32%), and right-sided hernia (15%). Of course 
this list has not been validated by major studies 
yet, but it seems “good to know” as an individual 
guide especially in centers with few cases per 
year.

Putnam [6] clearly identified two key predic-
tors for failure of the repair when analyzing data 
from the CDHSG registry from 2007 to 2015: in 
3984 patients he found that (1) large defect sizes 
(type C, odds ratio (OR) 4.3; type D, OR 7.1) and 
(2) MIS (OR 3.2) were independent predictors of 
recurrence.

Costerus [7] developed a critical selection pro-
cess after comparing the Rotterdam data of open 
versus thoracoscopic neonatal CDH repair. This 
selection process included all factors mentioned 
above like hemodynamic stability, liver down, 
size of defect, but also the surgeon’s technical 
ability and choice. In their hands such a selection 
process showed its efficacy, because outcome of 
open versus thoracoscopic CDH repair was 
almost identical after adequate selection.

Of course surgical risks have to be balanced 
against benefits for the patient. Avoiding a lapa-
rotomy wound is obviously a lifelong benefit 
over three stab incisions in the axillary lines. 
However some potential benefits of MIS like less 
pain or earlier recovery may not be as relevant for 
neonates with CDH staying in the ICU for a cer-
tain period of time anyway [3]. However Putnam 
[4] confirmed that MIS approached was associ-
ated with a decreased length of hospital stay 
(LOS) and lower incidence of small bowel 
obstructions (SBO).

In summary thoracoscopic repair of CDH in 
newborns is certainly technically feasible but 
requires education about the medical challenges 
and individual training of surgical skills. Critical 
preoperative patient selection seems mandatory 
to minimize long-term morbidity. Critical intra-
operative observation of potential “biological” 
problems like decreased cerebral oxygenation or 
prolonged acidosis should be standardized. 
Critical reconstruction avoiding tension on the 
primary reconstruction or patch repair will cer-
tainly decrease recurrence rates. Finally late pre-
senters are obviously perfect candidates for 
thoracoscopic repair of CDH.

20 Thoracoscopic Congenital Diaphragmatic Hernia (CDH) Repair



162

References

 1. van der Zee DC, Bax NM. Laparoscopic repair of con-
genital diaphragmatic hernia in a 6-month-old child. 
Surg Endosc. 1995;9(9):1001–3.

 2. Tsao K, Lally PA, Lally KP, Congenital Diaphragmatic 
Hernia Study Group. Minimally invasive repair of 
congenital diaphragmatic hernia. J Pediatr Surg. 
2011;46(6):1158–64.

 3. Fujishiro J, Ishimaru T, Sugiyama M, Arai M, Suzuki 
K, Kawashima H, et al. Minimally invasive surgery for 
diaphragmatic diseases in neonates and infants. Surg 
Today. 2016;46(7):757–63.

 4. Putnam LR, Tsao K, Lally KP, Blakely ML, 
Jancelewicz T, Lally PA, et al. Minimally invasive vs 
open congenital diaphragmatic hernia repair: is there 
a superior approach? J Am Coll Surg. 2017b;224(4): 
416–22.

 5. Snoek KG, Reiss IK, Greenough A, Capolupo 
I, Urlesberger B, Wessel L, et  al. Standardized 
 postnatal management of infants with congenital 

diaphragmatic hernia in Europe: the CDH EURO 
Consortium Consensus—2015 update. Neonatology. 
2016;110(1):66–74.

 6. Putnam LR, Gupta V, Tsao K, Davis CF, Lally PA, 
Lally KP, et  al. Factors associated with early recur-
rence after congenital diaphragmatic hernia repair. J 
Pediatr Surg. 2017a;52(6):928–32.

 7. Costerus S, Zahn K, van de Ven K, Vlot J, Wessel 
L, Wijnen R.  Thoracoscopic versus open repair of 
CDH in cardiovascular stable neonates. Surg Endosc. 
2016;30(7):2818–24.

 8. Bishay M, Giacomello L, Retrosi G, Thyoka M, 
Garriboli M, Brierley J, et al. Hypercapnia and acido-
sis during open and thoracoscopic repair of congenital 
diaphragmatic hernia and esophageal atresia: results 
of a pilot randomized controlled trial. Ann Surg. 
2013;258(6):895–900.

 9. Lacher M, St Peter SD, Laje P, Harmon CM, Ure 
B, Kuebler JF.  Thoracoscopic CDH repair—a 
survey on opinion and experience among IPEG 
members. J Laparoendosc Adv Surg Technol A. 
2015;25(11):954–7.

H. Till and A. El Haddad



163© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_21

Thoracoscopic Repair 
of Esophageal Atresia and/or 
Tracheoesophageal Fistula

Dariusz Patkowski

21.1  Introduction

The thoracoscopic repair of esophageal atresia 
(EA) and/or tracheoesophageal fistula (TEF) is 
one of the most challenging endoscopic proce-
dures. The first reported thoracoscopic repair of 
pure esophageal atresia (EA) was in 1999 fol-
lowed by the next year report of first case of EA/
TEF, both done by S.  Rothenberg [1, 2]. The 
experience with a novel technique is growing 
systematically however only in a few centers 
is regarded as a standard procedure. The citied 
advantages of a novel procedure are an excellent 
visibility of anatomic structures and a potential 
decreased morbidity due to avoidance of the 
open thoracotomy consequences. The results 
are at least comparable to open technique [3]. 
However, according to IPEG 2013 survey, only 
half of the responders were using thoracoscopic 
approach [4].

The primary aim of this chapter is to provide 
the practical information about thoracoscopic 
repair of EA/TEF. Author’s personal experience 
is more than 160 cases operated by thoracoscopic 
approach for different types of EA/TEF malfor-
mations [5].

21.2  Preoperative Preparation

The preoperative assessment follows the same 
principle as for open repair that include X-ray 
examination, cardiac echo, and abdominal ultra-
sound. More than 50% of patients with EA/
TEF have additional malformations that should 
be diagnosed before starting the operation. The 
X-ray examination in a vertical position includ-
ing the chest and the abdomen with a small 
amount of contrast in the upper pouch of the 
esophagus is carried out. The examination done 
by experienced team carries a low risk of contrast 
aspiration into the respiratory tract. However, 
some recommend not to use the contrast as air in 
the upper pouch should be enough to delineate it.

Patients are usually operated within 24 h after 
arriving to the hospital in the morning or after-
noon session. Almost in each case with distal fis-
tula the primary or delay esophageal anastomosis 
is possible.

Just before starting the surgery, the rigid bron-
choscopy is performed as a routine procedure to 
look for trachea and larynx malformations and a 
fistula position. Any signs of tracheomalacia sug-
gest possible postoperative respiratory problems. 
Knowing the fistula position helps with the dis-
tal pouch localization during the operative pro-
cedure and usually corresponds to the distance 
between pouches. If the fistula is located at the 
level of carina, it is found at the surgery directly 
under the azygos vein, and the distance between 
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pouches is greater. If the fistula enters the trachea 
on its posterior wall, the dissection should start 
above the azygos vein, and both pouches should 
be in proximity. The preoperative bronchoscopy 
is extremely important for cases regarded as a 
pure EA.  It is not rare to discover undiagnosed 
proximal fistula.

My personal experience suggests that new-
borns with the weight above 1500  g are good 
candidates for thoracoscopic repair. The only 
principal contraindication is surgeon’s lack of 
experience in newborn endoscopic surgery. For 
cases below 1500 g, unstable babies mainly with 
respiratory insufficiency due to the distal fistula 
or if any problems with anesthesia occur, only 
thoracoscopic closure of the distal fistula as the 
first-stage operation should be considered fol-
lowed later by a final thoracoscopic repair.

21.3  Positioning

The proper patient’s position is crucial. At the 
beginning, a lateral position was used; how-
ever, with the growing experience, a complete 
prone position turned out to be the most suit-
able. It ensures a good exposure of posterior 
mediastinum by lung collapse with gravitation 
and the insufflation pressure aid. I found that it 
is even not necessary to elevate the right side 
as it was being done earlier. It is important to 
put a newborn at the table border—it ensures 
a full extent of free instruments movement 
(Fig. 21.1).

The surgeon is standing on the left side of 
the table, and camera assistant is sitting to the 
surgeon’s left hand on the same side. The video 
equipment is located in front of the surgeon on 

Fig. 21.1 Patient’s 
position on operating table 
and TV monitor setup
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the opposite side of operative table, and the scrub 
nurse is standing on the same side left to the 
video screen.

21.4  Instrumentation

The optimal equipment for EA/TEF repair con-
sists of 3.0–3.5  mm instruments preferably not 
longer than 25 cm listed in Table 21.1. The best 
view comes from 4–5 mm short telescope with 
25–30 degrees connected to HD camera. The 
5 mm optical trocar and two 3–3.5 mm working 
trocars are needed. The trocars should be fixed 
to the skin with sutures as they easily move up 
and down during the procedure. Short trocars are 
more suitable. Depending on what way the fis-
tula is going to be closed, it may be necessary 
to have a 5 mm clip applier and one 5 mm tro-
car to accommodate it. The clip applier is also 
needed for long-gap stage repair. Electrocautery 
is needed seldomly—hook electrode is enough. It 
is essential to have insufflated CO2 heated.

21.5  Technique

The first 5  mm cannula for a video camera is 
inserted using the open technique 1–2 cm below 
the inferior scapula angle in the posterior axil-
lary line. With 5–6 mmHg insufflation pressure, 
the lung on operated side will collapse within a 
few minutes after starting the procedure. After 

pneumothorax with heated CO2 insufflation is 
established, two additional ports are inserted 
under the camera control: 3.5 mm near the para-
vertebral line at the same level as the first one 
and 3.5 or 5  mm (if a clip applier is going to 
be used) in posterior axillary line through the 
third or fourth intercostal space. With such tro-
cars, positioning both the scope and auxiliary 
working instrument retracts partially the lung 
preventing it from coming into the posterior 
mediastinal view. There is no need for an extra 
trocar and a lung retractor. The right thoracos-
copy is done even for the diagnosed right aor-
tic arch cases; however, left approach is also 
advocated.

The azygos vein serves as an anatomical land-
mark demarcating TEF location and is never 
divided what will be discussed later. The medias-
tinal pleura is opened by blunt dissection below 
or above the azygos vein depending on preop-
erative bronchoscopy. Staying within anatomical 
borders, blunt dissection gives excellent tissue 
separation with almost no bleeding. The lower 
part of the esophagus is mobilized close to the 
trachea only on a very short distance. However, 
it is not a mistake to dissect the lower esophagus 
down to the diaphragm level if it is required. The 
TEF is being dissected completely around at the 
connection with the trachea and then occluded 
with 5 mm titanic clips or with a suture ligature 
close to the trachea. The upper part of the esopha-
gus is localized with the aid of nasogastric tube 
placed through the mouth by an anesthesiolo-
gist—tube movement helps to distinguish upper 
pouch in operating area. Then it is mobilized cir-
cumferentially mainly by blunt dissection. There 
is usually firm and fibrous adhesion to the pos-
terior tracheal wall that should be dissected or 
cut with care to avoid opening the trachea. After 
sufficient mobilization, the proximal esophageal 
pouch is opened with scissors and the TEF cut 
below the ligation suture. The 6–8 Fr nasogastric 
tube is passed through both parts of the esopha-
gus into the stomach. The esophageal anastomo-
sis is created above the azygos vein over the tube 
by placing 6–8 interrupted sutures of 4–0 or 5–0 
absorbable braided suture including all layers 
starting from posterior wall (Fig. 21.2).

Table 21.1 Suggested instruments set for thoracoscopic 
EA/TEF repair

Instrument Diameter
Number of 
items

1. Maryland dissector 3–3.5 mm 1
2. Fenestrated grasper 3–3.5 mm 1
3. Babcock-type grasper 3–3.5 mm 1
4. Metzenbaum scissors 3–3.5 mm 1
5. Hook scissors 3–3.5 mm 1
6. Needle holder 3–3.5 mm 1
7. Hook electrode 3–3.5 mm 1
8. Trocar 5 mm 1–2
9. Trocar 3.5 mm 2
10. Clip applier—optional 5 mm 1
11. Scope 30° short 4–5 mm 1
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After placing the first suture, it is easy to rotate 
the anastomosis around the tube using cut suture 
ends to have a good exposure. All knots are tied 
intracorporeally using the sliding (slip) knot. The 
sliding knot, that I am using every time, is very 
helpful as it lets to approximate both esophageal 
ends even under the considerably tension. If the 
anastomosis was uneventful, there is no need for 
pleural drainage. The skin wounds are closed 
with single sutures.

21.5.1  The Long-Gap EA

There are different definitions of long-gap EA; 
however, to avoid any confusions, it should be 
reserved only for EA without distal fistula. Long- 
gap EA is always a challenge for a surgeon, and it 

is hardly ever possible to make primary esophageal 
anastomosis during the first days of life. The tho-
racoscopy is the only method to precisely define 
the gap between esophageal pouches. Having 
such a case, the author is using stage repair with 
internal traction technique. The same principles 
of thoracoscopic approach as described earlier are 
used at the beginning of the procedure. Usually 
the distal pouch is found directly above the dia-
phragm level. It is mobilized circumferentially 
in a full extent down even below the diaphragm. 
In the same way, the upper pouch is dissected. If 
there is an upper fistula, the pouch mostly ends 
highly in the chest inlet and looks small and hypo-
trophic; in other case, it is longer, distended with 
a thick wall. It is extremely difficult to suture the 
upper fistula located highly at or above thoracic 
inlet. Placing the clips across is the best way to 
close it and then to divide it between clips. Having 
both pouches, fully mobilized internal traction 
suture between them is placed. It goes through the 
tips of both esophageal ends taking a good bite of 
tissue. To prevent any leakage and tissue disrup-
tion, two clips are placed across the tips of both 
esophageal pouches taking the threads into the 
clips—they are not tightened at that moment. In 
this way, the traction force is dispersed along the 
clips instead of tissue puncture spot, and one can 
use the greater traction force. Two sliding (slip) 
knots are created, and both esophageal ends are 
approached step by step. It is surgeon’s experi-
ence how much traction force to use. Usually 
there is no need for chest drainage (Fig. 21.3).

Fig. 21.2 The final esophageal anastomosis above the 
azygos vein

a b

Fig. 21.3 Internal traction technique: (a) Before starting the traction. (b) Esophageal end approximation with the 
internal traction
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The next stage procedure is scheduled 
5  days later. The trocars are placed using the 
previous skin incisions. Usually only very soft 
adhesions are found at the mediastinum around 
the pouches and the traction suture. They are 
dissected easily. If both pouches overcome 
each other, the anastomosis is possible; in 
other case, the previously created sliding (slip) 
knots are used to get them closer. Using the 
described technique, the anastomosis is pos-
sible in majority of cases in two stages; some-
times, the third one is needed. One author’s 
case had final anastomosis at sixth thoracos-
copy. If the surgical treatment is started within 
first days after birth, it is not necessary to 
create a gastrostomy that seems to be one of 
advantage.

21.5.2  The Isolated Congenital 
Tracheoesophageal Fistula 
(H-Type)

The H-type fistula is mostly repaired by right 
neck incision above the clavicle. The thoracos-
copy may be considered as alternative approach 
for the cases with fistula located at the entrance 
to the chest or below. It is a good idea to put the 
guidewire through the fistula at the preoperative 
bronchoscopy to help its identification. One can 
use a nylon thread instead and take the esopha-
geal end out for traction. The thoracoscopic 
approach for H-type fistula is almost similar 
to EA/TEF repair. The main difference is diffi-
cult intracorporal suturing of the fistula located 
high in the entrance to the chest. If this is a case, 
the fistula can be closed with clips and divided 
between them.

21.6  Postoperative Care

The postoperative care during the first days 
is provided by neonatal intensive care unit 
(NICU). Most patients represent a wide spec-
trum of problems related not only to performed 
operation but also to associated malformations, 

prematurity, and arising complications. Patient 
remains intubated for at least 24  h. Direct 
extubation after operation should be avoided. 
The eventual reintubation is always danger for 
esophageal anastomosis and the tracheal fistula 
closure site. If in surgeon’s opinion there is con-
siderable anastomotic tension, especially for 
long-gap EA, then prolonged muscle paralysis 
is maintained even up to 5 days. The oral secre-
tion is removed by suction only as needed. The 
enteral feeding starts in small amounts through 
nasogastric tube on the second postoperative 
day. There is no need to keep pleural drainage 
until the contrast examination, so it is removed 
as early as possible. The contrast study/imag-
ing is done on 5th–sixth postoperative day. If 
there is no leakage, oral feeding starts, and if 
tolerated, the nasogastric tube is removed. The 
antacid prophylaxis is continued for at least 
3  months. In case of any leakage, a good and 
efficient drainage is enough. Usually the leak-
age stops within a few days on conservative 
management. There is no routine anastomosis 
dilatation as long as any clinical manifestations 
of stenosis arise.

21.7  Results

The first thoracoscopic repair of EA with TEF 
was done by the author in 2005 [5]. Since then, he 
was personally involved in more than 160 cases 
(EA, EA/TEF, isolated, or recurrent TEF) oper-
ated in different centers around the world. The 
presented results are referred to cases operated at 
the Pediatric Surgery and Urology Department, 
Wroclaw, Medical University, Poland, with my 
personal involvement (Tables 21.2, 21.3, and 21.4).

Table 21.2 Patients operated at Ped. Surg. and Urol. 
Dept. in Wroclaw (author’s personal involvement)

No of cases of EA/TEF 113
Type I 6
Type II 9
Type III 91
Type IV 1
Type V (H-type TEF) 6
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21.8  Tips and Tricks

 1. There is no need for one lung ventilation; the 
bilateral lung conventional mechanical one is 
always used.

 2. I am against using Replogle tube. Both preop-
eratively and postoperatively, the suction of 
oral secretion is only on demand. In my 
 opinion, Replogle tube with continuous suc-
tion may cause mucosa dryness and subse-
quent irritation and local infection.

 3. The azygos vein was never divided in my expe-
rience with thoracoscopic approach. Leaving 
intact vein may improve vascularity of surround-
ing tissues and in majority of cases will separate 
the fistula site closure from esophageal anasto-
mosis line decreasing the risk for recurrent fis-
tula formation with native tissue between them.

21.9  Discussion

Many studies showed that even complex endo-
scopic procedures in newborns and neonates 
are possible to perform. The results of sur-

gery for esophageal atresia have always been 
the signs of progress in pediatric surgery. The 
same we can say about thoracoscopic EA/TEF 
repair. In a recent review of the literature and 
meta-analysis of five retrospective comparative 
studies, there was no difference with regard to 
complication rate, anastomotic leak, or anasto-
motic stricture between the thoracoscopic and 
open approaches for EA/TEF. The review also 
showed an earlier time to extubation, first oral 
feeding, and shorter hospital stay after thora-
coscopic repair. The only disadvantage was 
longer operating time; however, it seems to be 
directly related to surgeon’s learning curve [6–
9]. Looking to my personal experience, it usu-
ally takes no more than 75–90 min to complete 
a case.

Considering the indication for thoraco-
scopic EA/TEF repair, main three criterions are 
discussed: patient’s weight, patient’s general 
condition, and type of the defect. To author’s 
opinion, generally speaking, each case of EA/
TEF considered for surgical approach is also 
suitable for thoracoscopic approach. Some sur-
geons advocate the 2500 g as the lower limit for 
endoscopic repair; others put the limit to 1500 g 
[10]. With author’s experience, it was possible 
to successfully repair cases weighting 1000 g, 
but it was really challenging. In such a case, it 
is reasonable only to close the fistula with tho-
racoscopic approach and to perform the final 
anastomosis after gaining more weight. The 
same treatment is recommended for patients in 
poor general condition and severe respiratory 
insufficiency.

One of the main cited advantages of thora-
coscopic approach is avoiding thoracotomy that 
influenced chest development and natural mecha-
nism of chest wall movement. The thoracotomy 
morbidity is well known and may result in scolio-
sis and shoulder girdle weakness later in the life 
[11, 12]. Using only limited small skin incisions 
to introduce three trocars minimizes considerably 
the risk for the chest wall trauma.

The growing surgical scar created at the new-
born period is well known. Thoracoscopy gives 
the excellent cosmetic result as the scars are 
almost invisible with time [13]. Even with the 
staged repairs, the same incisions are used for 
next procedures (Fig. 21.4).

Table 21.3 Results for EA and TEF type III and IV Ped. 
Surg. and Urol. Dept. in Wroclaw (author’s personal 
involvement)

Weight av. 2397 g (min. 900 g, max. 
4700)

Operating time av. 1:47 (min. 0:55, max. 4:05)
Conversion 0
Accidental tracheal 
opening

2/92 (2.2%)

Anastomotic leakage 
6/92

(6.5%)

Stenosis 19/87 (21.8%)
Recurrent TEF 1/87 (1.15%)
Deatha 5/92 (5.4%)

aNot directly related to the surgical procedure

Table 21.4 Results for long-gap EA with internal trac-
tion staged repair at Ped. Surg. and Urol. Dept. in Wroclaw 
(author’s personal involvement)

No of cases 15
2 stages 7 (46.7%)
3 stages 4 (26.7%)
5 stages 1 (6.7%)
6 stages 1 (6.7%)
Not completed (death) 1 (6.7)
Final Collis-Nissen open repair 1 (6.7)
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Another important advantage is mediastinal 
visualization and mediastinal exposure. The tho-
racoscopy gives not only a direct view to medias-
tinal anatomy but also offers great magnification 
and precise anatomic details view especially with 
modern HD and 4 K screens. It almost gives the 
impression of working like under microscope. 
All the crucial steps of repair including fistula 
dissection and ligation, pouches, mobilization, 
and anastomosis are well seen for the entire team 
not only for operating surgeon that was a rule 
in open approach. The upper pouch may be dis-
sected delicately from the membranaceous tra-
cheal wall high into the thoracic outlet and neck 
with constant camera view control. This step was 
usually done blindly with open approach.

The fistula closure with a clip is the fastest 
method [13]. It is simple and effective especially in 
severely unstable patients when closure of fistula is 
the only procedure planned to do. However, there 
is a risk of clip migration. Sometimes the clips dis-
appear on X-ray pictures taken later. It happened 
to one author’s patient that his mother brought the 
clip he had coughed up 3 years after the procedure.

The main challenge and difficulty of thoraco-
scopic EA/TEF repair is meticulous endoscopic 
suturing in a small space that forms the basis of 
success. The lack of experience in making perfect 
endoscopic knot is a main contraindication to the 
thoracoscopic approach. In author’s opinion, the 
most practical is a sliding knot. It allows to bring 
suturing tissues together with precise tension 
control. Using multiple sliding (slip) knots allow 
to overcome the tissue tension at anastomosis by 
distributing the tension between sutures when 
gradually tightening.

The main discussed disadvantage of thora-
coscopic approach is the use of CO2 for insuffla-
tion that may lead to hypercapnia, acidosis, and 
decreased cerebral perfusion that were reported 
by the team from Great Ormond Street in London 
[14]. Looking into their results, one can notice high 
insufflation pressure and long operative time. Other 
reports didn’t confirm such a problem [15, 16].

The long-gap EA is the most challenging case 
for surgeon. The thoracoscopy for long-gap EA 
offers delay anastomosis or staged repairs with 
different forms of traction for final anastomosis 
of both esophageal ends. S. Rothenberg advocates 
initial gastrostomy after birth and waiting for 
spontaneous esophageal ends growth, delay tho-
racoscopic anastomosis at the age of 4–8 weeks 
depending on patients size, overall condition, and 
failure to show any improvement in gap length 
[17]. The different protocol is used by D. van 
der Zee without gastrostomy, and repeated every 
3–4 days thoracoscopic oesophageal ends mobi-
lization and external passive traction followed by 
delay anastomosis [18]. At our department, we 
developed the described earlier in this chapter 
“internal traction” technique that works well for 
all long-gap cases. In my personal opinion, the 
thoracoscopy will completely change the way we 
use to manage these cases.

In conclusion the thoracoscopy technique 
for EA/TEF repair is demanding, difficult, and 
requiring great experience however should be 
considered as the procedure of choice. That is the 
main reason why patients with EA/TEF should 
be managed only in specialized centers to pro-
vide the best available quality of treatment.

References

 1. Lobe TE, Rothenberg S, Waldschmidt J, et  al. 
Thoracoscopic repair of esophageal atresia in an 
infant: a surgical first. Pediatr Endosurg Innov Tech. 
1999;3:141–8.

 2. Rothenberg SS.  Thoracoscopic repair of a tracheo-
esophageal fistula in a newborn infant. Pediatr 
Endosurg Innov Tech. 2000;4:289–94.

 3. Holcomb GW, Rothenberg SS, Bax KMA, et  al. 
Thoracoscopic repair of esophageal atresia and tra-
cheoesophageal fistula a multi-institutional analysis. 
Ann Surg. 2005;3:119–26.

 4. Lal D, Miyano G, Juang D, et al. Current patterns of 
practice and technique in the repair of esophageal atre-

Fig. 21.4 Scars after six thoracoscopic procedures

21 Thoracoscopic Repair of Esophageal Atresia and/or Tracheoesophageal Fistula



170

sia and tracheoesophage-al fistula: an IPEG survey. J 
Laparoendosc Adv Surg Technol A. 2013;23:635–8.

 5. Patkowski D, Rysiakiewicz K, Jaworski W, et  al. 
Thoracoscopic repair of tracheoesophageal fistula and 
esophageal atresia. J Laparoendosc Adv Surg Technol 
A. 2009;19(Suppl 1):S19–22.

 6. Lugo B, Malhotra A, Guner Y, et  al. Thoracoscopic 
versus open repair of tracheoesophageal fistula and 
esophageal atresia. J Laparoendosc Adv Surg Technol 
A. 2008;18(5):753–6.

 7. Borruto FA, Impellizzeri P, Montalto AS, et  al. 
Thoracoscopy versus thoracotomy for esophageal 
atresia and tracheoesophageal fistula repair: review 
of the literature and metaanalysis. Eur J Pediatr Surg. 
2012;22(6):415–9.

 8. Davenport M, Rothenberg SS, Crabbe DC, et al. The 
great debate: open or thoracoscopic repair for oesoph-
ageal atresia or diaphragmatic hernia. J Pediatr Surg. 
2015;50:240–6.

 9. Yang Y-F, Dong R, Zheng C, et al. Outcomes of tho-
racoscopy versus thoracotomy for esophageal atresia 
with tracheoesophageal fistula repair: a PRISMA- 
compliant systematic review and meta-analysis. 
Medicine. 2016;95(30):e4428.

 10. Dingemann C, Zoeller C, Ure B. Thoracoscopic repair 
of oesophageal atresia: results of a selective approach. 
Eur J Pediatr Surg. 2013;23:14–8.

 11. Cherup LL, Sieweres RD, Futrell JW. Breast and pec-
toral muscle maldevelopment after anterolateral and 

posterolateral thoracotomies in children. Ann Thorac 
Surg. 1986;41:492–7.

 12. Lawal TA, Gosemann JH, Kuebler JF, et  al. 
Thoracoscopy versus thoracotomy improves midterm 
musculoskeletal status and cosmesis in infants and 
children. Ann Thorac Surg. 2009;87:224–8.

 13. Rothenberg SS.  Thoracoscopic repair of esophageal 
atresia and tracheo-esophageal fistula in neonates: 
evolution of a technique. J Laparoendosc Adv Surg 
Technol A. 2012;22(2):195–9.

 14. Bishay M, Giacomello L, Retrosi G, et al. Decreased 
cerebral oxygen saturation during thoracoscopic 
repair of congenital diaphragmatic hernia and 
esophageal atresia in infants. J Pediatr Surg. 
2011;46:47–51.

 15. Tytgat SH, van Herwaarden MY, Stolwijk LJ, et  al. 
Neonatal brain oxygenation during thoracoscopic 
correction of esophageal atresia. Surg Endosc. 
2016;30:2811–7.

 16. Stolwijk LJ, van der Zee DC, Tytgat S, et  al. Brain 
oxygenation during thoracoscopic repair of long gap 
esophageal atresia. World J Surg. 2017;41(5):1384–92.

 17. Rothenberg SS, Flake AW.  Experience with tho-
racoscopic repair of long gap esophageal atresia 
in neonates. J Laparoendosc Adv Surg Technol A. 
2015;25(11):932–5.

 18. van der Zee DC, Gallo G, Tytgat SH. Thoracoscopic 
traction technique in long gap esophageal atresia: enter-
ing a new era. Surg Endosc. 2015;29(11):3324–30.

D. Patkowski



Part III

Abdomen



173© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_22

Laparoscopic Management 
of Congenital Morgagni Hernia 
(CMH)

M. L. Metzelder

22.1  Introduction

Congenital Morgagni hernia (CMH) is a very rare 
defect of the anterior diaphragm with retrosternal 
herniation of abdominal content [1–3]. CMH rep-
resents less than 5% of all congenital diaphrag-
matic hernias [1, 4], and males are predominantly 
affected [3]. In reports with data available for the 
defect size, intraoperatively, measured size varies 
from 3 to 11 cm in maximal dimension, respec-
tively, 4 × 7 cm [4, 5].

In larger patient series, it was reported that the 
defect concerns in about 90% the right anterior 
part of the diaphragm, whereas the left side is 
only in 2% affected. Eight % of the defects were 
bilateral [1]. In contrast, in other reports, so- 
called midline defects were added with an occur-
rence of 50% leading to less right- and left-sided 
defects but same number of bilateral defects [3]. 
The hernia content is mostly the colon, followed 
by the liver, the small intestine, omentum majus, 
and the stomach, depending on the size of the 
defect [4–6]. Moreover, associated anomalies 
are mostly cardiac anomalies (30%), followed 
by chromosomal anomalies (25%) and to a lesser 
extend intestinal malrotation and other very rare 
entities like Cantrell Pentalogy [1, 7]. A possible 
explanation for the higher incidence of CMH in 

M. Down patients could be the more hypotonic 
muscle development that could also lead to a 
higher recurrence rate in this patient group [1].

Several authors reported that about 50–80% 
of their CMH patients were asymptomatic, and 
CMH was found by chest X-ray (Fig. 22.1), by 
other imaging (computed tomography, barium 
enema, and others), or during surgery in the 
upper abdomen for other reasons [1, 2]. Other 
authors reported contrary on a higher incidence 
of symptomatic CMH patients as the majority of 
their patients with CMG were investigated for 
respiratory problems [4, 6]. To this regard, the 
underlying risk for a severe onset of intestinal 
obstruction or even bowel strangulation is evi-
dent also, and was reported, too [8].

Several techniques for laparoscopic CMH 
repair were described including a primary clo-
sure in an interrupted or running suture tech-
nique as well as the use of several types of 
patches [2, 5, 6].

22.2  Preoperative Preparation

Underlying associated anomalies with CMH, 
exemplarily cardiac anomalies need precise pre-
operative cardiac evaluation including a preop-
erative echocardiogram.

The extend of the defect and the planned use 
of a patch might lead of a perioperative appli-
cation of i.v. antibiotics [5]. However, in most 
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cases, especially for asymptomatic patients with 
CMH, there is no need for a special preoperative 
preparation.

22.2.1  Patient Position

The patient is placed in a supine position. Small 
infants should be placed in a reverse frog position, 
whereas older children in a spread leg position. 
The surgeon stands at the end of the operating 
table or in older children between the patient’s 
legs. Two monitors should be placed, one above 
the patient’s head and the second in front of the 
surgeon’s camera assistant.

22.3  Instrumentation

In general, a 30° 5 mm optic can be used in our 
experience irrespective of the age of the patient, 
whereas a 10 mm optic might be required in obese 
patients. In addition, a standard pediatric set of 
endoscopic instruments for laparoscopic surgery 
is sufficient. Again, depending on patient’s size, 
either 3 or 5 mm trocars and endoscopic graspers 
and needle holders are required. We use mono-
polar hook cautery (3–5  mm) or other sealing 
devices (5  mm) to handle with the falciform 
ligament and for the resection of the hernia sac. 
To overcome tension during the intracorporal 

tying maneuver, we prefer the application of a 
Goretex® patch to achieve a tension-free repair.

22.4  Surgical Technique

In general, we use a three-trocar technique for 
a laparoscopic hernia repair of a CMH.  At our 
institution, we prefer an open umbilical approach 
for the insertion of the 5 mm optic trocar, irre-
spective the age of the patient and to prevent from 
intraabdominal injury. Other techniques preferred 
by others include the insertion of a Veress nee-
dle or the use of an umbilical STEP® trocar [5]. 
Under videoscopic guidance (30° optic) and fol-
lowing application of a limited CO2 pneumoperi-
toneum (6–8 mmHg small infants; 8–10 mmHg 
older children), two 3–5 mm working trocars are 
placed in the upper right and upper left abdo-
men with ergonomic angulation (80–0°) shown 
at Fig. 22.2. The content of the hernia should be 
pushed back with atraumatic endoscopic grasp-
ers (Fig.  22.3). The next step is to incise the 
falciform ligament with an endoscopic sealing 
device (Fig.  22.3) for a better exposure of the 
hernia defect. By surgeon’s preference, a hernia 
sac can be excised by hook cautery or any other 
sealing device but also left in situ,  especially if it 
is adherent to the pleura or pericardium [2, 5]. In 
case of leaving the hernia sac in place, it can be 
plicated and included into the stiches to reduce 

Fig. 22.1 Chest X-ray and CT scan indicating a huge right-sided Morgagni hernia in a 14-year-old female
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a residual formation in the thoracic cavity and 
to obtain a stronger closure. To further reduce 
the incidence of recurrence, some authors [2] 
recommend to cauterize the edges of the CMH 
into scar tissue. High acceptance exists to use a 
patch for a tension-free hernia closure [2, 6]. To 
verify and to overcome tension, a transparietal/
transabdominal stich to suspend the diaphragm 
to the abdominal wall is helpful [2]. In addi-

tion, transabdominal sutures should be applied, 
if there is no anterior rim of the diaphragm, and 
interrupted stitches are subsequently tied in the 
subcutaneous tissue by separate small skin inci-
sions [2, 9]. We prefer non-resorbable interrupted 
sutures 3.0 or 2.0 with intraabdominal knotting 
in the slipping- knot technique in case of primary 
closure (Figs. 22.4 and 22.5). However, depend-
ing on the surgeons skills, intracorporal as well a 

Fig. 22.2 Ergonomic triangulation of camera optic and instruments and intraabdominal laparoscopic view

Fig. 22.3 Laparoscopic view during Morgagni hernia repair: reduction of herniated omentum majus; inspection of 
right-sided part of retrosternal hernia; dissection of falciform ligament

Fig. 22.4 Laparoscopic view: intracorporal technique of a slipping knot to facilitate tying the knot
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extracorporal knotting is in use, and in combina-
tion of both techniques [4], as suturing parallel to 
the anterior abdominal wall can be demanding. If 
a patch is needed, it should be rolled around an 
endoscopic grasper to facilitate the insertion via 
the trocar or even trocarless into the abdomen. An 
example of an intraoperative view of one of our 
patients who underwent a patch repair is shown 
at Fig. 22.5. To this regard, the patch should over-
lap the defect edges for about 1 cm [5]. We like 
others [6] find that the need for a patch does not 
add much technical difficulty to the operation. 
At the end of the procedure and after leaving the 
pneumoperitoneum, the nasogastric tube as well 
as the trocars can be removed under videoscopic 
guidance, followed by skin closure.

22.5  Postoperative Care

Exclusive patients without severe associated 
anomalies can be treated with fast track surgery 
concepts by starting eating and drinking postop-
erative at the day of operation and can be dis-
charged at the first postoperative day [6].

22.6  Results

Whether the laparoscopic closure of a CMH is 
easy or demanding depends on the age of the 
patient, the size and location of the defect, and the 

type of underlying associated disease. However, 
in experienced centers, the reported average 
length of the operation was about 60 min, and the 
overall complication rate was very low and less 
than 3% [2]. The need of a demanding assisting 
device like extracorporal membrane circulation is 
extremely rare [3].

In contrast to several patient series without 
any conversion of the laparoscopic procedure [2, 
5, 6], Garriboli et al. reported on 2 conversions 
(17%) out of 12, due to one case with severe 
adhesions and another with severe scoliosis [4].

In several published series with more than 15 
patients, the reported recurrence rate was below 
3% [2, 5, 6] but tended to be higher in patients 
with associated anomalies like Down syndrome 
[1]. The report from Dutta et al. on their patients 
with patch repair and no case of recurrence 
underlines the use of a patch if there is any sign of 
tension [5].This is further underlined by a report 
from Garriboli et al. who found a high number of 
recurrence in four out of five of their patients who 
all underwent primary repair of CMH without a 
patch as well as without hernia sac resection.

Nonetheless, a recent multicenter surveys 
found a low recurrence rate irrespective of a pri-
mary or a patch repair [2], and thus, it remains 
of most importance not to underestimate tension 
during primary CMH repair.

With regard to postoperative patient monitor-
ing, there is no evidence for a recommended fol-
low- up for CMH patients after surgery, and thus, it 

Fig. 22.5 Laparoscopic view of Morgagni hernia repair: example of direct closure with interrupted sutures and exam-
ple using a Goretex® patch
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should be adapted to the individual patient and the 
underlying disease. Clinical controls after 1 week, 
1 and 3 months, and after 1 year with a chest X-ray 
to detect recurrence were recommended [2, 4]. 
This algorithm seems to be suitable as published 
data indicate that recurrence after primary repair 
occurs within the first year postoperatively [4].

22.7  Tips and Tricks

A simple rule stated by Laituri et  al. is to 
attempt an intracorporal tie with minimal insuf-
flation pressure. If there is too much tension to 
tie it down, then a patch should be placed for a 
tension- free repair [6].

22.8  Discussion

Congenital Morgagni hernia (CMH) is a very rare 
entity. Some authors reported that the majority of 
patients with CMH is asymptomatic [2], others 
about 50% [3], while some found the majority 
of their patients with CMH associated unspe-
cific respiratory symptoms [6]. However, as also 
asymptomatic patients may beat a risk to experi-
ence intestinal obstruction or even a strangulated 
colon requiring immediate surgery [8], most sur-
geons opt for surgery, if a CMH is incidentally 
diagnosed [1, 2, 6].

With the advent of minimally invasive pedi-
atric surgery, anecdotal reports and several ret-
rospective studies confirmed the safety of the 
laparoscopic repair [10–12] with excellent out-
come and some superior aspects compared to the 
conventional open repair [1, 6, 9].

There are still some other issues that need to 
be addressed. Whether to resect the hernia sac or 
not should be an individual decision, as injuries 
of the pleura or pericardium may occur [2, 5]. To 
this regard, a partial resection or to include part 
of the hernia sac into the suture line is an option, 
too [5]. Nonetheless, in the majority of the pub-
lished series with exception of the study from 
Garriboli et al. [4], there is no higher incidence of 
recurrence of a CMH, irrespective of a resected 
or non-resected hernia sac [2].

As the majority of authors agrees to use a 
patch in case of too much tension during the 
repair, there is no evidence whether to apply an 
absorbable [6] or a non-absorbable patch [2]. 
To this regard, the current literature revealed no 
differences and a similar outcome and very low 
incidence of infections, as well as the same rate 
of recurrence without other patch-related mor-
bidity [2]. Nonetheless, in case of a recurrent 
CMH, after initial laparoscopic primary repair, 
subsequent laparoscopic patch repair is feasi-
ble with an excellent outcome [4]. Concerning 
suture material, there is consensus to use non- 
absorbable instead of absorbable sutures in an 
interrupted fashion [2].

With regard to the advantage of earlier feed, 
less analgesia, shorter hospital stay, and better 
cosmesis by using the laparoscopic approach 
compared to the open repair, we like others [2, 
6] recommend to apply the laparoscopic repair 
to children with CMH at institution familiar with 
minimally invasive surgical techniques.
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Laparoscopic Treatment 
of Esophageal Achalasia

Giovanna Riccipetitoni, Francesca Destro, 
Claudio Vella, Luciano Maestri, and Tiziana Russo

23.1  Introduction

Esophageal achalasia is a primary motility dis-
order that is thought to be due to a dysfunction 
of the enteric nervous system [1]. It is character-
ized by loss of ganglion cells with degeneration 
of inhibitory myenteric plexus that innervates 
the esophageal body and the region of the lower 
esophageal sphincter (LOS) of unknown origin. 
It is hypothesized that decreased nitric-oxide 
synthase leads to a neuronal excitatory/inhibitory 
imbalance with esophageal aperistalsis, incom-
plete LOS relaxation in response to swallowing, 
and increased LOS resting pressures.

The condition is exceedingly rare in the pedi-
atric population with 0.11–0.18/10,000 children 
observed/year in the UK and a male preponder-
ance [2]. Less than 5% of cases are reported 
under 15 years of age (mean patient age at diag-
nosis is 10.9 years) [3, 4].

Achalasia is frequently described in asso-
ciation with trisomy 21, congenital hypoventi-
lation syndrome, glucocorticoid insufficiency, 
eosinophilic esophagitis, familial dysautonomia, 

Chagas disease, and AAA syndrome (achalasia, 
alacrima, and ACTH insensitivity).

Dysphagia (progressive, from solids to liq-
uids) and weight loss are the most common man-
ifestations, followed by regurgitation, aspiration 
pneumonia, retrosternal chest pain, and respira-
tory symptoms (younger children).

The diagnosis is easily suspected performing 
an esophagram with barium that demonstrates 
a dilated esophagus with “bird’s-beak” like 
tapering of the distal esophagus. The manom-
etry study is important (elevated resting LES 
pressure, absent or low amplitude peristalsis, 
or non- relaxing LES upon swallowing), but its 
interpretation might be challenging (difficul-
ties are reported from 27.6 to 34.5%) [5]. The 
upper endoscopy is useful to exclude eosino-
philic esophagitis and other secondary causes 
of achalasia.

Medical treatment with Nifedipine (calcium 
channel blocker) or botulin toxin (BT) has no or 
limited effect: Hurwitz reported an 83% response 
rate among children receiving BT, lengthen 
4.2  months, with more than 50% of those 
responders requiring additional procedures [6].

Pneumatic dilatation (PD), with a recom-
mended balloon of 30–35  mm, has an overall 
success rate ranging from 65 to 80% [7–9]. A 
Cochrane review of adults demonstrated that 
PD is superior to BT in symptom remission at 
6 and 12 months. Long-term remission of PD is 
reported to be 40% at 5 years and 36% at 10 years 
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[10]. Although significant short-term efficacy of 
PD has been reported, long-term efficacy data in 
children are lacking.

The treatment of choice remains the surgi-
cal correction with the extramucosal longitudi-
nal modified Heller cardiomiotomy (the double 
myotomy proposed by Heller was modified 
into a procedure that provides for the anterior 
cut alone) [11]. An anterior fundoplication has 
to be performed in order to avoid the onset of 
gastroesophageal reflux, to protect the esopha-
geal mucosa and to maintain the myotomy open. 
Laparoscopy is associated with lower recur-
rence rate because the myotomy can be easily 
extended also on the gastric side (complete distal 
myotomy), and it allows the simultaneous anti-
reflux procedure. A recent meta-analysis dem-
onstrated remission and relapse rates of 77.8% 
and 35.7%, respectively, for PD compared with 
95% and 5.1%, respectively, for laparoscopic 
myotomy [12].

23.2  Preoperative Preparation

All patients and their parents have to sign a spe-
cifically formulated informed consent before the 
procedure. Three days before surgery, the patient 
reduces food intakes and the day before surgery 
adopts a liquid diet in order to avoid the pres-
ence of food in the esophagus. Patients receive 

antibiotic prophylaxis (cefazolina i.v.) and PPI 
therapy. The procedure is performed under gen-
eral anesthesia.

23.3  Positioning

The patient is placed in supine, reverse 
Trendelenburg position with legs opened or in 
frog position for younger children (Fig.  23.1). 
The first surgeon stays between the patient’s legs 
and the assistant on his left (Fig. 23.2). A third 
surgeon is opposite to the assistant. The scrub 
nurse is between the first and the third surgeon. 
The laparoscopy tower with monitors is placed 
at the head of the child, in front of the surgeon. 
Three or four trocars are used: 5 or 10 mm in the 
umbilicus (lens), 3–5  mm operative trocars in 
left and right hypochondrium, and an additional 
fourth trocar below the subcostal margin for liver 
retractor.

23.4  Instrumentation

The set of instruments is the following: 30° 5 or 
10  mm lens (3D lenses require 10  mm trocar), 
atraumatic dissectors, Joanne graspers (n  =  2), 
hook (protected and not too long instruments to 
simplify maneuvering and reducing the risk of 
injuries), peanuts, high-frequency devices (e.g., 

Fig. 23.1 The patient lies in the lithotomic anti- 
Trendelenburg supine position. The optic is inserted in the 
umbilicus (circle on the right figure); operative trocars are 

placed in the right and left hypochondrium or on the left 
paraumbilical line (triangles on the right figure); and 
hepatic retractor is in the epigastrium (small circle)
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Ligasure™), 3 or 5  mm needleholders, scissor, 
Ethibond 2/0 sutures, and gastroscope. In addi-
tion, a standard set of instruments for traditional 
open surgery should be available.

23.5  Technique

At the beginning of the surgical procedure, an 
endoscopic evaluation can be performed to 
remove any retained food (if present), but care 
should be taken not to overextend the stomach 
complicating the operation. The first umbili-
cal trocar is inserted with open technique, the 
pneumoperitoneum is created with controlled 
pressure and flow, and the remaining trocars are 
placed under direct vision. The esophagogastric 
junction is exposed after the retraction of the 
left hepatic lobe and the opening of the lesser 
omentum (Fig.  23.3). Exercising a downward 

traction of the stomach, the edge of the dia-
phragmatic crura appears as a “white line”; the 
phrenoesophageal junction is divided freeing the 

Fig. 23.2 Team position 
(S surgeon; A1 assistant 1; 
A2 assistant 2; N scrub 
nurse)

Fig. 23.3 Exposure of the anterior esophageal surface 
with liver retraction and lesser omentum opening
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anterior esophageal surface. The anterior vagal 
nerve branch is identified on the left side of the 
esophagus and preserved.

An anterior incision is performed in the 
esophageal wall far from the anterior vagal 
nerve and slightly at the right side of the 
esophagus, including the muscular layers up 
to the mucosa. The exact site of the incision 
can be marked with the hook. A blunt dissec-
tor is used to separate the longitudinal muscle 
layers until the mucosa herniates through the 
window (Figs.  23.4b and 23.5b). The window 
can be widened using a monopolar hook or two 
graspers (Fig.  23.5a). The myotomy should 
be extended proximally until the point of the 
mediastinum where the anterior vagal branch 

crosses the anterior esophageal wall from the 
left to the right side (that is the point where the 
esophagus dilates). It is very important to limit 
the upper dissection to the thoracoabdominal 
junction without extending deeply in the tho-
rax. Distally the myotomy ends on the great 
gastric curve where transversal muscular fibers 
become vertical (2  cm from the esophagogas-
tric junction). Both longitudinal and circular 
esophageal muscles are cut letting the mucosa 
to herniate. The overall length of the myot-
omy is almost 6–8  cm. Muscular bleedings at 
the margins of the myotomy are usually self- 
limited and therefore should not be treated with 
electrocautery. At the end of the procedure, the 
insufflations of air through the nasogastric tube 

Fig. 23.4 The gastroscopy is performed during surgery (a), and the myotomy is spread with two blunt graspers (b)

a b

Fig. 23.5 The monopolar hook is used to widen the window (a) until the mucosa herniated (b)
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are used to check the tightness of the mucosa 
and the complete incision of the muscle fibers, 
prior to the execution of the Dor fundoplication 
(180° anterior fundoplication the anterior gas-
tric fundus is fixated to the anterior esophageal 
muscle layers with three stitches) (Fig. 23.6).

23.6  Postoperative Care

After surgery, patients are relieved of symptoms, 
and they can feed properly after 48  h starting 
with mildly fluid diet for the first 3–4  weeks. 
The nasogastric tube, inserted during surgery, is 
removed after 24–48 h.

23.7  Results

The average length of surgery is about 100 min 
(range 85–155). We did not report intraoperative 
neither postoperative complications in our series 
of a 10-year period. Median hospital stay was 
4 days.

Follow-up is performed by clinical evaluation 
at our outpatient clinic: PPI therapy is admin-
istered for 30  days, and contrast X-ray is per-
formed after 1 month.

The average time to return to full daily activi-
ties was 7 days, and all patients were highly sat-
isfied of the postoperative outcome and cosmetic 
results.

23.8  Tips and Tricks

The endoscopic evaluation performed during sur-
gery avoids preoperative gastric overdistension 
and permits to evaluate the esophageal clearance 
and the appearance of the mucosa and to facilitate 
the identification of the esophagogastric junction 
(Fig. 23.4a).

The identification of the anterior vagal nerve 
at the beginning of the procedure is important for 
its preservation.

An excessive mobilization of the esophagus 
should be avoided, as well as a long myotomy over 
the esophageal and gastric sides that predispose 
to gastroesophageal reflux and complications.

The myotomy can be performed with mono-
polar diathermy, but this approach exposes to 
deeper thermal damage with delayed perforation.

A mucosal leak can be repaired with absorb-
able suture.

23.9  Discussion

The aim of surgery is to obtain long-term symp-
tom palliation minimizing GERD that commonly 
occurs after treatment. Laparoscopic Heller 
myotomy (LHM) + Dor fundoplication seems the 
most definitive and successful treatment, and it is 
considered the gold standard first-line approach. 
However, in 2015, a systematic review identified 
two articles in favor of LHM, one for PD and one 
for both concluding that there is lack of data to 
determine the ideal treatment [11].

Advantages: the laparoscopic approach is 
superior to the open approach for the well- 
recognized benefits including minimal pain, 
better cosmesis, shorter hospital stay, and faster 
return to normal activity for the child and parents.

Complications: the most fearful surgical com-
plication of surgical management of achalasia is 
esophageal perforation. Frequent causes of sur-
gical failure are GERD and recurrent dysphagia. 
For these reasons, a partial fundoplication (Dor; 
Toupet) is commonly used to prevent GERD 
 following Heller myotomy [12]. In a random-
ized controlled trial, Rebecchi determined that 
laparoscopic Dor fundoplication after a LHM 

Fig. 23.6 A Dor fundoplication is performed at the end 
of the procedure
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was associated to lower recurrence rate of dys-
phagia than those after a Nissen procedure, but 
there is not a significant difference when the 
anterior fundoplication is compared to the pos-
terior one [13]. There is some controversy as to 
whether an anti- reflux procedure should be per-
formed in children at the time of LHM.  Corda 
et al. concluded that an anti-reflux procedure is 
not required after a LHM for the prevention of 
GERD [14]. Other studies have shown benefits, 
and in many authors’ practice, LHM and partial 
fundoplication are performed together.

Another proposed option is limited LHM with-
out anti-reflux procedure. Valadez founded a signif-
icant decrease in the LOS resting pressure 6 months 
after limited LHM showing that the procedure is an 
effective treatment for achalasia. On the other hand, 
GER was observed in 68.3% of patients, and 21.6% 
were clinically symptomatic [12].

An evolving endosurgical therapeutic modal-
ity is POEM (peroral endoscopic myotomy). The 
technique includes a submucosal saline injec-
tion and the incision of submucosa 2 cm above 
LOS. The myotomy extends 2–3 cm distally to 
the gastroesophageal junction. At the end of the 
procedure, the mucosa is sutured. Among the 
proposed variants, the myotomy that is started at 
2 o’clock is associated with less GER and that at 
5 o’clock with less dysphagia.

POEM seems to be effective and with similar 
outcomes as LHM [15]. However the incidence 
of complications is high: GER (10.9%), pneumo-
thorax (55%), pneumomediastinum (29%), and 
pleural effusion (48%).
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24.1  Introduction

Gastroesophageal reflux disease (GERD) is a 
functional disorder that occurs when refluxed 
gastric contents produce symptoms or tissue 
damage [1]. Indications for an antireflux proce-
dure in a child are GERD associated with hia-
tal hernia, failure of medical therapy for GERD, 
dependence on aggressive or prolonged medi-
cal therapy, respiratory symptoms, or high risk 
to develop GERD after EA repair or following 
placement of a feeding gastrostomy for nutri-
tional support [2–7].

The first laparoscopic antireflux procedure was 
performed 25  years ago in 1993 by Georgeson 
and Lobe [8].

In children, the problem of the management 
of GERD is more complicated than in adults [1, 
9–11]. In fact, almost 30–50% of the indications 
for surgery in children are represented by chil-
dren with neurological impairment (NIC), whose 
management is extremely difficult and represents 
a true challenge for the surgeon [4].

In fact, in terms of results, while the man-
agement of neurologically normal children can 
be considered comparable to that of adults with 
a success rate of 90–95% [2, 9, 11–14], as for 
the results in NIC they are difficult to analyze 
because NIC present always GERD, feeding 
problems, and malnutrition [4, 15].

In this chapter, we will speak only of the lapa-
roscopic management of GERD in neurological 
normal children.

Laparoscopic antireflux surgery in pediatric 
patients has shown benefits to patients in reduced 
hospital stay and improved cosmesis, and this 
procedure is considered highly effective if per-
formed by expert hands with low morbidity and 
mortality [13].

Several techniques are available for the sur-
gical treatment of pathologic reflux in children; 
however, analyzing the international literature, it 
seems that laparoscopic Nissen and Toupet anti-
reflux procedures remain the standard of care for 
correction of GERD [2, 8, 11].

24.2  Preoperative Preparation

Before starting the procedure, the parents have 
to sign a specifically formulated informed con-
sent. The procedure is performed in general anes-
thesia. A nasogastric tube is placed for gastric 
decompression after induction of anesthesia and 
removed at the end of procedure.
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The bladder is emptied using the Credé 
maneuver in smaller children. A Foley catheter 
may be placed in patients where a lengthy pro-
cedure is anticipated, such as a redo procedure.

All access sites are injected with bupivacaine 
with epinephrine to provide for postoperative pain 
control and assist with cutaneous hemostasis.

24.3  Positioning

Infants and small children are positioned frog- 
legged at the foot of the operative table and 
secured with adhesive tape. Larger children and 
teenagers are positioned in dorsal lithotomy with 
the legs in stirrups. The operating surgeon stands 
between the patient’s legs. The table is then 
placed in reversed Trendelenburg. The monitor 
is position at the head of the patients (Fig. 24.1).

24.4  Instrumentation

Selection of instruments and trocar size is also 
dependent on the size of the child. In general, for 
infants and children less than 10 kg, we use 3 mm 
instruments of 18–20 cm length, and for children 
over 10  kg standard length 3 or 5  mm instru-
ments are appropriate. A 30-degree angled scope 
is preferentially used as it greatly enhances the 
surgeon’s ability to view the area of the hiatus, 

upper short gastric vessels and the retroesopha-
geal space. It also limits instrument dueling as it 
allows the surgeon to place the telescope above 
the shafts of the right and left working ports and 
enabling the surgeon to look down on his working 
tips. The other instruments to adopt are a needle 
holder, a hook, a liver retractor, a couple of atrau-
matic forceps, and a pair of scissors. In general, 
we prefer to use 5 trocars: an umbilical trocar for 
the optic, 2 operative trocars, 1 trocar for liver 
retractor, and 1 trocar to move the umbilical tape 
placed around the GE junction (Fig. 24.2).

24.5  Technique

After positioning the umbilical trocar in open 
access, the abdomen is insufflated to a pressure of 
8–12 mmHg according to the age of the patient, 
and four additional 3–5 mm trocars are placed.

The gastrohepatic ligament and the perito-
neal reflection overlying the anterior esophagus 
are divided using monopolar hook or scissors 

Monitor

Camera Scrub Nurse
Surgeon

Fig. 24.1 Team position

Fig. 24.2 Trocar position for a laparoscopic antireflux 
procedure
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with electrocautery. The crura of the diaphragm 
is exposed. An umbilical tape is placed around 
the esophagus to facilitate the dissection of the 
gastroesophageal junction. This dissection is 
accomplished with both blunt and sharp dissec-
tion. The anterior and posterior vagus nerves are 
identified and left lying along the esophagus. The 
hepatic branches of the vagus nerve are carefully 
preserved.

The crura is approximated using one to three 
interrupted 2-0 non-absorbable sutures. The fun-
dus is then back around the back of the esoph-
agus, and 3 to 4 interrupted non-absorbable 

sutures are used to create a 360-degree fundo-
plication according to Nissen (Fig. 24.3). These 
sutures are placed through the left side of the 
fundus, the esophagus, and the right side of the 
fundus. Then we prefer to stabilize the wrap 
positioning to stitches between the wrap and the 
right crura (Fig.  24.4). At the end all port sites 
5 mm are closed with separated stitches; in case 
of 3-mm trocars, we prefer to close them using 
sterile trips. The nasogastric tube is left in place 
until the following morning.

Toupet antireflux procedures involve wrap-
ping the fundus posterior to the esophagus leav-
ing free the anterior part of the esophagus. Three 
to four stitches are placed for each side between 
the stomach and esophagus, and then the wrap is 
fixed to the right crura with two separated stitches 
(Fig. 24.5).

24.6  Postoperative Care

Patients start feeding on liquids the morning of 
postoperative day 1. When patients have toler-
ated liquids, they are advanced to a “no solid” 
or semiliquid diet. Patients and their parents 
are educated by the pediatric surgical team’s 
dietician about the “semiliquid” diet that they 

Fig. 24.3 We perform a 360° Nissen fundoplication posi-
tioning 3–4 separated stitches between the two sides of the 
stomach

Fig. 24.4 After creating a Nissen valve, we position two 
separated stitches between the valve and the right crura to 
stabilize the wrap

Fig. 24.5 To perform a 270° Toupet valve, we position 
5–6 separated stitches to fix the valve onto the anterior 
part of the esophagus and two separated stitches between 
the valve and the right crura to stabilize the wrap
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must follow for about 4  weeks following the 
operation.

Pain is controlled using intravenous analge-
sics for the first 24 h. Hospital stay is 2–3 days.

Patients are seen in follow-up about 1 week, 
4 weeks, 6 months, and 1 year after surgery.

Then the controls are performed every year for 
the first 5 years after surgery.

We performed only clinical controls; instru-
mental exams are performed only in case of 
recurrence of symptoms.

24.7  Results

There are no randomized controlled trials of open 
versus laparoscopic fundoplication in children; 
however, there are some large retrospective series 
which form the basis of this review [7, 9].

The complication rates of these large series 
are very few. The conversion rate ranged from 
0.9 to 3.3%, with most occurring in the first 30 
operations. The intraoperative complication rates 
ranged from 2.6 to 5.1% and postoperative com-
plication rates from 3.4 to 7.3%. Intraoperative 
complications included esophageal and gastric 
perforations and pneumothorax during hiatal dis-
section. Postoperative complications include dys-
phagia, gastroparesis, pneumonia, and recurrent 
GERD requiring reoperation. The rate of recur-
rent GERD in these series ranged from 2 to 5%.

The majority of complications occur in small 
series and in patients of less than 1 year of age.

24.8  Tips and Tricks

After 25  years of experience of antireflux sur-
gery, we think that a key point above all at the 
beginning of the experience is that you have to 
use a 5-port technique: the first port for the optic 
and the second and third port for operative instru-
ments. The fourth trocar is necessary for the liver 
retractor, and 5th trocar for the traction of the GE 
junction, with the experience you can switch to a 
4-trocar technique.

Key points of the technique are the posterior 
closure of the crura with one or two standard 

stitches or with a figure of 8 stitch, to use non- 
resorbable suture to perform the procedure, 
and the need to fix the valve to the right crura 
to stabilize the wrap avoid its torsion and its 
migration.

As for the valve calibration, we prefer to use 
only a small nasogastric tube. Additionally, the 
use of 30° optic is crucial to create a posterior 
window and to well identify the vagus nerve.

24.9  Discussion

Laparoscopic antireflux procedures were first 
described in pediatric patients 25  years ago in 
1993 [1, 8]. The recurrence rate of GERD in chil-
dren undergoing open antireflux procedures is 
well known.

The largest experience reported from 
Fonkalsrud of over 7400 patients found a recur-
rence rate of 7.1% [13]. Several studies reported 
that the laparoscopic antireflux procedure has a 
lower recurrence rate varying from 2 to 5% [2, 
8, 9].

Laparoscopic antireflux surgery has become 
the gold standard, and two techniques, namely, 
the Nissen and Toupet, have proven their effec-
tiveness [2, 8, 9, 11]. The results are certainly 
dependent on the specific training, the surgeon, 
and on his antireflux experience.

In particular, the dissection phase consisting 
in the isolation of the esophagus and in the clo-
sure of the crura is similar for both procedures.

The critical steps of the procedure are to 
abdominalize 3–4 cm of the esophagus, to close 
posteriorly the crura with 1 or 2 stitches, to 
 perform the antireflux mechanism, and then to 
fix the valve to the right pillar to avoid torsion of 
the valve and to avoid migration of the valve in 
the thorax.

As for the choice of procedure to adopt 
between Nissen and Toupet, it’s a surgeon choice 
[2, 8, 9, 11].

There is no doubt that Nissen procedure is the 
most popular procedure performed worldwide in 
adult and also in pediatric patients [8, 9, 15].

There are several studies published in the 
international literature that show that both proce-
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dures give similar long-term results if performed 
by expert hands [2, 9, 11, 12].

Probably Toupet 270° antireflux procedure 
is preferred in patients with esophageal dys-
motility and in patients with a bad esophageal 
peristalsis as the patients operated for esopha-
geal atresia [10, 11].

Our chapter is focused only on the treatment 
of GERD in neurologically normal patients.

In this category of patients, antireflux proce-
dures give excellent long-term results in more 
than 95% of patients [2, 12, 14]. The results of 
antireflux procedures in nerurologically impaired 
children (NIC) are completely different [4, 15], 
because NIC have a lot of problems, as failure to 
thrive, tetraparesis and in the majority of cases 
antireflux procedure alone is not efficient to solve 
their problems [5], but this category of patients 
will be treated in another chapter.

Laparoscopic antireflux procedures compared 
to the open technique have the advantages of a 
lower complication rate, quicker recovery period, 
and a lower failure rate than open fundoplication 
[8, 9, 13]. The learning curve is significant because 
of the advanced laparoscopic skills required, but 
once these skills are mastered, the procedure can 
be performed quickly and effectively.

As for technical details in laparoscopy, we 
never divide the short gastrics, as happened in 
open surgery.

Concerning the complications, laparoscopic 
antireflux surgery requires considerable training.

All techniques demand a precise dissection. 
In general, intraoperative complications in expert 
hands are near 0; sometimes dissection can be 
difficult in case of hiatal hernia or in case of an 
important esophagitis [6, 7].

Regarding the hiatoplasty, the crura has to 
be closed posteriorly using one or two separate 
stitches; in extremely rare cases it is necessary to 
use a patch in order to reinforce the crura.

As for the postoperative controls, at the begin-
ning of laparoscopic surgery 25  years ago, the 
patients were followed periodically with instru-
mental controls as Ph-impedenzometry, barium 
swallow, manometry, and endoscopy, now after 
25 years of experience with this surgery, we per-
formed only clinical controls for 5  years after 

surgery, and instrumental controls are scheduled 
only in case of symptoms.

As for the learning curve that is about of 10–15 
procedures, it’s mandatory to start the experience 
with a mentor on your side expert in laparoscopic 
antireflux procedures.

In conclusion, laparoscopic antireflux pro-
cedures give excellent results in children with 
GERD if performed by expert hands. Nissen and 
Toupet antireflux procedures seem to give similar 
results [2, 13].

These techniques after 25  years of experience 
are standardized, and surgeons have to know step 
by step the procedure. A good preoperative work- up 
and a correct indication for surgery are important.

Complication rate is very low, and in general, 
postoperative controls consist only in the clinical 
exam.
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MIS Gastrostomy

Alberto Sgrò, Rossella Arnoldi, Carlo Gemme, 
Germana Casaccia, Enrico Felici,  
and Alessio Pini Prato

25.1  Introduction

Placement of gastrostomy for long-term enteral 
feeding and therapeutic purposes is fundamen-
tal in management of several issues in children 
including neurologic or metabolic diseases, 
intestinal failure, oesophageal obstruction and 
others. In 1980, Gauderer et al. [1] introduced the 
concept of percutaneous endoscopic gastrostomy 
(PEG) which reached a wide application due to 
its minimal invasiveness and low cost. However, 
it may result not applicable to small children or 
to those carrying anatomical features which may 
increase the risk of complication during or after 
PEG procedure.

In the past, the most common and safest 
method was the open Stamm procedure [2]. 
More recently, minimally invasive surgery 
allowed to fashion a safe gastrostomy with the 
advantages of the PEG technique. Laparoscopic 
gastrostomy (LAP) and laparoscopic-assisted 
PEG (LAPEG) have been reported and gained 
popularity as valid alternatives to the classic 
open Stamm procedure [3, 4]. Stamm technique 
itself has been reported as feasible with a mini-
mally invasive approach [5].

25.2  Preoperative Preparation

All patients and parents should undergo informed 
consent before the procedure. Regardless of the 
chosen procedure for gastrostomy fashioning, 
preoperative enema may be useful to deflate 
the colon, allow a better laparoscopic view and 
reduce the risk of perforation. All gastrostomy 
techniques lead to stomach opening. Due to 
this reason, i.v. antibiotic prophylaxis (cefazo-
lin) should be administered 30  min before the 
procedure. General anaesthesia is induced. In 
case of PEG technique, only sedation and local 
anaesthesia may be considered and discussed 
with anaesthesiologist on the base of patient’s 
characteristics.
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25.3  Patient Positioning

Patient lies in supine position for all gastrostomy 
procedures. Mild reverse-Trendelenburg posi-
tion may be used to achieve a better visualization 
during laparoscopic procedures and to reduce 
the risk of colon interposition between the stom-
ach and the abdominal wall.

25.3.1  PEG

Endoscopy monitor should be placed on the left 
side of the patient. The endoscopist (either paedi-
atric surgeon or gastroenterologist) is on the right 
side of the patient at the level of the head. The 
operator performing the percutaneous manoeu-
vre should stay at the level of the abdomen, 
the side based on patient’s size and age. Both 
involved operators should have direct view both 
of the endoscopic screen and the abdomen. Scrub 
nurse should stay on one side of the patient or just 
at the bottom of the field.

25.3.2  Laparoscopic-Assisted PEG

The surgeon is on the right side of the patient. 
The endoscopist is on the right side at the head 
level. Endoscopy and main laparoscopic moni-
tors are on the left side of the patient. A second 
laparoscopic monitor is positioned behind the 
surgeon. Scrub nurse is on the left side in front 
of the surgeon.

25.3.3  Laparoscopic Gastrostomy 
and Laparoscopic Stamm 
Gastrostomy

The surgeon is on the right side of the patient. 
Main monitor is on the upper left side, second-
ary on the upper right. Assistant is on the left 
side in front of the surgeon. Scrub nurse is on the 
left side. The possibility for the surgeon to stay 
in between the legs and for the assistant to stay 

on the same side of the surgeon represents valid 
alternatives.

25.4  Surgical Technique

25.4.1  PEG

Gastroscopy is performed using a paediat-
ric endoscope. Adult instrument can be used 
depending on patient’s weight and clinical 
characteristics. Gastric cavity needs to be fully 
inflated and distended to obtain the contact 
with abdominal wall and adequate tension for 
the following percutaneous puncture. The site 
for gastrostomy on abdominal wall is identified 
by transillumination which plays a fundamen-
tal role for safety of the procedure. If transil-
lumination can’t be obtained, percutaneous 
procedure should not be performed due to risk 
of organ (especially colon and liver) perfora-
tion. On abdominal wall, gastrostomy should be 
placed on upper left quadrant at least 2 cm away 
from rib cage. In gastric cavity, the preferred 
position for tube insertion is on the anterior wall 
of the antrum, even if the gastric body is accept-
able when it is the only option to obtain a valid 
transillumination. Correspondence between 
transillumination and gastrostomy sites can be 
confirmed by finger pressure on the epigastrium 
being endoscopically visible from inside the 
gastric cavity. Once the site of gastrostomy and 
transillumination is identified, a small skin inci-
sion on the site needs to be done. Through that 
incision, a large bore needle is inserted inside 
the stomach under endoscopic visualization. In 
the “pull” technique [1], a string is inserted in 
the stomach through the needle, then grasped 
with endoscopic forceps (or a loop) and pulled 
out through the oesophagus and the mouth. The 
string is fixed to the external end of the feeding 
tube which is, then, pulled through the mouth, 
the oesophagus and the stomach to reach the 
final positioning of the bumper.

When transit of the bumper along the oesoph-
agus is not considered to be feasible or safe (i.e. 
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strictures, mucosal fragility, etc.), PEG variation 
can be used. While endoscopic procedure and 
site identification through transillumination are 
similar, tube insertion is different. In the “push” 
technique with introducer [6], after site iden-
tification, the stomach is fixed to the abdomi-
nal wall by insertion of three T-fasteners under 
endoscopic view. Subsequently , a guidewire is 
inserted in the stomach through a needle, and 
a indirect Seldinger technique is used to insert 
an introducer (similar to a peel-away device for 
percutaneous central venous catheter placement) 
and, finally, the gastrostomy tube with inflating 
balloon fixation.

In both “push” and “pull” techniques, the 
correct positioning and free rotation of the tube 
should be endoscopically confirmed as the last 
step of the procedure.

If the PEG kit with a stiff bumper is used, 
tube replacement will require a second endo-
scopic procedure under anaesthesia about 
10–12  weeks after first surgery. Under endo-
scopic visualization, the bumper is grasped 
with an endoscopic forceps or loop. The tube is 
externally cut at the skin level, and a new gas-
trostomy tube with balloon is positioned under 
direct view. The bumper is then extracted 
through the oesophagus and the mouth together 
with the endoscope.

25.4.2  Laparoscopic-Assisted PEG

LAPEG [7] is used when no transillumination 
can be obtained or when PEG is not considered 
to be safe enough due to patient characteristics 
(i.e. previous abdominal surgery). A 5 mm port 
and camera are positioned in the upper right 
quadrant. Camera may be positioned through 
the umbilicus, but there is a risk of worse visu-
alization during stomach insufflation. One or two 
additional 5 mm ports are inserted to gain access 
for instruments. The stomach is visualized, and 
causes for failed transillumination are identified. 
If needed, lysis of adhesions and organ mobili-
zation are performed to free the space between 

the stomach and the abdominal wall. Abdominal 
pressure is decreased down to 6–7 mmHg. PEG 
pull technique is now performed. Needle and tube 
insertion and stomach-to-wall approximation are 
controlled and confirmed under direct laparo-
scopic visualization. When needed, approxima-
tion can be facilitated by grasping the stomach 
to the abdominal wall. At the end, one or two 
fixation stitches can be laparoscopically posi-
tioned between the stomach and abdominal wall 
to decrease the risk of subsequent detachment. A 
limitation for this procedure is related to gastric 
inflation and subsequent downward carbon diox-
ide migration that can impair visualization of the 
whole abdominal cavity.

25.4.3  Laparoscopic Gastrostomy

Gastrostomy site is marked on the skin in the 
upper left quadrant. A 5  mm optical port is 
positioned through the umbilicus. After pneu-
moperitoneum’s creation, the stomach is visu-
alized. A 5 mm forceps is introduced trocarless 
through the gastrostomy site to grasp the ante-
rior gastric wall. Before this manoeuvre, mild 
insufflation of the stomach by anaesthesiologist 
may help to avoid the accidental co-grasping of 
the posterior wall. Stomach is approximated to 
the abdominal wall corresponding to the gas-
trostomy site. Two fixation stitches are posi-
tioned in extracorporeal manner on both sides 
of this site. They are passed through the skin, 
abdominal wall and then internally through 
gastric wall under laparoscopic view. Stitches 
are then returned externally through abdomi-
nal wall. Once the stomach is secured to the 
abdominal wall, a Seldinger technique is used 
to introduce the gastrostomy tube. A needle is 
inserted in the stomach through the gastrostomy 
site, and a guidewire is passed. Gastrostomy 
site and gastric wall are progressively dilated 
with introducers up to the calibre of the tube 
which is at the end inserted. Correct positioning 
of the tube is assessed by injecting saline under 
direct laparoscopic view.

25 MIS Gastrostomy
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25.4.4  Laparoscopic Stamm 
Gastrostomy

A 5 mm optical port is positioned in the umbi-
licus. Two additional operative ports are posi-
tioned on the lower left and upper right quadrant. 
The stomach is visualized, and anterior antric/
body wall of the stomach is approximated to 
the abdominal wall to identify the site of gas-
trostomy. Here a small incision is made on the 
skin and the wound undermined. Two fixation 
stitches are positioned between muscular wall 
and  stomach above and on the left side of the 
insertion site. The strings are kept outside in a 
mosquito. A double purse string is fashioned 
laparoscopically around the insertion site on 
the gastric wall (Fig. 25.1). A gastrostomy tube 
is then passed through the site on the abdomi-
nal wall into the abdomen. An incision on the 
gastric wall is made in the middle of the purse 
string (Figs. 25.1 and 25.2), and the tube is then 
passed inside the stomach (Fig.  25.3). Purse 
strings are tightened laparoscopically around the 
tube (Fig. 25.3). Two additional fixation stitches 
are positioned between the abdominal wall and 

stomach below and on the right side of gastros-
tomy (Fig. 25.4). All fixation stitches are at the 
end tightened to securely approximate the stom-
ach to the abdominal wall (Fig.  25.5). Threads 
are tied in the subcutaneous tissue. Figure 25.6 
shows endoscopic view of the laparoscopic 
Stamm gastrostomy.

Fig. 25.1 The site for gastrostomy has been chosen; the 
purse string fashioned and a diathermy incision on the 
gastric wall are performed to lead the tube insertion

Fig. 25.2 Blunt dissection is required to reach the gastric 
cavity (the stomach is kept filled of air in order to early 
detect mucosal opening)

Fig. 25.3 Once the tube is inserted and the balloon 
inflated, the purse strings are sutured and tied to seal the 
gastrotomy
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25.5  Postoperative Care

For all gastrostomy techniques, feeding is allowed 
the day after surgery according to tolerance. It is 
preferable to start with small meals at low infu-
sion rate to avoid stomach distension until a nor-
mal gastric motility is recovered. Meals’ volume 
and infusion rate will be increased in 4–5 days 
to reach the full regimen according to tolerance. 
The presence of a gastrostomy doesn’t exclude 
oral feeding when allowed. Patient can be dis-
charged after 3–4 days or when full enteral tol-
erance is obtained. According to tolerance, a 
programme to increase infusion rate in order to 
reduce meals’ duration and improve quality of 
life can be applied at home, after discharge.

The tension applied to the abdominal wall 
by gastric tube (or button) should be strictly 
assessed daily during first few days after sur-
gery. Postoperatively tissues’ oedema may lead 
to increased abdominal wall thickness. This issue 
can cause the balloon (or bumper) to sit on gas-
tric mucosa. A well-balanced tension is needed to 
favour stomach-to-abdomen adhesion avoiding 
migration leading to “buried bumper syndrome”. 
This is of utmost importance for dystrophic 
patient where tissues are weaker and thinner. 
Correct tube’s placement can be assessed by its 
rotation and gentle movements through gastros-
tomy. Resistance to these movements and leak-
age from gastrostomy should rise the suspect of 
“buried bumper”.

Gastrostomy can be kept cleaned using only 
saline. Few and small gauzes are sufficient to 
dress the gastrostomy during first weeks after 
surgery.

25.6  Brief Review of Literature 
and Discussion

Several diseases in children require a gastros-
tomy for enteral feeding. Among all, neurologic 
disabilities, intestinal failure, short gut syndrome 
and oesophageal obstruction are the most rele-
vant. Advances led to development of minimally 
invasive techniques for gastrostomy formation. 
PEG described by Gauderer [1] was the first 
reported and gained popularity due to patient 

Fig. 25.4 An endoclose device is used to pull the sutures 
out of the abdominal wall

Fig. 25.5 The stomach is approximated to the anterior 
wall of the abdomen and tied strongly to allow fixation of 
the stomach

Fig. 25.6 Endoscopic view of the balloon inside the gas-
tric cavity, well positioned and safe
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tolerance, minimally invasiveness and low cost. 
New laparoscopy-based techniques have been 
recently developed such as laparoscopic-assisted 
PEG (LAPEG), laparoscopic gastrostomy (LAP) 
and laparoscopic Stamm gastrostomy. PEG and 
its replacement, as well as all laparoscopic tech-
niques are performed under general anaesthesia 
in most of cases. Completion rates are around 
98–100%, and there are not significant differ-
ences between techniques [8, 9]. Of note, when 
addressing operative time under anaesthesia, 
one should consider that PEG requires two pro-
cedures. This will make PEG similar to others. 
Also, time to gain full enteral feed does not seem 
to be affected by the type of technique used for 
gastrostomy placement.

There is a debate on which of these techniques 
is the best option in children, and main discus-
sions focus especially on differences between 
PEG and all laparoscopic approaches. Recently 
a meta-analysis has been published compar-
ing laparoscopic versus endoscopic percutane-
ous gastrostomy in children [10]. Few studies 
in literature deeply investigated differences in 
outcome. PEG and laparoscopic techniques are 
extremely different due to the view under which 
the gastrostomy is created. PEG requires only 
one small skill incision, but the exclusive endo-
luminal view does not allow a totally safe control 
of bowel interposition with risk of perforation. 
Laparoscopic techniques require more incisions 
and pneumoperitoneum creation, but it is much 
safer towards risk of perforation due to the possi-
bility to control stomach and bowel from outside 
the lumen.

A higher risk of major intra- and postopera-
tive complications due to perforation of adjacent 
bowel has been demonstrated when using PEG 
technique [8, 9, 11]. This risk is irrelevant when 
laparoscopy is used. Moreover, using PEG, com-
plications are usually detected postoperatively 
when faecal leakage, peritonitis or sepsis are 
present. This is very unlikely to happen with lap-
aroscopic approaches as the eventual perforation 
would be identified and repaired intraoperatively 
avoiding worse morbidity.

Another comparative outcome related to com-
plications is the rate of early tube dislodgments. 

Placement of PEG has been reported to have up 
to seven times higher risk of early dislodgments 
[10] which can result in main complications such 
as peritonitis due to intraperitoneal gastric leak 
[12]. Using laparoscopic techniques, gastropexy 
is always performed obtaining a firm attach-
ment of the stomach to the abdominal wall. This 
technical aspect significantly reduces the risk 
of intraperitoneal leak in case of early tube dis-
lodgment. Moreover, bedside tube replacement 
is likely to be successful without the need for a 
further anaesthesia which becomes necessary in 
those PEG cases where early dislodgment leads 
to stomach’s detachment from abdominal wall 
[8, 11].

The risks of inadvertent bowel injury and 
early tube dislodgment are the reason why PEG 
is reported to carry a significantly higher reop-
eration rate when compared to laparoscopic 
techniques [10]. Similarly, major causes for reop-
eration for other techniques are mostly related to 
superficial stoma complications.

It has not been demonstrated which laparo-
scopic technique would be the preferable, yet. 
Indeed, as explained above, all of them carry 
common advantages towards risks of main intra- 
and postoperative complications thanks to the 
possibility of an extraluminal visualization and 
to gastropexy’s feasibility. For this reason, the 
choice is mostly based on surgeon preferences 
and skills. As stated above, LAPEG may result in 
an inadequate visualization when the stomach is 
fully inflated. When performing LAP, visualiza-
tion of the stomach and bowel is adequate, and 
gastropexy is easier. Anyway, LAP may not be 
indicated in older and heavier patients in whom 
it may be difficult to bring the stomach through 
a small incision. For this kind of patient, LAPEG 
may be considered the best option. The choice 
between LAP and laparoscopic Stamm gastros-
tomy resides mostly on surgeon’s attitude and 
preference. Stamm procedure involves a higher 
number of intraperitoneal stitching manoeuvres 
and stomach opening inside the peritoneal cav-
ity, making it more indicated for highly skilled 
surgeons [5].

Even if still under debate [13, 14], gastros-
tomy placement is often combined to gastric fun-
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doplication in neurologic impaired patients with 
gastroesophageal reflux. In these cases, LAP or 
laparoscopic Stamm are the preferred technique 
due to the current ports’ disposition. LAPEG or 
PEG should be avoided due to the need for transit 
of the endoscope and of the bumper through a 
just fashioned fundoplication.

PEG is still widely used in children due to 
its popularity, relative simplicity and (supposed) 
minor impact on patient due to minimal invasive-
ness. On the other hand, all the issues discussed 
above make laparoscopic procedures preferable 
in children when compared to PEG. Indeed, sig-
nificantly, lower risks of complications are the 
main reasons to prefer a laparoscopic approach 
especially when advantages from the anaesthetic 
point of view are neither present. General anaes-
thesia may lead to complications, especially in 
patients with cardiac or respiratory disease [15]. 
If the choice of gastrostomy technique does not 
influence on general anaesthesia plan and pro-
cedure can be maintained relatively straightfor-
ward (based on surgeon’s experience and skills), 
laparoscopic techniques should be preferred. All 
considerations reported above on several MIS 
techniques underline that all patients’ character-
istics are the most important indicator to choose 
the best gastrostomy technique.

References

 1. Gauderer MW, Ponsky JL, Izant RJ.  Gastrostomy 
without laparotomy: a percutaneous endoscopic tech-
nique. J Pediatr Surg. 1980;15:872–6.

 2. Goretsky MF, Johnson N, Farrell M, et al. Alternative 
techniques of feeding gastrostomy in children: a criti-
cal analysis. J Am Coll Surg. 1996;182:233–40.

 3. Rothenberg SS, Bealer JF, Chang JH. Primary laparo-
scopic placement of gastrostomy buttons for feeding 

tubes. A safer and simpler technique. Surg Endosc. 
1999;13:995–7.

 4. Jones VS, La Hei ER, Shun A. Laparoscopic gastros-
tomy: the preferred method of gastrostomy in chil-
dren. Pediatr Surg Int. 2007;23:1085–9.

 5. Vasseur Maurer S, Reinberg O.  Laparoscopic tech-
nique to perform a true Stamm gastrostomy in chil-
dren. J Pediatr Surg. 2015;50(10):1797–800.

 6. Russell TR, Brotman M, Norris F. Percutaneous gas-
trostomy. A new simplified and cost-effective tech-
nique. Am J Surg. 1984;148:132–7.

 7. Lopes G, Salcone M, Neff M. Laparoscopic-assisted 
percutaneous endoscopic gastrostomy tube place-
ment. JSLS. 2010;14(1):66–9.

 8. Akay B, Capizzani TR, Lee AM, Drongowski RA, 
Geiger JD, Hirschl RB, Mychaliska GB. Gastrostomy 
tube placement in infants and children: is there a pre-
ferred technique? J Pediatr Surg. 2010;45(6):1147–52.

 9. Zamakhshary M, Jamal M, Blair GK, Murphy JJ, 
Webber EM, Skarsgard ED.  Laparoscopic vs per-
cutaneous endoscopic gastrostomy tube inser-
tion: a new pediatric gold standard? J Pediatr Surg. 
2005;40(5):859–62.

 10. Suksamanapun N, Mauritz FA, Franken J, van der Zee 
DC, van Herwaarden-Lindeboom MY. Laparoscopic 
versus percutaneous endoscopic gastrostomy place-
ment in children: results of a systematic review and 
meta-analysis. J Minim Access Surg. 2017;13(2):81–8.

 11. Conlon SJ, Janik TA, Janik JS, Hendrickson RJ, 
Landholm AE.  Gastrostomy revision: incidence and 
indications. J Pediatr Surg. 2004;39(9):1390–5.

 12. Rosenberger LH, Newhook T, Schirmer B, Sawyer 
RG.  Late accidental dislodgement of a percutane-
ous endoscopic gastrostomy tube: an underestimated 
burden on patients and the health care system. Surg 
Endosc. 2011;25(10):3307–11.

 13. Viswanath N, Wong D, Channappa D, Kukkady A, 
Brown S, Samarakkody U. Is prophylactic fundopli-
cation necessary in neurologically impaired children? 
Eur J Paediatr Surg. 2010;20:226–9.

 14. Yap BK, Nah SA, Chen Y, Low Y.  Fundoplication 
with gastrostomy vs gastrostomy alone: a systematic 
review and meta-analysis of outcomes and complica-
tions. Pediatr Surg Int. 2017;33(2):217–28.

 15. LA G, Megison ML, Harmon CM, Chen MK, 
Anderson S, Chong AJ, Chaignaud BE, Beierle 
EA. Laparoscopic surgery in children with congenital 
heart disease. J Pediatr Surg. 2012;47(6):1084–8.

25 MIS Gastrostomy



199© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_26

Laparoscopic Pyloromyotomy
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26.1  Introduction

Little controversy still exists to establish the most 
appropriate treatment of hypertrophic pyloric 
stenosis (HPS) in neonates and infants. The 
nonoperative treatment with oral or intravenous 
atropine has low acceptance due to the overall 
success rate of 75–79%, the long-term therapy, 
and the collateral effects [1, 2]. Surgical treat-
ment described in 1912 by Dr. Conrad Ramstedt 
remains the suitable standard management 
option due to the higher success rate (~100%), 
minimal complications, and shorter hospital stay 
[1, 3]. In recent years, pediatric laparoscopy and 
other minimal invasive techniques have found a 
place in the surgical therapy for HPS offering 
excellent results but creating some controversy 
about the benefits when comparing to the open 
approach [4–6].

HPS is the main cause of gastric outlet 
obstruction and one of the common patholo-
gies requiring abdominal surgery within the 
first 2  months of life. It is characterized by 
hypertrophy of the circular muscle layer of 
the pylorus with a consequent narrowing and 
elongation of the pyloric channel. The exact 
etiology is unknown, but several studies have 
proposed a relation with genetic factors [8], 
maternal smoking during pregnancy, being first 
born, preterm delivery, small weight for gesta-
tional age, cesarean section [9], young maternal 
age [10], and exposure of erythromycin in the 
neonatal period [11, 12] . Positive family his-
tory has been reported in 17% with one family 
member and 3% in two or more family mem-
bers [13]. The overall incidence in European 
countries is 2.0 per 1000 live births [10] and 
occurs with a fivefold male predominance [9]. 
The common onset of clinical features such 
as non-biliary progressive projectile vomiting, 
observing the gastric peristaltic waves, and pal-
pation of the thickened (olive- shaped) pylorus 
occur between the third and the sixth week of 
age. Late-onset presentation has been described 
[14, 15]. Delay in the diagnosis and treat-
ment causes dehydration, important electrolyte 
abnormalities such as hypokalemic/hypochlo-
remic metabolic alkalosis, and in some cases 
jaundice and esophagitis [13].
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26.2  Diagnosis

A correct anamnesis and clinical examination 
allow to establish the diagnosis of HPS in the 
75–80% of the cases, but in recent years, this is 
becoming a lost skill [13, 15].

Haller and Cohen in 1986 reported a 
pyloric diameter ≥15  mm, a pyloric wall mus-
cle thickness  ≥4  mm, and a pyloric channel 
length ≥18 mm as reliable ultrasound measure-
ments to establish the diagnosis of HPS.  Since 
then, ultrasound has gained popularity as a value 
tool in the diagnosis of HPS due to the excellent 
specificity and sensitivity and the ease of obtain-
ing the noninvasive study. Forster et al. reported a 
sensitivity and specificity of pyloric muscle wall 
thickness of 91% and 85%, respectively, and sen-
sitivity and specificity of pyloric muscle length 
of 76% and 85%, respectively [11]. Other authors 
have reported similar results modifying the US 
measurements of muscle wall thickness >3 mm, 
a pyloric diameter >10 mm, and a pyloric channel 
length >15 mm [12].

Upper GI series may be also helpful in the 
diagnosis of HPS and could exclude other 
pathologies. The characteristic features in HPS 
are delayed gastric emptying, the “string” sign 
(a single long central streak of contrast filling 
the pyloric channel), an up-turned pyloric curve, 
the “beak” sign (as contrast enters the proximal 
pyloric channel it forms a beak), and indentation 
of the base of the duodenal bulb by the pyloric 
muscle mass [14].

26.3  Preoperative Care

Before surgery, a complete stabilization and 
correction of the dehydration and electrolyte 
imbalance is mandatory to avoid complications 
with anesthesia and during the immediate post-
operative period [2]. There is wide variance 
of protocols of fluid and electrolyte replace-
ment in HPS, but typical regime includes 
correction with a solution containing 0.45% 
NaCl and 5 or 10% dextrose with KCl added 
at 10  mmol/500  ml. Controversy still exists 
regarding the benefits of nasogastric tubes for 

continuous decompression of the stomach pre-
operatively, the use of prophylactic antibiotics, 
and the use of antacids [9].

Small babies must be kept warm either with 
increase of the temperature in the operating room 
as well as with controlled temperature devices. 
For the laparoscopic approach, the small patient 
could be placed transversally in the operat-
ing table to facilitate the laparoscopic setting 
(Fig.  26.1). It is advised to place a nasogastric 
tube right before surgery to empty and to deflate 
the stomach and also could be used to exclude 
perforation of the mucosa during the pyloromy-
otomy [4].

26.4  Surgical Technique

Extramucosal pyloromyotomy described by Dr. 
Conrad Ramstedt in 1921 is the gold standard 
for the surgical treatment of HPS [4, 5]. Due to 
the higher success rate (~100%), shorter hospital 
stay, minimal complications, and nearly 100% 
survival, today, the surgical treatment for HPS 

Fig. 26.1 Position
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is preferred in comparison with the conserva-
tive medical treatment. Moreover, in this new era 
with the concept of minimal invasive surgery, the 
classic open approach (right transverse supraum-
bilical minilaparotomy) to perform a Ramstedt’s 
extramucosal pyloromyotomy (REP) has been 
losing popularity.

Patient positioning and laparoscopic setup 
are shown in Figs. 26.1 and 26.2. In our experi-
ence, the transverse position of the patient in 
the operating table allows better instrumenta-
tion settings and better ergonomic position to 
operate.

After disinfection and pose of sterile drapes, a 
small (~5 mm) curved upper or infraumbilical rim 
incision is performed. Incision of the aponeuro-
sis and the peritoneum is performed. A U-shaped 
stitch of a 3-0 reabsorbed suture is placed in the 
aponeurosis. This suture will be use to fix the 
umbilical trocar to avoid displacement during sur-
gery and to close the aponeurosis at the end of the 
procedure. A 5 mm trocar is placed in the umbi-
licus, and a 6–8 mmHg CO2 pneumoperitoneum 
is applied. Special attention is recommended to 
purge very well the tube of the insufflator with 
CO2 before to attach it to the  trocar; this is per-
formed to eliminate the room air in the system. 
Through this trocar, a 0o or 30o 5 mm telescope is 
inserted. The most common position of the other 
two trocars of 3 mm for instrumentation is one at 
the epigastrium and the other in the lateral part 
of the right hypochondrium (Fig.  26.3). With a 
3-mm laparoscopic Babcock clamp, inserted in 

the right hypochondrium trocar, the hypertro-
phied pylorus is fixed and exposed. Through the 
epigastric trocar, a 3-mm laparoscopic retract-
able scalpel is inserted to perform the pyloromy-
otomy. The use of a laparoscopic electrocautery 
monopolar hook to perform the seromuscular 
pyloric incision has been also reported [6]. An 
incision is made over the anterosuperior part of 
the pylorus, beginning at the demarcated pyloro-
duodenal junction about 2  mm proximal to the 
pyloric vein and extending the incision onto the 
gastric antrum. Either with a special 3-mm lapa-
roscopic pyloric spreader (Fig. 26.4) or with an 
atraumatic grasper, the pyloric muscle fibers are 
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then widely split until the mucosa is visible and 
bulging (Fig. 26.5). Hemostasis is assured. A per-
foration test could be performed dropping saline 
with a 3-mm laparoscopic irrigation system and 
insufflation of the stomach with air through a 
nasogastric tube, searching for bubbles. Although 
the absence of bubbles suggests a low suspicion 
of mucosal impairment, this technique does not 
exclude completely the possibility of perfora-
tion [2]. The pneumoperitoneum is evacuated, 
and the incisions of the trocars are closed with 
interrupted stitches of 4-0 absorbable sutures. 
The skin could be closed with rapid absorbable 
sutures or with glue.

26.5  Postoperative Care

Maintenance of intravenous fluids is continued 
until the patient is feeding satisfactorily. Most 
patients start oral feeds 4–6  h after surgery. 
Although several protocols to increase the vol-
ume and concentration of the meals for the rein-
troduction of oral feeds exist, some institutions 
advocate feeding ad libitum with excellent results 
[9]. Table 26.1 shows a common protocol of oral 
feeding. Most patients tolerate full feedings 
24–48  h after surgery and could be discharged 
from the hospital [3]. Postoperative esthetics of 
the scars is very good (Fig. 26.6).

26.6  Complications

Randomized controlled trials comparing out-
comes after open and laparoscopic pyloro-
myotomy have been published [6, 7]. These 
studies concluded that there were no statisti-
cally significant differences in complication 
rates.

Fig. 26.4 Laparoscopic instruments for pyloromyotomy

Fig. 26.5 Laparoscopic pyloromyotomy

Table 26.1 Feeding protocol 4–6  h after 
pyloromyotomy

Substance Quantity
Time of 
interval

Times of 
administration

Pedialyte or 
water with 10% 
glucose

30 ml Every 
3 h

2

Half-strength 
formula or 
complete breast 
milk

30 ml Every 
3 h

1

Full-strength 
formula or 
breast milk

30 ml Every 
3 h

1

Full-strength 
formula or 
breast milk

60 ml Every 
3 h

2

Full-strength 
formula or 
breast milk

90 ml Every 
3 h

2

Full-strength 
formula or 
breast milk

Ad 
libitum

Every 
3 h

P. Montupet et al.
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The rate of complications during or after 
pyloromyotomy is very low and generally related 
to the inexperience of the surgeon during the 
 learning curve. Common major complications 
include mucosal perforation or incomplete pylo-
romyotomy. In both cases, the treatment of these 
complications should be performed with or by 
an experienced surgeon and could be performed 
by open or laparoscopic approach. Mucosal per-
foration occurs mainly secondary to excessive 
separation of the muscular fibers in the duode-
nal side of the pylorus; in this case, the perfora-
tion is closed with an absorbable suture, and a 
patch of omentum is applied over the suture. A 
new pyloromyotomy in the posterosuperior face 
of the pylorus may be performed. Incomplete 
pyloromyotomy is mainly secondary to a short 
incision or incomplete separation of the muscle 
fibers of the gastric side of the pylorus. In this 
case, a new intervention is necessary to complete 
the pyloromyotomy.

Other severe and very rare complications such 
as air or carbon dioxide embolism during lapa-
roscopic pyloromyotomy have been reported [3].

26.7  Discussion

Diagnosis of HPS has made important changes 
since the introduction of ultrasound. Prompt 
diagnosis and stabilization of the dehydration 

and electrolyte imbalance allow a sooner surgi-
cal correction of the gastric outlet obstruction 
with a consequent better outcome. Regarding 
the surgical procedure, Ramstedt extramuco-
sal pyloromyotomy is considered still the gold 
standard.

The randomized controlled trials existing in 
the literature, comparing the open and the lapa-
roscopic pyloromyotomy, concluded that both 
approaches are equally safe and reproducible 
in experienced hands. From the cosmetic point 
of view, no real benefits exist between the tran-
sumbilical open approach and the laparoscopic 
approach. The surgeon must choose the best 
approach in base of his surgical experience and 
skills and in the resources of the institution where 
he works. Moreover, a close supervision by an 
experienced pediatric surgeon faculty is manda-
tory while training residents during an open or 
a laparoscopic pyloromyotomy to decrease the 
risk of major complications. Further randomized 
controlled trials regarding new techniques such 
as the needlescopic approach [6], single-incision 
approach [7], and the new endoscopic intralumi-
nal pyloromyotomy [3] are necessary to evaluate 
their real benefits, complications, and contraindi-
cations in this domain.

Publications in the medical literature evalu-
ating the long-term follow-up after pyloromy-
otomy are scanty. The outcome of the pyloric 
hypertrophy after a pyloromyotomy was studied 
in 103 infants by Muramori et al. [9]. They per-
formed serial ultrasonographic measurements 
regarding channel length, muscle thickness, and 
diameter of the pylorus for a period of 1  year 
after surgery. In contrast to the prompt improve-
ment of clinical symptoms, they found that the 
length of the pyloric channel reached a normal 
length (~12.7 ± 2.8 mm) around 4 months after 
surgery, the muscle thickness reached a normal 
range (~2 mm) until 8 months after surgery, and 
the pyloric diameter did not reach a normal diam-
eter (~10–12 mm) even by the end of 1 year after 
surgery.

Walker et  al. [3] analyzed the neurological 
development of infants operated for HPS and 

Fig. 26.6 Postoperative results of the scars
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compare them with healthy control infants at 
1  year of age. They found that the cognitive, 
receptive language and motor score were sig-
nificantly lower in HPS infants than in controls. 
Other authors have reported chronic abdomi-
nal pain probably secondary to irritable bowel 
syndrome, functional dyspepsia, and func-
tional abdominal pain in children operated of 
HPS in a mean follow-up period of 7  years 
when compared to healthy control children [4]. 
These findings raised concerns over the poten-
tial impact of HPS and its surgical treatment. 
Further studies are necessary to elucidate these 
results.

In conclusion, laparoscopic pyloromyotomy 
is safe and feasible and offers excellent post-
operative results in neonates and infants with 
congenital pyloric stenosis. During the learning 
curve process of surgeons in training, a correct 
supervision by experienced laparoscopic sur-
geons is mandatory in order to decrease the risk 
of complications. Further studies regarding new 
techniques such as the needlescopic approach, 
the single-incision approach, and the endoscopic 
intraluminal pyloromyotomy are necessary to 
evaluate their real benefits, complications, and 
contraindications in this domain.
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Laparoscopic Jejunostomy

Nikolaos Baltogiannis

27.1  Introduction

Enteral nutrition is defined as nutrition given 
through a feeding tube. This offers several 
advantages as compared to parenteral nutrition. 
Parenteral nutrition should only be used when 
nutritional requirements cannot be met via the 
gastrointestinal tract or when there is bowel dys-
function. Undoubtedly, enteral nutritional sup-
port is superior to total parenteral nutrition in 
terms of achieving nutritional goals, improving 
outcomes, maintaining gastrointestinal mucosal 
integrity, promoting immunosecretory function, 
and avoiding infectious complications.

Patients with a long-term need (>3 months) for 
enteric feeding are best managed with a gastros-
tomy or jejunostomy [1]. Jejunostomy is not com-
monly performed in children, but surgical feeding 
jejunostomy is an established feeding route in 
order to obviate gastric feeding intolerance [2, 
3]. Jejunostomy feeding often starts with a trans-
gastric jejunal tube placed distal to the ligament 
of Treitz; however, it is only a transitory choice 
due to its excessively high complication rate [2, 
3]. Feeding via the jejunum was first described by 
Wilhelm Busch, who, in 1858, provided a diet of 
eggs, flour, meat, and broth to a woman through 

intermittent instillation with a jejunal fistula [4]. 
Since then, jejunostomy has been used for nutri-
tional support in clinical situations wherein gas-
trostomy may be precluded or contraindicated. As 
a sole procedure, it is advised for congenital disor-
ders and neurologic dysfunction presenting with 
persistent retching, sleep disturbance, and recur-
rent pneumonia in children with failure to thrive 
due to gastroparesis, uncorrected gastroesopha-
geal reflux, postoperative feeding, anatomic or 
functional gastric outlet obstruction, or chronic 
pancreatitis [5, 6]. Most pediatric surgeons pre-
fer the usage of more versatile gastrostomy for 
patients who require long- term enteric feeding; 
[5] moreover, we also primarily use gastrostomy 
over other methods for long-term enteral access.

The first jejunostomy, however, was not per-
formed until 1878 by Surmay [7]. With the devel-
opment of this technique and great demand for 
minimization of the surgical invasion and optimal 
cosmetic result, O’Regan and Scarrow pioneered 
laparoscopic jejunostomy in the 1990s [8]. After 
this initial effort, numerous surgical techniques 
for enteral feeding have evolved over the years: 
laparotomy including longitudinal and transverse 
Witzel [9], Roux-en-Y [10], “omega” jejunos-
tomy tube [11], needle catheter technique [12], a 
percutaneous endoscopy [13], and laparoscopic- 
assisted jejunostomy [14] or totally laparoscopy 
[15]. The ideal jejunostomy technique depends 
on the material resources but more importantly 
on the experience of the pediatric surgeon. In 
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any case, endoscopic or laparoscopic surgery is 
a one-way road as all pediatric surgeons embrace 
minimally invasive surgery for various well-
known reasons.

27.2  Operative Room Setup 
and Laparoscopic 
Instruments

The pediatric patient is placed in a supine 
position on the operating table. The surgeon 
and the camera operator are standing by the 
patient’s right hip. The assistant may stand on 
the opposite side, whereas the scrub nurse is 
on the patient’s right side near the foot of the 
table. The laparoscopy set is placed on the left 
side of the patient, near the child’s left shoulder 
(Fig.  27.1a). The required laparoscopic instru-
ments are the following:

• 0° or 30° laparoscope
• 5–10-mm trocar for laparoscope

• Two 3–5-mm trocars.
• Needle holder.
• Atraumatic or fenestrated bowel grasper.
• Scissors.
• Monopolar hook diathermy.
• Jejunostomy tube.

27.3  Trocar Placement

• 10-mm trocar for the camera in the umbilical 
region.

• First trocar in the right lower quadrant, near 
midline.

• Second trocar in the right upper quadrant (the 
position wherein the surgeon’s left hand is 
located).

• Feeding jejunostomy is generally placed in the 
left upper quadrant, lateral to the rectus muscle 
sheath and slightly above the level of the umbi-
licus, and in a position not so cephalic as to 
interfere with a possible gastrostomy 
(Fig. 27.2).
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27.4  Technique of Laparoscopic 
Jejunostomy

As with gastrostomy tube placement, no particu-
lar method of jejunostomy placement has been 
proven to be the best method.

• Under general anesthesia, the pediatric patient 
is placed in a supine position. All patients 
receive cefoxitin sodium intravenously prior to 
surgery as a prophylaxis. A nasogastric tube 
should be passed into the stomach before the 
procedure. The technique begins with a 10-mm 
semicircular or vertical incision in the umbili-
cal fold that is wide enough to accommodate 
the diameter of the camera’s trocar. We prefer 
the Hasson technique through open method to 
obtain intraperitoneal access at the umbilical 
port site. The trocar of the laparoscope needs 
not be fixed to the abdominal wall to prevent air 
leakages, as a balloon trocar is usually used 
(Fig. 27.1b). This device has a retention balloon 
that lies under the fascia and is filled with about 
20  cm3 of air. A moveable foam pad slides 
down the skin and is secured in place with an 

incorporated clasp to prevent air leakage. After 
carbon dioxide insufflation through the sleeve, 
the optical equipment is introduced in the usual 
manner, and the abdomen is surveyed in order 
to ensure no unexpected pathology or abnor-
malities. Subsequently, two ports must be 
placed under direct visualization for the work-
ing instruments. A 5-mm port is inserted into 
the right lower quadrant; another 5-mm port is 
inserted in the right upper quadrant where the 
surgeon’s left hand is, lateral to the rectus 
abdominis muscle (Fig.  27.2). Proper trocar 
placement is essential for a successful laparo-
scopic surgery. The correct identification of the 
ligament of Treitz will aid in proper tube place-
ment. Locating the ligament of Treitz is most 
easily accomplished by placing the patient in a 
slight reverse Trendelenburg position, reflect-
ing the transverse colon and omentum superi-
orly and following the transverse colon 
mesentery to its posterior origin. The ligament 
of Treitz should be visualized just to the left of 
the midline in its posterior location. It is essen-
tial that the proximal jejunum is clearly identi-
fied. Once the loop is identified, a point that is 
approximately 30 cm from the duodenojejunal 
flexure is selected as the jejunostomy site. This 
is an appropriate distance for an ideal place-
ment of jejunostomy, as malabsorption is pos-
sible if the tube is placed too distally. On the 
other hand, if the tube is too proximal, reflux 
may occur into the stomach via the duodenum 
and lead to aspiration.

• Once the appropriate point for the jejunostomy 
is identified, it has to be elevated to touch the 
left upper quadrant abdominal wall (Fig. 27.3). 
Moreover, it should be verified that there is no 
tension on the selected jejunal loop when 
brought up to the anterior abdominal wall.

• The jejunum is held at this point on its antimes-
enteric surface against the anterior abdominal 
wall. The first anchoring suture is placed just 
1 cm cephalic to the point of the tube placement 
between the seromuscular layer of the antimes-
enteric border of the intestine and the abdomi-
nal wall adjacent to its entry site (Fig. 27.4). For 
this procedure, we use a 3–0 Vicryl suture.

• A small enterotomy is made with a monopolar 
hook diathermy, and if necessary, it is enlarged 

Fig. 27.2 Port placement for jejunostomy
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with a laparoscopic dissector; however, this is 
not a common practice. The jejunostomy tube 
is inserted through the abdominal wall using 
an open technique and is passed into the jeju-
num under laparoscopic vision (Fig. 27.5).

• The second suture is placed symmetrically 
and similar to the first suture (Fig. 27.6).

• Inflate the balloon with 2–3 mL of saline, and 
ensure that the balloon will not cause intesti-
nal obstruction. Note that the shape of the 
inflated balloon we use is not round as usual 
but is flat (Fig. 27.1c). Pull up the catheter so 
that the balloon will bring the jejunum firmly 
attached to the abdominal wall and push the 
outer flange against the anterior abdominal 
wall in order to anchor the tube to the skin. 
Through this, the absence of leakage can be 
ensured.

• If desired, additional 3–0 sutures may be 
placed to anchor the bowel wall to the under-
side of the abdominal wall at the left and right 
sides of the tube, as a safeguard against leak-
age. In cases of uncertainty, a seromuscular 
purse-string suture can be taken before creat-
ing the jejunal opening and be tied once the 
tube is in place.

• Test the catheter for ease flow of normal saline 
solution into the jejunum, and observe the 
resulting flow into the bowel with the 
laparoscope.

• Drip feeding is started 2–3 days after surgery 
at a slow rate and is gradually increased as tol-
erated by the patient.

• We prefer this technique over others because 
of its simplicity, versatility, and safety. 
However, since none has clearly shown supe-

Fig. 27.3 The jejunum is elevated to touch the left upper 
quadrant abdominal wall

Fig. 27.4 The first suture is placed through the abdomi-
nal wall and jejunum

Fig. 27.5 The tube is passed into the jejunum

Fig. 27.6 The second suture is placed through the 
abdominal wall and the jejunum
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riority, it remains a personal decision which 
one to use, and a pediatric surgeon should 
continue using the techniques which he is 
most comfortable with and according to the 
available resources.

27.5  Complications

The complications associated with jejunostomy 
include mechanical (tube occlusion, small bowel 
obstruction, volvulus, and leakage), infectious 
(perijejunostomy site infection, granulation tis-
sue formation, and cutaneous or intra-abdomi-
nal abscesses), gastrointestinal (diarrhea, colic, 
nausea, vomiting, intestinal ischemia, and jeju-
nal hematoma), and metabolic (hyperglycemia, 
hypokalemia, water and electrolyte imbalance, 
hypophosphatemia, and hypomagnesemia) 
complications.

27.6  Conclusion

Laparoscopic jejunostomy is a feasible and safe 
procedure that can be performed in patients who 
require alternative enteral feeding. It can be 
easily performed with basic laparoscopic skills 
regarding the surgeon’s experience and with the 
use of standard laparoscopic equipment avail-
able in most hospitals. Like every other lapa-
roscopic operation, it has its own benefits and 
limitations.

Acknowledgments I would like to offer my special 
thanks to William Guzman Jr., medical and biological 
illustrator, for his contribution to the fulfillment of this 
chapter with the designing of medical images.

References

 1. Keith G.  Laparoscopic versus open procedures 
for long-term enteral access. Supplement to NCP. 
1997;12:S7–8.

 2. Fascetti-Leon F, El Agami F, Gobbi D, et al. Feeding 
Jejunostomy: Is it a safe route in pediatric patients? 
Single institution experience. Eur J Pediatr Surg. 
2018;28(03):293–6.

 3. Egnell C, Eksborg S, Grahnquist L, et al. Jejunostomy 
enteral feeding in children: outcome and safety. JPEN 
J Parenter Enteral Nutr. 2014;38:631–6.

 4. Busch W.  Beitragzur physiology der verdauungsor-
gane. Virchow Arch Path Anat. 1858;14:140.

 5. Georgeson KE.  Laparoscopic Jejunostomy. In: Bax 
NMA, et al., editors. Endoscopic Surgery in Children. 
1st ed. Berlin: Springer; 1999. p. 203–6.

 6. Lightdale JR, Gremse DA. Gastroesophageal reflux: 
management guidance for the pediatrician. Pediatrics. 
2013;131:e1684–95.

 7. Surmay M.  De l’enterostomie. Bull General Ther. 
1878;94:445.

 8. O’Regan PJ, Scarrow GD. Laparoscopic jejunostomy. 
Endoscopy. 1990;22(1):39–40.

 9. Tapia J, Murguia R, Garcia G, et  al. Jejunostomy: 
techniques, indications, and complications. World J 
Surg. 1999;23(6):596–602.

 10. Neuman HB, Phillips JD.  Laparoscopic Roux-en-Y 
feeding jejunostomy: a new minimally invasive surgi-
cal procedure for permanent feeding access in chil-
dren with gastric dysfunction. J Laparoendosc Adv 
Surg Tech A. 2005;15(1):71–4.

 11. Schlager A, Arps K, Siddharthan R, et al. The “omega” 
jejunostomy tube: a preferred alternative for postpylo-
ric feeding access. J Pediatr Surg. 2016;51:260–3.

 12. Ye P, Zeng L, Sun F, et al. A new modified technique of 
laparoscopic needle catheter jejunostomy: a 2-year fol-
low-up study. Ther Clin Risk Manag. 2016;12:103–8.

 13. Virnig DJ, Frech EJ, Delegge MH, et al. Direct percu-
taneous endoscopic jejunostomy: a case series in pedi-
atric patients. Gastrointest Endosc. 2008;67:984–7.

 14. Esposito C, Settimi A, Centonze A, et al. Laparoscopic 
assisted jejunostomy. Surg Endosc. 2005;19:501–5.

 15. Georgeson KE.  Laparoscopic jejunostomy. In: 
Holcomb GW, Georgeson K, Rothenberg S, editors. 
Atlas of pediatric laparoscopy and thoracoscopy. 
London: Saunders/Elsevier; 2008. p. 61–4.

27 Laparoscopic Jejunostomy



211© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_28

Minimally Invasive Management 
of Duodenal and Jejunal Atresia

J. A. Sobrino and S. D. St. Peter

28.1  Introduction

Duodenal atresia occurs due to a failure of the 
lumen to recanalize during the 11th week of ges-
tation. Over half of patients have an associated 
congenital anomaly with congenital heart dis-
ease, trisomy 21, malrotation, annular pancreas, 
and tracheoesophageal fistula among the most 
common. The classic presentation is a newborn 
with early bilious emesis. This finding is depen-
dent on a post-ampullary obstruction, and a small 
percentage of cases may present with non-bil-
ious emesis due to a pre-ampullary lesion [1]. 
Prenatal ultrasound often suggests obstruction 
due to dilated proximal small bowel and polyhy-
dramnios. After birth, the classic imaging finding 
is the “double bubble” of stomach and duodenal 
bulb with an absence of distal gas; however, the 
presence of distal gas does not exclude atresia 
[2]. Gray and Skandalakis classified the types of 
duodenal atresia in 1972. Type I defects are the 
most common and contain a thin membranous 
separation between the two portions of bowel. In 
type II, an atretic, fibrous cord connects the two 
halves, and in type III the segments are entirely 
separated, and there is an adjacent mesenteric 
defect [3].

Jejunal atresia is a separate entity and is 
thought to occur due to a late intrauterine vascular 
event that compromises the development of one 
or more sections of the midgut. Prenatal diagno-
sis is less common, though proximal lesions may 
present similar to duodenal atresia. Presentation 
may vary slightly based on location. Bilious eme-
sis is a hallmark. Abdominal distension may not 
be present in proximal lesions due to the inability 
to sequester fluid throughout the intestines, but it 
is common in distal atresias. As such, distal atre-
sias tend to present later as the child may toler-
ate the first few feedings. Associated congenital 
anomalies are far less common than in duodenal 
atresia, though defects related to the midgut are 
more common and severe. These include mesen-
teric defects with potential for internal hernias, 
volvulus, and multiple lesions accounting for 
significant bowel length. Supine and decubitus 
radiographs are generally adequate to confirm 
diagnosis and often display classic obstructive 
findings. The most commonly used classification 
system for distal intestinal atresias is the 1979 
Grosfeld modification of the system originally 
described by Louw and Barnard (Fig.28.1) [4, 
5]. Type I is a mucosal web or atresia with an 
intact bowel wall and mesentery. Type II is atretic 
bowel segments connected by a fibrous cord. 
Type IIIa is atretic bowel segments with a corre-
sponding mesenteric defect, and IIIb is described 
as the apple peel atresia or Christmas tree defect. 
Type IV refers to multiple atretic defects.
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We describe in this chapter the minimally inva-
sive approaches to duodenal and jejunal atresia.

Laparoscopic repairs have been shown to be 
at least as safe and efficacious as open repair 
[6, 7]. Some series demonstrate shorter hospital 
stays, time to initial feeding, and time to goal oral 
intake with the laparoscopic approach [8].

28.2  Preoperative Preparation

Neither of these conditions alone are surgical 
emergencies such that preoperative resuscitation 
and foregut decompression are the first objectives. 
Associated volvulus or internal hernias with stran-
gulation are the only emergent indications for oper-
ation which can occur with more distal atresias.

With suspected duodenal atresia without 
clear radiographic evidence, we perform a lim-
ited upper gastrointestinal study by instilling just 
enough contrast volume to evaluate for malrota-
tion and volvulus and evacuating any residual 

contrast. An echocardiogram should be obtained 
preoperatively in all cases, with additional 
workup electively and as clinically indicated.

Conversely, these measures may be selectively 
pursued as clinically indicated in jejunal atresia 
given the low incidence of associate anomalies. 
Unlike duodenal atresia, a water-soluble contrast 
enema is useful first to demonstrate microcolon 
from a small bowel obstruction, second to evalu-
ate for concurrent distal atresia, and finally to 
evaluate associated Hirschsprung’s disease or 
meconium ileus/plug. It is important to council 
families preoperatively that up to 15% of these 
cases may result in short bowel syndrome [9].

28.3  Positioning

The patient is positioned supine on the oper-
ating table with the arms tucked at their 
sides. Monitors for the surgeon and assistant 
are placed at the head of the bed. We usually 

a

c

e f

d

b

Stenosis Type I

Type II Type III (a)

Type III (b) Type IV

Fig. 28.1 Grosfeld 
classification system of 
jejunal atresias [14]
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accomplish this by turning the baby perpen-
dicular to the table at the head of the bed and 
placing monitors opposite the surgeons. This 
requires passing the cords off the table over the 
opposite side of the baby from the head of the 
bed to avoid having the cords over the endotra-
cheal tubing.

28.4  Instrumentation

A 5  mm trocar is used for the camera, and a 
30°, 5 mm laparoscope is used for most cases 
with only 3  mm instruments. These can be 
place directly through the abdominal wall 
without ports using #11 blade to make the stab 
incisions.

28.5  Technique

The operation of choice for duodenal stenosis is 
a duodenoduodenostomy. Port placement may 
vary, and two options are shown in Fig.  28.2. 
In the upper abdomen, either a port or a trans-
abdominal stitch through the falciform ligament 
can be used for liver retraction and exposure. The 
duodenum is mobilized sufficiently to identify 
the obstructing lesion and to create a tension-free 
anastomosis. A transverse enterotomy is made in 
the anterior wall of the dilated, proximal duode-
num, and a longitudinal enterotomy is made on 
the antimesenteric border of the duodenum distal 
to the lesion (Fig. 28.3). Stay sutures placed at the 

corners can better align the bowel, and the back 
wall is sutured before the front in a single layer to 
create a diamond-shaped anastomosis, as seen in 
Fig. 28.4 [10]. Suture choice and interrupted vs. 

Fig. 28.2 Classic “double bubble” seen in duodenal atre-
sia [14]

a b
Fig. 28.3 Orientation for 
duodenoduodenostomy 
[14]
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continuous technique do not seem to impact com-
plication rates [7]. A tapering duodenoplasty is 
useful to accommodate a dramatic size mismatch.

Jejunal atresia is approached similarly, begin-
ning with a broad survey of the abdomen con-
tents. Any associated volvulus or internal hernia 
is reduced and bowel viability is assessed. The 
lesion is found by identifying the transition 

point between dilated proximal and normal or 
small- caliber distal bowels, and any adhesions 
are lysed to mobilize this segment (Fig.  28.5). 
Laparoscopy is often limited by intestinal disten-
sion in a small abdomen, and eviscerating via the 
umbilical incision, with or without an extension 
of the incision, is a useful adjunct. We frequently 
approach these by separating the cord vessels 

a b

Fig. 28.4 Options for laparoscopic port placement [14]

a

b

Fig. 28.5 Radiographic and intraoperative findings of jejunal atresia [14]
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individually and eviscerating the bowel for an 
extracorporeal operation, which can be done 
without a cosmetic defect and avoiding the lapa-
rotomy. The overall goals are to maintain bowel 
length and establish continuity for enteral feed-
ing. Size mismatch is routinely encountered and 
can be addressed by techniques such as tapering, 
elliptical anastomosis, or antimesenteric cutback 
anastomosis. Elliptical anastomoses are end-to-
end reconstructions and are created by either cut-
ting the distal bowel at an angle resecting more 
off the antimesenteric side or by cutting a slit in 
the antimesenteric border. Tapering is achieved 
by making an enterotomy in the distal end of the 
proximal dilated bowel and resecting antimesen-
teric bowel retrograde until more normal-caliber 
bowel. A 20–24 F rubber catheter can be placed 
in the lumen of the bowel to prevent narrow-
ing. Grossly dilated small bowel is at high risk 
for dysfunctional motility and may need to be 
resected to prevent pseudo-obstruction and bac-
terial overgrowth. Type IIIb lesions place the 
patient at high risk for short bowel syndrome and 
have unique considerations. In these situations, 
absorptive surface area must be maximized, and 
therefore dilated, dysfunctional segments are tol-
erated. They may then be used in a taper or serial 
transverse enteroplasty.

28.6  Postoperative Care

In both conditions activity and bathing are not 
restricted after surgery. Acetaminophen is the 
primary analgesic with narcotics used for break-
through pain.

In duodenal atresia, patients are kept NPO and 
on TPN, which is often initiated preoperatively, 
for 5 days. An orogastric tube is left in place to 
suction and may be transitioned to dependent 
drainage. On day 5, we perform an upper gastro-
intestinal contrast study. If no leak is identified 
and contrast empties beyond the anastomosis, 
the gastric tube is removed, and feeds are ini-
tiated. One series has suggested that a trans-
anastomotic feeding tube can expedite time to 
initiation of feeds and time to goal feeds [11]. 
Traditional teaching suggested more proximal 

lesions resulted in longer time to return of bowel 
function. This was because it took weeks for the 
nasogastric tube to diminish the amount of bil-
ious output. Early contrast may empty from the 
stomach, even with frank bilious output from 
teh gastric tube. This taught us that bilious out-
put continues for so long with proximal lesions 
because of an incompetent pylorus allowing for 
suction of the duodenum, not because of inad-
equate bowel function.

Jejunal atresias follow standard postoperative 
advancement pathways based on return of bowel 
function, and these patients will likewise remain 
on TPN until then. High nasogastric output may 
require replacement.

28.7  Results

The average length of surgery is approximately 
90–120 min. Complications include anastomotic 
leak, anastomotic stricture, missed obstruction, 
delayed gastric emptying, short bowel syndrome, 
dysfunctional bowel motility, and bacterial over-
growth. Operative mortality is low at ≤4% [1].

Surgical follow-up is not required in straight-
forward cases with patients on goal enteral feeds, 
particularly with duodenal atresia. Complicated 
cases and short bowel syndrome require special-
ized, multidisciplinary follow-up with the poten-
tial for surgical revision.

28.8  Tips and Tricks

• Be aware of the windsock deformity of a duo-
denal web or a diaphragm. If unrecognized an 
anastomosis may be created distal to the 
obstruction. Passage of a catheter proximally 
and distally can help exclude luminal 
obstruction.

• Identify the head of the pancreas and look for 
pancreatic tissue near the transition point, as a 
partial annulus can still the source of 
obstruction.

• In the case of premature infants, it is still 
worth mobilizing the duodenum completely 
and performing the anastomosis transumbili-
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cally; this is also true when a tapering entero-
plasty is used. We have done this for patients 
as small as 1 kg.

• Awaiting transition of orogastric tube output 
from bilious to clear and expecting tradition-
ally normal volumes of output will delay 
progress after duodenoduodenoplasty. Patients 
will tolerate feeds well before this time.

• If a contrast enema is not obtained prior to 
operation for a distal small bowel atresia, 
ensure patency of the distal bowel by instilling 
saline antegrade through an enterotomy at the 
site of resection.

• Calcifications may be seen on radiographs and 
are concerning for in utero perforation, while 
displacement of the bowel loops by a gasless 
mass may indicate a meconium pseudocyst.

28.9  Discussion

Duodenal and jejunal atresias are intrinsic 
congenital intestinal obstructions and must be 
differentiated from both other intrinsic causes 
such as web or stenosis and extrinsic causes 
such as an annular pancreas. They are clinically 
distinct entities with different etiologies, asso-
ciated congenital anomalies, and management 
strategies.

The presentation and management of duo-
denal atresia are generally more straightfor-
ward than jejunal atresias, and it is usually the 
associated disorders that require more involved 
evaluation. The operation is readily achieved 
laparoscopically, though a hybrid approach of 
laparoscopic mobilization with extracorporeal 
suture is a viable alternative. A criticism of the 
laparoscopic technique has been the inability 
to adequately evaluate for a concurrent dis-
tal atresia; however the rate of simultaneous 
lesions is less than 1% [12]. Thus, full inspec-
tion beyond what is capable laparoscopically is 
not necessary. Outcomes for duodenal atresia 
have been studied up to 30  years out, with a 
9% revision rate. The late mortality rate was 
6%, and the vast majority are due to comorbid 
conditions [13].

The complexity of jejunal atresias is in the 
operative decisionmaking, and the same princi-
ples may be applied to ileal atresia. The multitude 
of techniques can be used to achieve the primary 
goals of preserving bowel length and establish-
ing enteral continuity for feeds. If both of these 
conditions are met, then minimizing the impact 
of dilated, dysfunctional bowel via tapering or 
resection can be entertained.
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Minimally Invasive Surgery 
for Malrotation of the Intestine 
and Midgut Volvulus

Paul Philippe and Cindy Gomes Ferreira

29.1  Introduction

Malrotation is defined by an abnormal position 
and fixation of the bowel within the abdominal 
cavity.

In the early stage of embryologic develop-
ment, the growing midgut (from the position of 
the hepatic bud to the area of the middle colic 
artery on the future transverse colon) elongates 
through the body stalk, outside of the abdominal 
cavity. Between week 7 and 10, the bowel rein-
tegrates the abdominal cavity thanks to a precise 
folding: first to the right and then counterclock-
wise around the axis of the superior mesenteric 
artery. This results in the known retroperitoneal 
position of the second, third, and fourth portion 
of the duodenum and the fixation of the duodeno-
jejunal junction at the Treitz angle, to the left of 
the vertebral colon. The future small bowel is the 
first to reintegrate the abdominal cavity. When 
the cecum and colon complete the reintegration 
at 10  weeks, it rotates to the right lower quad-
rant, where it contracts adhesions with the retro-
peritoneum. The ascending colon thus becomes 
“retroperitoneal,” as its mesentery fuses with the 
posterior planes.

Whenever this process is incomplete or 
improper, various types or degrees of malrotation 
occur [1, 2].

They range from “incomplete” rotation to 
“non-rotation” with several variants. If the “non- 
rotation” state is usually asymptomatic, incom-
plete rotation with a narrow base of the mesentery 
to the midgut and tight attachment of the right 
colon to the right lateral retroperitoneum in front 
of the duodenum (Ladd’s bands) can lead to 
severe and life-threatening complications.

Some abnormal rotation is present in abdomi-
nal wall congenital anomalies (congenital dia-
phragmatic hernia, omphalocele, gastroschisis) 
and can be associated with various other anoma-
lies or syndromes. Congenital duodenal anomalies 
(atresia or intrinsic stenosis by a web) can coexist 
with malrotation and should not be overlooked.

The most dreaded complication of the abnor-
mal fixation of the bowel is midgut volvulus, 
where the entire midgut loop, from the duodenum 
to the ascending colon, twists around the axis of 
the superior mesenteric artery, just below Ladd’s 
bands. If not relieved urgently, this situation can 
lead to vascular compromise and necrosis of the 
entire small bowel with, if the patient survives, a 
major short bowel syndrome.

Intermittent or chronic (nonischemic) volvu-
lus causes chronic or recurrent abdominal pain, 
with or without bilious emesis. Occasionally, 
duodenal compression by the bands can be 
symptomatic.
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The work-up usually starts with a sonogra-
phy, during which the respective position of the 
superior mesenteric artery and vein is evaluated: 
it is reversed in malrotation. The passage of the 
duodenum under the vascular axis and to the left 
of the vertebral column can sometimes be docu-
mented. A “corkscrew sign” can be seen in vol-
vulus and is diagnostic.

Nonetheless, the echographic study can be 
impossible when air distention of the stomach 
or bowel is present and false-negative (as well as 
false-positive) results have been documented.

In adults, CT scan (or MRI) has been used to 
the same effect.

The gold standard remains the radiologic con-
trast upper GI study, which will demonstrate the 
duodenal shape and more precisely the position 
of Treitz angle.

Despite a high level of sensitivity, those tests 
are sometimes equivocal, and this could be an 
indication for diagnostic laparoscopy.

Ladd has outlined the principles of operative 
treatment of malrotation as early as 1938.

If present, a midgut volvulus should be 
untwisted counterclockwise. Then, all the pre-
duodenal peritoneal attachments of the ascending 
colon (Ladd’s bands) should be divided and the 
duodenum mobilized in order to bring the duo-
denojejunal junction to the right upper quadrant 
and to place the jejunum to the right side. The 
basis of the mesentery is widened by dividing 
all the peritoneal tissues between the duodenum 
and the colon until the superior mesenteric vein 
is exposed. This allows the placement of the 
“right” colon to the left and the ileocecal junction 
lying in the left lower quadrant. This maneuver 
creates a wider base of the mesentery, believed 
to be essential to minimize the risk of volvulus 
recurrence.

The intestines are thus placed in a non-rotated 
state, which carries no further risks of compli-
cations. An appendectomy can be added, as the 
appendix will lie in an unusual position.

This procedure is performed through a trans-
verse or midline laparotomy and carries signifi-
cant morbidity. Delayed return of bowel function 
and ability to feed are common. Late adhesive 
bowel obstruction is frequent (up to 15%). Thus, 

it was natural to seek an alternative, less inva-
sive, and morbid approach. Laparoscopy aims 
at decreasing those sequelae but has to prove an 
equal efficiency on the correction of malrotation 
and recurrence of volvulus. Besides potential 
longer operating times and the potential meta-
bolic implications of laparoscopy in infants, the 
expected advantage not to create adhesions and 
reduce the risk of late bowel obstruction could be 
a disadvantage, as those adhesion probably play 
a role in preventing recurrence of the volvulus.

29.2  Indication for Laparoscopy

With the progresses of neonatal minimally inva-
sive surgery, age and weight are not limiting fac-
tors anymore.

Most infants come to surgery because of vol-
vulus: a laparoscopy should be offered only to 
those that are fully resuscitated and stable. It is 
our belief that obvious signs of shock are associ-
ated with (impending) necrosis and an immediate 
laparotomy should be offered. Nonetheless, we 
had one such case where the bowel was healthy 
and in whom, on retrospect, a laparoscopy could 
have been performed.

Almost all infants are operated urgently, and 
a laparoscopy should be offered only if an entire 
team dedicated to neonatal minimally invasive 
surgery is available.

Uncomplicated malrotation is usually oper-
ated electively, based on symptoms. If a malrota-
tion has been discovered incidentally, prevention 
of potential complications, including volvulus, is 
considered.

In other instances, the work-up is inconclu-
sive, either to the presence of malrotation or to 
the risk of complications in an individual patient. 
In those cases, diagnostic laparoscopy is clearly 
indicated.

29.3  Preoperative Preparation

In elective cases, emptying the colon with an 
enema the night before could help provide more 
working space.
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In emergency, such as volvulus, hemody-
namic stabilization with intravenous fluids 
should be quickly performed before induction of 
anesthesia.

In infants, routine perioperative antibiotics are 
given, but not in elective, older patient cases.

29.4  Surgical Technique

29.4.1  Positioning

Under general endotracheal anesthesia with full 
relaxation and a nasogastric tube in place, the 
patient is positioned supine on the operating 
table. In infants, the patient is placed near the 
end of the table or obliquely, so the surgeon can 
stand at his feet. In older children, the frog or the 
“French” positions are used, so the surgeon can 
stand at the feet or between the legs of the patient.

We place a small roll under the back at the 
thoracolumbar junction to open up the epigastric 
space.

The monitor is placed above the head or right 
shoulder of the patient.

An anti-Trendelenburg (feet down) position is 
used, with tilting of the table to the side as neces-
sary to help displace the bowel opposite to the 
working area.

Draping is wide as accessory trocars or sus-
pension sutures, as well as conversion, could be 
necessary (Fig. 29.1).

29.4.2  Instrumentation

No specific instruments are required. A basic 
laparoscopy set with dissecting and grasping 
forceps, scissors, dissecting hook, and suction 
device is all that is mandatory. Three or 3.5 mm 
instruments are used in infants and 5 mm in the 
older child for ease of bowel grasping. Trocars 
are chosen according to the selected size of the 
instruments.

We usually use one or two fenestrated grasp-
ing forceps or Maryland dissectors, a hook with 
low-energy monopolar current, and curved scis-
sors. Alternatively, one can use bipolar rotating 
instruments, such as RoBi® (Storz™), available 
in 3.5 mm.

Anesthesiologist

Assistant Surgeon
Scrub nurse

5’

15”

5

2 1

3

4

b
a

Fig. 29.1 Operating room setup: operating surgeon at the 
feet (or between the legs) of the patient, monitor above the 
head or right shoulder of the patient. Trocars position: (1) 
Umbilicus, 5 mm/30° telescope (option: 3.5 mm). (2 and 
3) 3.5 mm instrumentation ports (option: 5 mm), adjusted 

to the length of the child. (4) Liver retraction: we currently 
use transparietal suspension of the falciform ligament. (5 
and 5′) optional instrument ports for retraction, if 
necessary
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We use a 5 mm, 30-degree telescope, placed 
through an umbilical port. A 3 mm can be used 
in small infants, with the advantage of being less 
space occupying, at the inconvenient of a lesser 
illumination and depth of visual field. Some of 
the perioperative illustrations in this chapter have 
been taken with such a telescope. Moreover, 
through the umbilical 5 or 7 mm port, one can 
introduce a small sponge (we use 1 × 1 cm neuro-
surgical patties or cottonoids, carefully counted 
not to leave any in the abdomen) that will be 
helpful during the dissection of the base of the 
mesentery.

29.5  Surgical Technique

Access to the peritoneal cavity is obtained 
through a small umbilical incision and an open 
technique in infants and small children. In older 
children, we use a Veress needle.

The carbopneumoperitoneum is established 
to a pressure as low as necessary to provide ade-
quate visualization: 4–6 mmHg is often sufficient 
in infants, but a pressure of 12–14 can be neces-
sary in the occasional teenager.

The main target organ will be the duodenum 
and the base of the mesentery, located in the 
medial right upper quadrant. Accordingly, two 
instrumentation ports are positioned, one at the 
lateral border of the right rectus muscle, below 
the umbilical line. In infants, we use 3.5  mm 
ports. These ports are sufficient for most older 
patients too but can be switched to 5 mm if nec-
essary. Fixation of the trocars to the abdominal 
wall is very useful.

To retract the liver upward and provide easier 
access and better illumination, a third port for a 
retractor can be placed laterally in the right flank. 
Alternatively, we are currently using suspen-
sion sutures to fix the hepatic falciform ligament 
through or to the abdominal wall in the epigas-
trium, using either transparietal sutures or sutur-
ing it using self-locking sutures such as V-Lock® 
(Fig. 29.2).

An additional port can also be necessary, 
should an extra instrument become necessary to 
assist in bowel mobilization or exposure.

No specific instruments are required. We usu-
ally use one or two fenestrated grasping forceps or 
Maryland dissectors, a hook with low-energy mono-
polar current, and curved scissors. Alternatively, 
one can use bipolar rotating instruments, such as 
RoBi® (Storz™), available in 3.5 mm.

29.5.1  Strategy

The operative steps vary according to the indica-
tion for surgery.

In suspected or uncomplicated malrotation, 
the first step is diagnostic.

It is important to remember that there is a 
spectrum of anatomy between the textbook anat-
omy and the non-rotated state. It is thus essential 
to recognize an anomaly and its pathological sig-
nificance (Figs. 29.3 and 29.4).

In the unexpected presence of a volvulus, only 
small bowel will be visible at first, as the colon is 
twisted under the root of the mesentery and thus 
behind the ileum. In this circumstance, it is not 
always easy to identify the twist by following the 
anterior aspect of the pylorus and duodenum and 
gently retracting downward the whole bowel “en 
masse.”

We start by identifying the location of the 
cecum and the ileocecal junction, as well as its 
mobility. We then control the attachments of 

Fig. 29.2 Transparietal liver suspension is achieved with 
a 0 or 2.0 suture
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the ascending colon to the lateral abdominal 
wall (Toldt’s fascia) and their relation to the 
duodenum.

We identify the Treitz ligament, by pulling up 
the transverse colon and inspecting its base: the 
duodenojejunal junction should be coming from 
under the mesocolon, to the left of the vertebral 
colon and to the left of the middle colic artery, 
confirming that the third duodenum does cross 
under the superior mesenteric artery.

When the diagnosis of malrotation is made, 
we proceed respecting the principles described 
by Ladd.

When a midgut volvulus has been confirmed 
preoperatively by sonography or radiologic stud-
ies, in a stable infant or child, the first step is to 
check for obvious necrosis, which we consider 
an indication for conversion to laparotomy. If the 
bowel is ischemic but not necrotic, and exper-
tise with this approach is sufficient, an attempt 
at laparoscopic correction is safe but should be 

abandoned if no progresses are made in a reason-
able time.

Undoing the volvulus in open surgery is 
straightforward, with two hands grasping the 
entire bowel mass and turning counterclockwise.

This is difficult if not impossible in 
laparoscopy.

As described by Bax and van der Zee [2], we 
have adopted a strategy that calls for the division 
of all Ladd’s band first, followed by progressive 
detorsion of the bowel by simply pulling the jeju-
num to the right upper quadrant and progressively 
running it until the cecum is reached, which signs 
the completeness of the reduction of the volvulus 
(Fig. 29.5).

Fig. 29.3 Malrotation. (a) *Appendix and **Caecum 
below *Transverse colon. (b) *Ladd’s bands from the 
**Ascending colon to the right, in front of ***Duodenum

a

b

Fig. 29.4 Volvulus. (a) View of a Volvulus by pushing 
the small bowel mass downward. (b) *Ladd’s bands, 
exposed before any attempt at undoing the Volvulus, by 
pulling the **Duodenum to the right

a

b
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Thus, we start by identifying the pylorus 
under the liver. With tension on the duodenum or 
“hepatic flexure” of the colon, every peritoneal 
band in front of the anterior wall of the duodenum 
is divided using the hook as a dissector or curved 
scissors and only minimal amounts of monopolar 
energy always keeping the whole length of the 
metallic part of the instrument in view. Often, 
to achieve a complete dissection, tension will be 
placed alternatively to the left by pulling on the 
colon and to the right on the duodenum. The dis-
tal part of the duodenum has to be free in order 
for the jejunum to become loose and to be pulled 
up from left to right, undoing the volvulus in an 
anticlockwise fashion.

We recommend to slowly run the bowel with 
two graspers or gently handled forceps, pay-
ing attention that the instruments remain in the 
field of view and do not drop the bowel. If this 
 happens, it is usually easier and safer to start all 
over again from the duodenum or the cecum, 
identifiable anatomical landmarks.

If this maneuver does not begin quite easily, 
residual bands are often found and have to be 
divided.

We usually run the bowel at least twice to con-
firm that no residual volvulus is present.

We then proceed with the widening of the 
base of the mesentery, freeing all the attachment 
between the mesentery (vascular plane) of the 
duodenum and the mesentery of the colon. Often, 
the superior mesenteric vein will be the poste-
rior structure in this separation and should not be 
injured. At the end of this maneuver, the duode-
num should run straight to the right subhepatic 
region with the jejunum, and the ascending colon 
should be placed on the left side, with the cecum 
in the left lower quadrant (Fig. 29.6).

An appendectomy is optional. We usually 
do it by dividing the mesoappendix with the 
hook and ligating the base of the appendix 
intracorporeally.

The pneumoperitoneum is carefully evacuated. 
The umbilical fascia is closed if a 5 mm or greater 

Fig. 29.5 Division of Ladd’s bands and undoing of the Volvulus. (a, b and c) Division of Ladd’s bands: * Duodenum; 
** Colon. (d, e and f) Different stages of devolvulus; **Caecum and *** Terminal ileum freed

a b c

d e f
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port has been used. On 3.5 mm trocar sites, we 
approximate the skin only with Steri-Strips.

29.6  Postoperative Care

Standard post-abdominal surgery care is initi-
ated. When the procedure has been completed 
laparoscopically, we start enteral feedings as 
soon as the child asks for it. In newborns, trophic 
feeds are initiated on post-op day 1 and advanced 
as tolerated.

Pain control is obtained with a perioperative 
performed ultrasound-guided periumbilical or TAP 
block. WHO step 1 analgesics (paracetamol, non-
steroidal anti-inflammatory drugs) are most often 
sufficient and can be discontinued after 1–3 days.

If no bowel injuries or compromise has been 
noticed, the antibiotics are discontinued at the 
end of surgery.

The patient is discharged when tolerating full 
feeds.

29.7  Results

Together with the groups of Strasbourg, 
Lausanne, and Montpellier, we published our 
results in neonates with acute midgut volvulus 
[3]. We compared 20 neonates (2–36 days) oper-
ated by laparoscopy to 20 matched historical con-
trols. The average operative time was longer in 
the laparoscopy group (80 vs. 61 min.). Time to 
full-feed was shorter in the laparoscopy group: 
4.7–6.7  days. Six (30%) laparoscopy patients 
vs. four (20%) needed reoperation for obstruc-
tive symptoms. In the laparoscopy group, it was 
always redone by the same technique. No case 
of recurrent volvulus was identified though two 
underwent further divisions of Ladd’s band, and 

Fig. 29.6 (a, b, c) Steps of broadening of mesentery. ** Duodenum; ** Mesocolon;*** Superior mesenteric vein; (d) 
Final aspect; colon in the left flank

a b

c d
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in at least two cases, the reoperation could have 
been avoided.

In addition to the cases included in this series, 
we have treated five further cases of infantile 
midgut volvulus, three late-presenting volvulus 
(6, 11, and 14 years old), among which the two 
older children had been under psychiatric care for 
7 and 4 years, and nine radiologically suspected 
or incidentally discovered malrotation.

In our own case series in neonates, only 
the very first attempt at derotation of a volvu-
lus needed conversion, before we adopted the 
described technique of “bands first.” With this 
technique, nine consecutive infants with infantile 
volvulus have been successfully corrected. One 
(1/10) of them required redo laparoscopy for a 
suspected recurrence: we discovered an adhesive 
obstruction (entrapment of a loop under a band). 
One had been operated elsewhere by midline lap-
arotomy at day of life 2 and found to have “seg-
mental jejunal volvulus.” At age 4  months, we 
confirmed a recurrent volvulus, and laparoscopy 
found a typical malrotation that was corrected as 
described.

We had no complications in older patients 
and elective cases. The two children under psy-
chiatric care could discontinue this therapy after 
several months, to what could amount to a post-
traumatic stress disorder caused by chronic and 
recurrent volvulus and chronic pain.

We have seen no recurrent symptoms in those 
children.

29.8  Discussion

The first attempt at laparoscopic correction of 
malrotation with volvulus was described in 1995 
by Bax and van der Zee [4]. Thereafter, the diag-
nostic capability of laparoscopy was suggested 
by Gross et al. [5]. Since then, many case reports, 
series, and meta-analysis have been published.

The role of laparoscopy in the diagnosis and 
treatment of asymptomatic malrotation was 
assessed by the American Pediatric Surgical 
Association Outcomes and Evidence-Based 
Practice Committee [6]. It was found to be safe 
and accurate to determine if the patient has a high 

risk narrow mesenteric stalk, a non-rotation with a 
broad base at minimal risk for volvulus or an atyp-
ical anatomy with malposition of the duodenum. 
The Commitee found minimal evidence to support 
the use of laparoscopy in cases of midgut volvulus.

From a national database, Huntington et  al. 
[7] identified 311 patients undergoing elective 
Ladd’s operation. Fifty-eight had a laparoscopic 
procedure and 253 a laparotomy, including 22 
converted from laparoscopy (27.5%). Urgent 
cases were excluded, as many surgeons would 
not consider laparoscopy in those circumstances. 
Though patient selection was probably biased, the 
more severely ill patients having more often open 
surgery, operative times were similar, and length 
of stay was shorter in the laparoscopy group. 
Nonsignificant advantages for laparoscopy were 
postoperative complications (p = 0.08) and blood 
transfusion (p = 0.11). The authors conclude that 
their study demonstrate the short- term safety and 
potential benefits of laparoscopy.

Though this study did not analyze the causes 
for conversions or recurrence after laparoscopic 
treatment, several others have.

Kinlin et al. [8] surveyed the attendees to the 
Canadian Association of Pediatric Surgeons. In 
the mind of the participants, incomplete proce-
dure and lack of adhesions were the most likely 
causes of recurrences.

In 2010, Hagendoorn et al. [9] reported on 45 
laparoscopy for suspected malrotation, in which 
the diagnosis was confirmed in 37. Only five pre-
sented with volvulus and four were corrected. Of 
the 37 malrotation cases, 9 required conversion, 
and 7 had to be operated for recurrent volvulus 
or malrotation. Most commonly, further Ladd’s 
band had to be divided.

We found loss of orientation, mostly when try-
ing to undo the volvulus by “en masse” mobiliza-
tion of the bowel, to be the most common cause 
for conversion [3].

More recently, Reddy et al. [10] reviewed 41 
cases: 6 were converted for loss of orientation 
or failure to progress. Nine required open reop-
eration, including five for incomplete correction, 
three for kinking of the duodenojejunal junction, 
and one for an unrecognized intrinsic duodenal 
stenosis.
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Ooms et  al. [11] reviewed all malrotations 
operated at their institution in a 7-year period 
and identified 50 laparotomy and 33 laparos-
copy cases. Though one laparoscopy child was 
reoperated at 24  h for recurrent volvulus, nine 
laparotomy patients were reoperated for delayed 
adhesive bowel obstruction. In their hand, opera-
tive time was shorter in the laparoscopy group.

Thus, incomplete correction seems to be the 
leading cause for reoperation.

Reduction of the volvulus remains a techni-
cal challenge and the most common cause for 
conversion. Moving the entire mass of the bowel 
with two chopsticks is very difficult: orienta-
tion is lost; all the loops of bowel moving in 
front of the camera prevent correct viewing and 
orientation.

In 2017, Kisku [12] suggested an “orbit tech-
nique” in which he places a forceps on top of the 
bowel, introduced in the right lower quadrant and 
directed to the root of the mesentery. The bowel 
is then flipped from left to right over the axis 
represented by the forceps. He was successful in 
three older patients.

We believe that tight Ladd’s bands are pre-
venting the running of the bowel and that once 
completely divided, untwisting as described in 
the technique section is fairly straightforward.

Catania et al. [13] conducted a meta-analysis 
of studies comparing open versus laparoscopic 
Ladd’s procedure in children. They identified 
only 9 studies matching their criteria and com-
pared 744 patients with open surgery to 259 with 
laparoscopy. They found no prospective studies. 
They concluded that there is a lack of evidence 
to support either open or laparoscopic Ladd’s 
procedure. In this study, most series approached 
volvulus openly. The conversion rate ranged 
from 25 to 50%, with a trend to be more fre-
quent in the early experience. Laparoscopy was 
indeed associated with a shorter time to full-
feed and a shorter hospital stay, though a bias in 
the selection of patients, the sicker getting open 
surgery, is acknowledged. The complication rate 
is higher in the open surgery patients (35%) than 
in laparoscopy (24%). Adhesive bowel obstruc-
tion was reported in 6 studies and was 22/207 in 
patient operated by laparotomy and 0/96  in 

those operated by laparoscopy, not a significant 
(p = 0.07) finding but in line with the expected 
benefits of laparoscopy.

They found that the rate of postoperative 
volvulus was 1.4% in the open group vs. 3.5% 
in the laparoscopy, reaching a significance 
(p = 0.04).

Thus the hypothesis to explain this risk is 
multiple: incomplete Ladd’s band division or 
widening of the mesentery could be related to 
the difficult exposure, the limited experience of 
the surgeons at this stage (learning curve) and 
the development of less intraabdominal scaring 
and adhesions, beneficial in regard of adhesive 
obstruction, could here be detrimental.

Malrotation can be discovered in adults [14] 
incidentally or by its symptoms. A single- incision 
laparoscopy has been reported in an adult patient 
[15] but not yet in children.

29.9  Conclusion

A minimally invasive approach to the diagnosis 
of malrotation has become an accepted surgical 
strategy. Its exact role or limitations in the pres-
ence of established midgut volvulus remain to be 
established. Identifying the best way to reduce 
the volvulus and criteria to define the complete-
ness of the release of Ladd’s band and broaden-
ing of the mesentery is the next challenge. It is 
our belief that the surgical steps described in the 
chapter will help decrease the number of conver-
sion and recurrences. Advanced skills in laparos-
copy in infants and the ability to work in confined 
and limited space and to keep one’s spatial orien-
tation are mandatory to achieve success.
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Laparoscopic Approach 
to Intestinal Duplication

Miguel Guelfand

30.1  Introduction

Congenital intestinal duplications (ID) are rare, 
having an incidence of 2/10,000 live newborns. 
It can occur from the base of the tongue to the 
rectum, but more than 50% of them are localized 
in the small bowel.

These malformations can be asymptomatic or 
present as non-specific symptoms such as recur-
rent abdominal pain, abdominal mass, vomiting, 
or sometimes as a life-threatening complication: 
intestinal hemorrhage, perforation, obstruction, 
and even malignant changes [1–9].

If not diagnosed antenatally, the majority pres-
ent in the first 2 years of life. Up to one third of 
the patients with IDs can have associated anoma-
lies such as spinal defects and lung and cardiac 
malformations [5–8].

The diagnosis can be made by antenatal 
or postnatal ultrasound, magnetic resonance 
imaging (MRI), computed tomography (CT), 
or technetium 99m pertechnetate scintigraphy 
(Tc99m scan). Occasionally it is made as an 
intraoperatively finding. In some cases, upper 
gastrointestinal contrast studies or endoscopy 

may be needed, mainly for gastric and duodenal 
duplications.

Any intestinal duplication should be resected 
after being diagnosed due to their potential for 
complications.

The laparoscopic approach to ID can be consid-
ered as the gold standard. Although there are no large 
series published, minimally invasive surgery pro-
vides the exact localization of the ID, which usually 
achieves complete resection, and provides a smaller 
incision than if a laparotomy was needed [5, 10].

30.2  Preoperative

Intestinal preparation is not needed. We suggest 
a clear liquid diet 24 h with 6 h of fasting prior 
to surgery. Patients receive preoperative intrave-
nous antibiotic prophylaxis with metronidazole 
and amikacin.

30.3  Positioning

The patient is placed in the supine position 
near the bottom of the operating table. Proper 
fixation of the patient is recommended to allow 
mobilization of the operating table with no 
risk for the patient to slide. Ideally, two moni-
tors will be needed for this operation, one on 
each side of the patient. This will allow a more 
ergonomic procedure, especially if the sur-
geon needs to run the intestine to localize the 
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duplication. The  surgeon’s position is at the 
foot of the patient, with the assistant to the left 
of the patient and the scrub nurse on its right 
(Fig. 30.1). This positioning and the two moni-
tors will facilitate running the bowel if needed. 
The camera is placed through the umbilical can-
nula. Depending on the type of duplication and 
operation, the umbilicus could be the only tro-
car site (single incision laparoscopic surgery or 
trans-umbilical assisted resection) or one or two 
additional working ports can be placed on either 
or both sides of the umbilicus in the median 
axillary line, slightly cephalad to the umbilicus 
if needed.

30.4  Instrumentation

For the laparoscopic approach to an ID, includ-
ing anything from a gastric duplication to a 
large bowel duplication, 3 millimeters(mm)–20 
centimeters(cm) or 5  mm–30  cm (or similar) 
instruments will be needed depending on the size 
and weight of the patient. A curved and straight 
grasping forceps, bowel grasper, hook cautery, 
and curved scissors will be needed.

Also a 3–4 mm short or a 5 mm camera with a 
minimum of 30° will be necessary, again depend-
ing on the size of the patient.

It is important to have a CO2 insufflator adjust-
able for neonates and small children as well.

The laparoscopic approach to IDs includes 
complete or partial resection of the duplication 
with or without intestinal resection and anasto-
mosis. This will depend on the type, localization, 
and size. To accomplish this, the use of laparo-
scopic sealers or bipolar (3 or 5 mm), 5–12 mm 
staplers, and 5–10 mm clip appliers may be nec-
essary at some point in the operation in some 
cases.

30.5  Technique

The technique used will depend on the position, 
size, and characteristics of the duplication. Most 
of the IDs are single, cystic, and with a wide-
spread of sizes, although they can present as a 
tubular duplication, with or without communica-
tion with the adjacent bowel. They are typically 
located on the mesenteric side of the bowel, but 
not always.

Monitor Monitor

ASSISTANT SCRUB NURSE
SURGEON

Ports
3-5 mm

Camera
3–5 mm 30°

x

Fig. 30.1 Team position
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Usually the gastric and duodenal duplications 
have a precise pre-surgical diagnosis (Fig. 30.2). 
The exact location of small and large bowel 
duplications can be difficult to pinpoint exactly 
prior to surgery.

First the umbilical port is introduced (Veress 
or Hasson technique). A laparoscopic evaluation 
is done to confirm the diagnosis or to assess the 
bowel to localize the duplication. Depending on 
the findings, the next steps are performed.

If a gastric or duodenal duplication is con-
firmed, usually two working ports will be neces-
sary to complete the resection of the duplication. 
After that, it will be necessary to evaluate the 
anatomy of the duplication and its relation with 
the blood supply and the adjacent bowel. If no 
major vascular supply is involved (major mesen-
teric feeding vessel), a safe and complete resec-
tion/enucleation can usually be performed.

A complete resection is performed by first 
opening the serosa over the duplication to find 
the dissection plane. This is usually done with 
a hook cautery or monopolar scissors. Then the 
duplication is dissected within this plane from 
the adjacent bowel and mesentery with mono-
polar, bipolar, or sealing instruments. Major care 
has to be taken when the dissection takes place 
where a common wall may be identified. In these 
cases it is preferred to sacrifice part of the dupli-
cation wall, but not open the adjacent bowel.

In some cases, after the resection of the dupli-
cation, a seromuscular defect can be left, where 
the duplication shares a common wall with the 

native bowel. It will need to be repaired if possi-
ble with intra-corporeal suturing using an absorb-
able suture. If not possible, and the native mucosa 
is not harmed, the seromuscular defect can be left 
open. Cautery can be used for any bleeding.

If the duplication involves a large segment of 
bowel or is in a dangerous anatomic position such 
that its resection could compromise the adjacent 
bowel or blood supply, a partial resection should 
be considered, leaving part of the duplication 
attached to the segment with the common wall 
but with complete resection (if possible) or coag-
ulation of the mucosa.

For resection of the gastric and duodenal 
duplications, usually two working ports are suf-
ficient. Through one working port, a grasper will 
provide sufficient exposure, and, through the 
other port, a hook monopolar cautery, bipolar, 
or sealer will be helpful in the dissection of the 
duplication. In some cases, if better exposure is 
necessary, a percutaneous instrument or an extra 
port can be inserted.

During the resection, if possible, the duplica-
tion should not be opened. This will allow a better 
dissecting plane for a safer dissection and mini-
mize the chance of entering the adjacent bowel.

For small and large bowel duplications, there 
are different approaches. These will depend on 
their location and size. After the umbilical lapa-
roscope is introduced, and if the duplication is 
located in a mobile segment of the bowel, a com-
plete laparoscopic or video-assisted resection can 
be performed (Figs. 30.3 and 30.4). If possible, 

Fig. 30.2 Laparoscopic vision of a gastric duplication

Fig. 30.3 Laparoscopic aspect of intestinal duplication
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the duplication can be exteriorized by enlarging 
the umbilical incision (omega shape enlarge-
ment), and a complete resection, with or without 
bowel resection, can be performed (Figs.  30.5 
and 30.6).

The large bowel duplications, depending on 
their location, can be resected with exterioriza-
tion or laparoscopically, depending on the size 
and mobility of the bowel segment.

If a bowel resection is needed in order to 
resect the duplication, a single-layer anastomo-
sis is carried out or linear stapler can be used. 
Closing the mesenteric defect should be per-
formed, too.

30.6  Postoperative Care

Patients without involvement of adjacent bowel 
can start feeding 4–6 h after the surgery and are 
discharged the next day.

Usually nonsteroidal analgesia is sufficient 
and is provided for the subsequent 24 h.

Those patients who had seromuscular com-
promise can be kept NPO (nothing by mouth) 
for 12–24 h depending on the extent of the resec-
tion. Patients with bowel resections will need to 
remain NPO for 1–3 days, depending on the level 
of resection. In selective cases, a nasogastric tube 
is indicated to avoid intestinal or gastric disten-
sion. Also they will require intra- and postopera-
tive antibiotics.

30.7  Results

Patients with a duplication in a mobile seg-
ment of the bowel (jejunum, ileum, or ileocecal 
region) usually had a laparoscopic-assisted trans- 
umbilical resection. This operative approach usu-
ally takes between 45 and 90 min, including the 
time to identify the duplication laparoscopically, 
exteriorize the involved bowel, and perform the 
resection [11–13].

Depending on the nature of the duplication, 
and whether or not there is seromuscular involve-

Fig. 30.4 Intestinal duplication specimen resected in 
laparoscopy

Fig. 30.5 Trans-umbilical extraction of the intestinal 
duplication

Fig. 30.6 Intestinal resection and end-to-end intestinal 
anastomosis outside the abdominal cavity
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ment, and/or blood supply compromise, these 
lesions can often be resected completely with 
none or minimal seromuscular injury of the adja-
cent bowel. If a bowel resection is required, the 
anastomosis is usually performed hand sewn in a 
single layer with continuous or interrupted suture 
or with a bowel stapler.

Patients that had a complete resection of the 
intestinal duplication with no bowel compro-
mise and/or minimum seromuscular involvement 
 usually stay 1–3 days after the operation and start 
feeding 6–12 h postoperatively [12, 13].

After discharge they are followed up at week 
1 and 4  weeks after surgery and then 2 and 
4  months later. A follow-up ultrasound is per-
formed only if symptoms develop.

30.8  Tips and Tricks

The first step in all cases should be the visual-
ization of the abdominal cavity through the cam-
era in the umbilical port. Once the duplication 
is seen, then it can be decided to carry out the 
operation only with the umbilical port or with 
one or more working ports. In all of our cases of 
gastric and duodenal duplications, we have used 
at least two working ports. Some of the duodenal 
cases have required an extra port or percutaneous 
instrument to have a better visualization of the 
dissection of the duplication.

Also, positioning of the table (Trendelenburg, 
Fowler, side inclination) can help to mobilize 
the bowel and assist in exposing the dupli-
cation. For some small bowel duplications, 
the localization can be sometimes difficult  – 
requiring running the bowel from the ligament 
of Treitz to the cecum. This is done more ergo-
nomically by using two working ports and two 
monitors as shown in Fig. 30.1. The first half 
of the running should be done looking to the 
monitor on the left at the top of the patient, 
and the second half the surgeon has to switch 
places to the left of the patient and look to the 
other monitor usually moving to the patient’s 
lower body. It is important when running the 

bowel to visualize both sides of the bowel and 
the mesentery.

When an open resection through an enlarged 
umbilical incision is possible, it is important to 
allow enough space to return of the bowel after 
the resection without problems. This is more crit-
ical when the resection takes a longer time due to 
the natural edema of the bowel outside the peri-
toneal cavity.

Most of the cystic duplications are better 
resected using the tension of the duplication to 
allow a better plane of dissection. When the cyst 
is too big, interferes with a safe visualization of 
the dissection or difficult a trans-umbilical sur-
gery, partial or complete aspiration of the cyst 
contents will be necessary. This is performed 
under laparoscopic view with a percutaneous 
needle or through the umbilical incision prior to 
externalizing the duplication.

30.9  Discussion

Intestinal duplications are a rare congenital 
anomaly that can be present at any level of the 
alimentary tract. In 1953, Ladd and Gross clas-
sified intestinal duplications requiring three 
essential characteristics that had to be present: 
(a) well-developed smooth muscle coat, (b) 
mucosal lining found within some portion of 
the alimentary tract, and (c) contiguity to any 
segment of the alimentary tract, although dupli-
cations can be located in the pancreas or biliary 
tract as well [11]. IDs usually have intestinal 
lining mucosa, but sometimes gastric or pan-
creatic mucosa can be present. Uncommonly, 
IDs communicate with the native intestinal 
lumen.

The main goal of the treatment is the resection 
of the duplication with as much conservation of 
the adjacent bowel as possible. Laparoscopy in 
intestinal duplications confirms the diagnosis in 
the cases in which imaging is unclear and also 
gives information as to the exact location of the 
malformation. With this information, different 
surgical approaches can be decided.
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Although the complete removal of the dupli-
cation is the main objective, depending on the 
size, localization, and relation to the adjacent 
structures, this may not always be possible with-
out compromising the adjacent bowel or sur-
rounding structures.

There are different surgical strategies to deal 
with the widespread possibilities of intestinal 
duplications.

The standard approach is with a three-port 
technique: one 5  mm umbilical port for a 
30-degree camera and two 3–5  mm working 
ports. If liver retraction is necessary, percuta-
neous liver retraction stiches can be placed or 
an extra port or a percutaneous laparoscopic 
instrument can be used. This approach is the 
most used in the non-mobile alimentary tract 
(esophagus, stomach, duodenum, colon, and 
rectum). In the mobile portions (jejunum, 
ileum, and ileocecal region), an assisted lapa-
roscopic approach can be used – after identify-
ing the duplication, it can be mobilized through 
an enlarged umbilical incision or a planned 
mini-laparotomy just over the duplication. A 
complete minimally invasive surgery (MIS) 
resection or MIS-assisted resection results in 
less pain, less bowel obstruction incidence, and 
better cosmetic results [11–13].

If it’s not possible to do a complete and safe 
removal of the duplication, a partial resection can 
be performed – although this should be done with 
special consideration for the blood supply of the 
adjacent bowel. Minimal invasive surgery mag-
nification helps in the identification of the blood 
supply during this approach with the advantage 
of less blood loss and reducing the chance of 
compromising the blood supply of the adjacent 
structures [4].

In a minority of cases, safe complete resec-
tion or enucleation is not possible. In these 
cases, the option is a partial resection or marsu-
pialization, removing safely as much possible 
of the duplication, leaving the common wall 
with the adjacent bowel and main surround-
ing structures, and a complete stripping and/or 
coagulation of the mucosal layer. This approach 
is often used for duodenal duplications due to 

their relation with the pancreas and biliary tract 
[12, 13].

When a bowel resection is necessary for 
removal of the duplication, a complete resection 
and anastomosis can be performed laparoscopi-
cally. This can be performed with a hand-sewn 
or stapled (5–12 mm) anastomosis. However, if 
the duplication is in a mobile segment, a trans- 
umbilical MIS-assisted resection and anastomo-
sis through the umbilicus is preferred.

30.10  Conclusion

IDs are uncommon. Nowadays, pre- and postna-
tal ultrasonographic investigation contributes to 
an earlier diagnosis of such pathology before the 
onset of the symptoms.

The laparoscopic approach to IDs allows con-
firmation of the diagnosis and defining precisely 
the anatomy, the nature, and the exact site and 
anatomical considerations of the duplication.

Laparoscopic surgery in ID can achieve the 
complete resection with the preservation of the 
adjacent bowel or allows a trans-umbilical video- 
assisted resection. If a laparotomy is needed, 
the MIS approach helps in achieving a smaller 
incision.

The laparoscopic approach has a diagnostic 
and therapeutic role in the management of IDs as 
well as effective and safe treatment.
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Laparoscopy and Laparoscopic- 
Assisted Approach for Adhesive 
Small Bowel Obstruction

Illya Martynov and Martin Lacher

31.1  Introduction

The development of intestinal adhesions as 
result of transperitoneal surgery in neonates and 
children is common and may lead to adhesive 
small bowel obstruction (ASBO). In the first 
year after surgery, the incidence is estimated to 
be 2–5% with a lifetime risk of up to 30% [1–3]. 
Less commonly, ASBO is caused by congenital 
bands [4]. The clinical manifestation can vary 
depending on the type and extent of surgery. It 
ranges from mild symptoms including crampy 
abdominal pain, anorexia, emesis, and obstipa-
tion to lethargy and peritonitis [5]. The diag-
nosis of ASBO is usually based on physical 
examination combined with use of ultrasonog-
raphy, plain radiographs, and in some cases 
cross-sectional imaging. The optimal man-
agement in children depends upon the extent 
of obstruction. Non- operative management is 
indicated in patients without signs of bowel 
ischemia and includes enteral decompression 
with a nasogastric tube, fluid resuscitation, 
and correction of electrolyte abnormalities [6]. 
However, patients who do not respond to con-
servative therapy require surgical intervention 

such as adhesiolysis and possible bowel resec-
tion [7, 8]. Both laparotomy and laparoscopic 
or laparoscopically assisted procedures can be 
used [9]. Laparoscopy was shown to be safe in 
management of acute and chronic ASOB and 
allows accurate diagnosis, quick recovery, and 
low morbidity [10]. However, due to exten-
sive adhesions, the frequency of conversions 
to laparotomy ranges from 33 to 52% [9–11]. 
In this chapter, we aim to review the utilization 
of laparoscopic surgery for ASOB and to pres-
ent our laparoscopic-assisted technique using 
single- incision laparoscopic surgery (SILS) 
with homemade glove port.

31.2  Preoperative Preparation

The extent of preoperative preparation depends 
on the presentation of the patient. The initial 
workup includes an ultrasound examination and 
plain abdominal radiographs. A nasogastric tube 
as well as a urinary catheter should be inserted 
and the output documented. Hypovolemia, elec-
trolyte, and acid-base disturbances are to be cor-
rected. Prophylactic antibiotics as a part of the 
perioperative management may be subject to 
local customs and personal preferences. General 
anesthesia with intubation and sufficient muscle 
relaxation for the establishment of optimal work 
place is essential, especially when bowel is 
dilated [12].
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31.3  Positioning

In supine position the angle of the table is 
adjusted according to the localization of the 
adhesions. The surgeon stands on the left side of 
the patient, and an assistant on the same side to 
hold the camera. The monitor is placed opposite 
to the surgeon. The scrub nurse usually stands to 
the left of the surgeon.

Instrumentation
 1. Wound retractor (Alexis, size XS, Applied 

Medical Resources Corp., Rancho Santa 
Margarita, CA), size 6.5 glove, 5-mm trocar 
(Karl Storz, Germany).

 2. 5-mm 45-cm scope (Stryker Endoscopy, San 
Jose, CA)

 3. 90° angulated light adapter (Karl Storz, 
Germany)

 4. Straight laparoscopic instruments including 
atraumatic (bowel) graspers.

 5. Bipolar electrocoagulation (optional).

31.4  Technique

Generally, the umbilicus is free of adhesions, and 
the wound retractor can be introduced transum-
bilically. A 2-cm vertical incision is made in the 
umbilicus, and the underlying midline fascia is 
opened over a variable length ranging from 1.5 
to 2.5 cm to enter the peritoneal cavity. An Alexis 
XS wound retractor is placed directly through 
the fascia (Fig. 31.1), and a size 6.5 glove is con-
nected to it. The thumb of the glove is cut off, and 
a 5-mm trocar is introduced and tied over this tro-
car enabling introduction of laparoscopic instru-
ments (Fig. 31.2) [13, 14]. Additional ports can 
be placed depending on extension of adhesions 
under laparoscopic guidance. The laparoscopic 
exposition can be improved through changes in 
table position to allow distended bowel to fall 
away from the camera. First, the inspection of the 
abdominal cavity is performed. In early stages of 
ASBO, simple adhesions or isolated adhesive 
bands may be detected immediately making adhe-
siolysis a relatively straightforward procedure. 
However, in the case of extensive adhesions, the 

laparoscopic approach can be challenging due 
to dilated and inflamed bowel loops and there-
fore restricted vision. Short-term increase of CO2 
pressure and maneuvers to move bowel content 
from distal to proximal using atraumatic graspers 
may facilitate the procedure. Laparoscopic adhe-
siolysis can be performed using direct cutting 
with scissors or diathermy with bipolar forceps 
or sealing device. Impaired working space, mul-
tiple extensive adhesions, or iatrogenic collateral 
damage with traumatization of the obstructed 
bowel during laparoscopy may necessitate the 

Fig. 31.1 Placement of an Alexis XS wound retractor 
through the umbilicus

Fig. 31.2 5-mm straight laparoscopic instruments are 
introduced through tiny incisions in the fingertips of the 
glove port
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conversion to open surgery. In our experience 
using a SILS technique, the initial dissection of 
adhesions and mobilization of bowel can be per-
formed laparoscopically with or without the help 
of exteriorizing loops of bowel for dissection 
extracorporeally (Figs. 31.3 and 31.4).

Furthermore, bowel resection, if needed, 
can be performed using an open surgical 
approach through the Alexis port (Fig. 31.5). 
The fascial incision is approximated with a 

running 2-0 or 0 polyglactin suture. Finally, 
the skin incision is closed using interrupted 
subcuticular 4-0 poliglecaprone sutures.

31.5  Postoperative Care

Postoperative care varies depending on the pre-
operative condition of the patient and extent of 
the operation. In general, the nasogastric tube 
should stay and broad-spectrum antibiotics are 
administered. The Foley catheter is left in place 
for documentation of urinary output. A repeat 
abdominal examination is performed at regu-
lar intervals. Postoperative analgesia is adjusted 
based on clinical parameters. Oral feeding can be 
started after return of bowel function.

31.6  Results

Laparoscopy or laparoscopic-assisted approach 
to ASBO has been shown to be safe and feasible 
in patients with early stages of disease and low 
number of previous laparotomies [10]. The MIS 
approach allows a quick recovery with early dis-
charge and low morbidity [9, 15]. However, the 
conversation rate to an open procedure remains 
as high as 33–52% [9, 10, 16, 17].

Fig. 31.3 External bowel preparation using a SILS 
approach in a 5-year-old boy with Meckel diverticulitis 
and adhesive small bowel obstruction. After laparoscopic 
adhesiolysis the perforated Meckel diverticulum is exteri-
orized through the umbilical incision

Fig. 31.4 Adhesive small bowel obstruction caused by 
an adhesive band leading to limited ischemia (perpendicu-
lar “whitish line” to the bowel loop). It may perforate 
within the following days and should therefore be resected 
at the time of adhesiolysis

Fig. 31.5 After exteriorizing the Meckel diverticulum, a 
segmental small bowel resection is performed with end- 
to- end anastomosis
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31.7  Tips and Tricks

 1. Proper patient selection and good surgical 
judgment are the most important factors to 
successful outcome in laparoscopic treatment 
of ASBO [10]. Therefore surgeons starting 
MIS for ASBO should choose patients with an 
early diagnosis as laparoscopy is easier when 
the working space is not limited.

 2. Patients with distal or complete small bowel 
obstruction have an exceeding bowel diameter 
and are therefore unlikely to be treated suc-
cessfully by laparoscopy.

 3. Use of ultrasonography may help to choose a 
safe site for the initial trocar insertion. We 
advocate the use of the open technique for tro-
car introduction.

 4. Conversion to an open approach should not be 
considered as a surgeon’s failure or complica-
tion but rather as the recognition of limitations 
of the technique and particular the disease 
process. Conversion should be done early and 
not late in the operative course.

31.8  Discussion

Postoperative small bowel obstruction due to 
development of adhesions is a frequent problem 
following abdominal surgery. The open surgical 
approach for ASBO has commonly been used 
during several years, whereas laparoscopy was 
considered contraindicated due to reduced work-
ing space and risk of bowel injury. However, the 
laparoscopic approach for ASBO has proven its 
benefits, safety, and feasibility [9]. Especially in 
early stages of ASBO, the laparoscopy is feasible 
as the working space is not limited by dilated 
bowel and the single band adhesions may be 
addressed relatively easy. Thus, initial attempt at 
laparoscopic approach in children is rewarding 
due to its association with quick postoperative 
recovery and early hospital discharge [9, 18, 19]. 
However, in cases of delayed diagnosis or exten-
sive adhesions, the MIS approach can be chal-
lenging and require high expertise of the surgeon. 
At any time, the laparoscopic procedure can be 
augmented by a laparoscopic-assisted approach, 
minilaparotomy, or formal laparotomy.
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MIS Management 
of Intussusception

Munther Haddad

32.1  Introduction

Intussusception is telescoping of a segment of 
the intestine into another adjacent distal segment. 
The word *intussusception is derived from the 
Latin *intus (within) and *suscipere (receive) 
(receive within).

It was first described by Hunter in 1793, and 
the first series of hydrostatic reductions of intus-
susception was reported by Hirschsprung in 
1876, and Ladd reported the first radiograph of 
contrast enema in 1913.

Ravitch published a large series of successful 
barium enema reductions of intussusception with 
standard guidelines in 1948 [1–3].

Most cases occur in children between 5 and 
10 months of age, common in males with 3:2 M:F 
ratio and two-thirds of children with intussuscep-
tion being below the age of 1 year.

There are two types of intussusception:
Idiopathic with no distinct lead in most cases 

and usually starts at the ileocecal region.
Nonidiopathic secondary to a lead point 

which occurs in 2–12% of cases and seen in 
infants less than 3 months or older children above 
the age of 4 years, and the lead points may be:

• Meckel’s diverticulum.
• Enlarged mesenteric lymph node.
• Benign or malignant tumours, i.e. lymphoma, 

polyp.
• Duplication cyst.
• Hamartomas associated with Peutz-Jeghers 

syndrome [3].

Most cases of intussusception occur at the ileo-
cecal region. Small bowel intussusception is rare 
and usually secondary to a lead point and occasion-
ally occurs in the postoperative period. Hydrostatic 
enema reduction is the preferred treatment unless 
there is evidence of perforation or dead bowel.

Minimally invasive approach is indicated 
when attempts at enema reduction have failed 
or where enema reduction is contraindicated; it 
can be also useful as a diagnostic tool when other 
modalities of investigations like ultrasound and 
contrast enema were inconclusive like intussus-
ception of small bowel.

Minimally invasive approach is contraindi-
cated in haemodynamically unstable child and 
where there is evidence of small bowel obstruc-
tion with marked abdominal distention and 
dilated bowel loops [4, 5].

32.2  Preoperative Preparation

Children often present acutely unwell over 24 h 
period or more. All children should be assessed 
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regarding their haemodynamic status and sepsis. 
Appropriate resuscitation, i.e. intravenous fluids, 
is given as these children are often dehydrated 
(from vomiting and third space loss) and anti-
biotics given if the child looks septic. A plain 
abdominal X-ray is usually done before the 
enema reduction to check the degree of intestinal 
obstruction and to exclude free intraperitoneal 
gas. Ultrasound of the abdomen is usually a reli-
able diagnostic investigation. Once the diagnosis 
is confirmed, an enema reduction can be carried 
out according to enema reduction guidelines.

Surgery is indicated when enema reduction 
has failed.

32.3  Positioning

The patient is positioned supine and towards the 
end of the operating table.

There are two monitors, the first one at the feet 
of patient to the left and the second one near the 
right patient’s shoulder opposite the surgeon. The 
surgeon’s position is on the left side of the patient 
with a nurse on his side, and the cameraman is in 
front of the surgeon.

Instrumentation

• 5 mm 30 degree scope
• 3–5 mm (Hasson) trocars
• Two atraumatic bowel graspers.
• 3–5 mm Maryland dissector
• 3–5 diathermy device
• 3–5 mm suction irrigation device.

32.4  Technique

The procedure is carried out under general anaes-
thesia with endotracheal intubation and muscle 
relaxant. A nasogastric tube should be inserted 
to decompress the upper gastrointestinal tract if 
there is intestinal distention.

The primary port is inserted through the umbi-
licus under direct vision (Hasson technique); CO2 
is used to insufflate the abdominal cavity up to 10 

mmHg. The technique is divided in two phases, the 
diagnostic phase and the therapeutic phase. In the 
diagnostic phase, initial intra-abdominal inspec-
tion and assessment are carried out to determine:

 – The feasibility of proceeding according to the 
degree of bowel distention.

 – Identification of the intussusception and its 
extent (Fig. 32.1).

 – Assessment of the degree of bowel ischemia 
and the likelihood of success with MIS.

 – Assessment of the degree of peritoneal 
contamination.

This may need the help of other ports, usually 
two, which are inserted under direct vision, and 
their placement usually depends on the exami-
nation under anaesthesia carried out earlier and 
helped by the preoperative enema localizing the 
intussusception, as in most cases the incomplete 
reduction of the intussusception is localized as 
far as the ileocecal region or the ascending colon. 
Two ports should be inserted on the left side 
of the abdomen, one above and one below the 
level of the umbilicus or both below it. A third 
port might need to be inserted in the right side 
of the abdomen to help with the reduction of an 
 intussusception in the left upper quadrant and to 
avoid overlap clashing of the instruments and the 
scope.

Fig. 32.1 The first step of the procedure is to identify the 
type and the extension of the intussusception
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Similar to open surgery, milking the intussus-
ception proximally is the ideal and safest way, but 
this may be difficult with the laparoscopic approach 
due to bowel distention, poorer control (compared 
with the hand) and limited space. Milking alone 
may not be effective so proximal traction to the 
bowel is used to help with the reduction.

Reduction at the ileocecal valve is usually the 
most difficult part, and care should be taken not 
to cause any injury of the bowel wall, and reduc-
tion can be achieved by application of balanced 
combination of traction and steady eversion pres-
sure, and it may be necessary to introduce a non- 
crushing grasper via a third working port to assist 
with the reduction (Fig. 32.2).

Following reduction the bowel is assessed for 
viability, the presence of any injury to the bowel 
wall or perforation and to exclude any lead point.

The abdominal cavity is then cleaned by irri-
gation of normal saline and suctioning.

The ports are removed, the abdomen is 
deflated, and the port site wounds are closed with 
absorbable sutures.

32.5  Postoperative Care

In the postoperative period, non-opiate analgesia 
is all what is needed, and opiate analgesia is only 

required occasionally. The analgesic requirement 
(paracetamol every 6 h) is generally limited to the 
first 24 postoperative hours.

In the majority of cases, oral intake is started 
soon after recovering from anaesthesia, and 
when they are no longer nauseated and able to 
tolerate fluids, they can restart full oral feeding 
few hours after surgery; this may be delayed if 
there has been significant bowel manipulation or 
bowel obstruction with dilated proximal bowel 
loops.

Most children are usually discharged home 
within 24  h, or maximum on the second post-
operative day, unless there has been a need for 
resection and reanastomosis.

32.6  Tips and Tricks

• Examination of the abdomen under anaesthe-
sia will help in placing the ports according to 
the location of intussusception to give maxi-
mum ergonomic advantage [6, 7].

• The use of 30 degree scope will provide better 
vision and access.

• Consider introduction of an additional port 
when needed.

• Be patient, and do not rush the reduction; 
apply a balanced traction and controlled 
steady pressure [8].

• Conversion to open technique should be con-
sidered early if reduction has failed.

32.7  Complications

Failure of laparoscopic reduction is not a 
complication.

*Bowel perforation due to the procedure or 
due to ischaemia preceding the procedure.

*Postoperative recurrence usually occurs 
within 24–48 h. Ultrasound may confirm that air 
enema can be reattempted unless there are signs 
of peritonitis.

*Pathological lead point may be difficult to 
recognize or missed [9].

Fig. 32.2 The reduction can be achieved by application 
of balanced combination of traction and steady eversion 
pressure

32 MIS Management of Intussusception
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Current Operative Management 
of Meckel Diverticulum

J. A. Sobrino and G. W. Holcomb III

33.1  Introduction

Meckel diverticulum is a true diverticulum, con-
taining all layers of the bowel wall. It results 
from failure of the omphalomesenteric duct to 
regress. The incidence is estimated to be 1–2%, 
though the true rate is unknown as only approxi-
mately 4% are symptomatic and the risk of 
developing symptoms decreases with age. While 
the actual values vary, the often taught “rule of 
2s” remains useful: the incidence is 2%, the male 
to female ratio is 2:1, the presentation is mostly 
before 2 years of age, the location is within 2 ft. 
(60  cm) from the ileocecal valve, and they are 
approximately 2 cm in diameter and 2 in (5 cm) 
long and can contain two types of heterotopic 
mucosa [1].

Although open excision is still used, most 
pediatric surgeons now utilize the laparoscopic 
approach which carries the advantage of being 
diagnostic and potentially therapeutic for other 
etiologies of abdominal symptoms [2, 3]. In 
this chapter, we describe our laparoscopic 
approach for resection of a Meckel diverticulum 
(Fig. 33.1).

33.2  Preoperative Preparation

Different presentations will have unique preop-
erative requirements. The bleeding diverticulum 
may require transfusion, while the obstructed or 
perforated patient is likely to require intravenous 
rehydration, electrolyte correction, antibiotics, 
and gastric decompression. Informed consent is 
obtained and should include both diverticulec-
tomy and small bowel resection. General endo-
tracheal anesthesia with muscular relaxation is 
utilized.J. A. Sobrino · G. W. Holcomb III (*) 
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33.3  Positioning

The patient is positioned supine with the arms 
tucked. Two monitors are positioned at the front 
of the bed on either side of the patient for the 
surgeon and assistant. A urinary catheter may be 
needed, depending on the patient’s condition or 
at the discretion of the surgeon or anesthetist. 
Ports are placed beginning with a 12 mm can-
nula at the umbilicus with the remaining port 
positioning dictated by the pathology. In the 
setting of an isolated Meckel diverticulum, two 
5 mm cannulas or two 3–5 mm stab incisions are 
placed in the left lower quadrant (Fig.  33.2f). 
An intussusception due to a Meckel diverticu-
lum may require alternative placement based on 
the extent of involved bowel. Intracorporeal and 
 laparoscopic- assisted extracorporeal variations 
of the procedure exist.

33.4  Instrumentation

A 30°, 10 mm laparoscope and 3–5 mm bowel 
graspers are useful for initial inspection. 
Additional equipment, such as gastrointestinal 
staplers and sutures, will vary based on the oper-
ative findings and the decision for diverticulec-
tomy or small bowel resection.

33.5  Technique

The surgeon should begin by surveying the abdo-
men for abnormalities. Next, the cecum should be 
identified followed by the small bowel, working 
distal to proximal. For intussusception, laparo-
scopic reduction can be attempted by applying 
gentle traction to the proximal segment to reduce it 
from the distal bowel. After identifying the diver-

a b c

d e f

Fig. 33.2 Three-incision approach in a child presenting 
with a small bowel obstruction. A loop of small bowel is 
seen incarcerated in an adhesive band running from the 
tip of the Meckel diverticulum to the base of the mesen-
tery (a). The bowel is reduced and the band divided (b, c). 
The diverticulum is then exteriorized via the umbilical 

incision (d), resected (e), and the bowel is then returned 
to the abdominal cavity. The incisions are then closed (f) 
(From Holcomb GW, Murphy JP, Ostlie DJ, eds. 
Ashcraft’s Pediatric Surgery. Sixth Edition. London; 
New  York: Saunders/Elsevier; 2014. Reprinted with 
permission)
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ticulum as the lead point, the decision is made to 
continue laparoscopically or to  externalize the 
bowel through an enlarged umbilical incision.

If no intussusception is seen, the next deci-
sion is whether to perform an intracorporeal or 
a laparoscopic- assisted extracorporeal diver-
ticulectomy. We prefer to perform an extracor-
poreal diverticulectomy (Fig.  33.2). We enlarge 
the umbilical incision enough to exteriorize the 
diverticulum. The diverticulum is grasped using 
a grasper inserted through one of the acces-
sory ports, and the diverticulum is maneuvered 
toward the umbilicus. The umbilical port and 
telescope are removed, and the diverticulum is 
seen and grasped and exteriorized through the 
umbilicus. The plane of resection for diverticu-
lectomy is parallel to the bowel along the base of 
the diverticulum. If performing a stapled diver-
ticulectomy, it may be helpful to orient the staple 
line obliquely to the bowel to avoid narrowing 
the lumen (Fig. 33.3), although data are lacking 
about whether this oblique orientation of the sta-
pler is necessary. Excision and hand-sewn clo-
sure is achieved by resecting the diverticulum in 

a wedge shape directed from the anti-mesenteric 
border toward the mesentery. This partial enter-
ectomy is then be closed similar to a small bowel 
anastomosis. If desired, a small bowel resection 
for Meckel diverticulum can be performed in the 
standard fashion. The bowel is then returned to 
the abdomen and the umbilical fascia and skin 
are closed.

33.6  Postoperative Care

Postoperative pain control is similar to other 
laparoscopic operations. There are no activity 
or bathing limitations. A nasogastric tube is not 
needed, and a diet may begin once there are signs 
of returning bowel function.

33.7  Results

The average length of operation is about 1  h. 
Complications are rare but include staple or 
suture line leak, anastomotic obstruction, and 

a b c

Fig. 33.3 Extracorporeal stapled resection of a Meckel 
diverticulum. Although difficult to see, the stapler was 
placed slightly obliquely across the base of the diverticu-
lum in order not to obstruct the bowel at the site of the 

diverticulectomy (From Holcomb GW, Murphy JP, Ostlie 
DJ, eds. Ashcraft’s Pediatric Surgery. Sixth Edition. 
London; New York: Saunders/Elsevier; 2014. Reprinted 
with permission)
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ongoing bleeding due to incomplete resection. A 
single follow-up visit is usually adequate.

33.8  Tips and Tricks

• The laparoscopic-assisted extracorporeal 
technique is helpful in all patients, but espe-
cially in smaller patients due to limited oper-
ational domain, particularly if a stapler is 
used.

• Vertically oriented umbilical incisions are eas-
ily extended to facilitate evisceration of the 
small bowel with minimal postoperative 
scarring.

• For bleeding, it is useful to open the diverticu-
lectomy specimen to confirm resection of the 
bleeding ulcer.

33.9  Discussion

Bleeding, obstruction, and inflammation of 
the diverticulum are the most common pre-
sentations of Meckel diverticulum. Less com-
mon presentations include perforation (more 
commonly seen in neonates) or incarceration 
in an abdominal wall hernia (Littré hernia). 
Laparoscopy has been effective in the manage-
ment of these unusual or difficult presentations 
as well [4]. Bleeding classically presents as 
episodic, painless hematochezia, though slower 
bleeding may not be clinically apparent apart 
from anemia. Ectopic gastric mucosa produc-
ing mucosal ulceration is commonly found in 
a bleeding Meckel diverticulum. Obstruction 
most commonly arises via intussusception or 
volvulus. The diverticulum may act as a lead 
point for the intussusceptum of an obstructing 
ileoileal or ileocolic intussusception. Volvulus, 
on the other hand, may occur around the axis 
of a fibrous vitelline remnant and can lead to 
bowel ischemia. Meckel diverticulitis is often 
mistaken for appendicitis given the proximity of 
the diverticulum to the ileocecal valve.

The preoperative diagnosis of a Meckel diver-
ticulum is relatively uncommon. For example, an 
intussuscepted diverticulum is most likely to be 
diagnosed intraoperatively after reduction or in 
the pathological specimen after resection. Patients 
who undergo successful enema reduction in the 
setting of a Meckel diverticulum may not fully 
reduce or, if they do, may recur. Subacute gastro-
intestinal bleeding is more likely to yield a pre-
operative diagnosis as the work-up to localize the 
bleeding may lead to a Meckel scan (technetium- 
99m pertechnetate radionuclide study). This iso-
tope is selectively taken up by gastric mucosa 
and visualized on scintigraphy. While the Meckel 
scan is highly specific with a high positive pre-
dictive value, the sensitivity has been reported to 
be between 60 and 100% in various series. Given 
these values and that non- gastric mucosa does 
not take up the isotope, a negative scan cannot 
exclude a Meckel diverticulum.

Laparoscopic management of Meckel diver-
ticulum is now the preferred approach, particu-
larly given the ease of hybrid techniques that 
eviscerate the diverticulum through an exten-
sion of the umbilical extension. These patients 
have similar outcomes with shorter lengths of 
stay [2, 5].
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Bariatric Surgery  
for Paediatric Patients

Jennifer Billington and Ashish Desai

34.1  Introduction

Morbid obesity amongst paediatric patients is a 
growing problem that represents a formidable 
global health challenge. In the past three decades, 
prevalence of childhood obesity has tripled [1]. 
The WHO estimates that worldwide, there are 
currently 41 million children ≤5 years old who 
are overweight or obese.

Though initially managed with lifestyle 
changes, surgical options in morbidly obese chil-
dren are shown to have most sustained weight 
loss [2]. However, it should always be performed 
in multidisciplinary team (MDT) in centres that 
routinely perform the same. There are three main 
surgical options: Roux-en-Y bypass surgery 
(RYGB), sleeve gastrectomy (SG) and 
Laparoscopic Gastric Band (LGB). Sleeve gas-
trectomy is now one of the most commonly per-
formed surgeries in children. Hence we shall 
describe surgical technique for the same.

34.2  Eligibility for Surgery

Patient selection is very important and should 
be a joint decision from a MDT consisting 
of paediatrician, surgeon, dietician and 
psychologist.

Before decision-making, patients are thor-
oughly investigated to identify any underlying 
condition causing obesity, e.g. hypothyroidism or 
Prader-Willi syndrome (PWS). Investigations 
also look for any obesity-related co-morbidities. 
Blood investigations include full blood count, 
urea and electrolytes, liver function and meta-
bolic profile to look for non-alcoholic hepatic 
steatosis or type 2 diabetes. A sleep study should 
also be performed to diagnose obstructive sleep 
apnoea. Apart from this, baseline anthropometric 
measurements, an ECG, echocardiogram, and 
ambulatory blood pressure monitoring are also 
performed.

Input from paediatric gastroenterology, respi-
ratory and endocrinology physicians are essential 
in the amelioration of such conditions prior to 
surgery.

As per recently published guidelines from the 
American Society of Metabolic and Bariatric 
Surgery (ASMBS) 2018, criteria are as per 
Table 34.1.
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34.3  Surgical Approach

34.3.1  Preoperative Preparation

When a patient has been deemed suitable for sur-
gical intervention, a liver shrinking diet is recom-
mended. It comprises of a 14-day period of 
high-protein, low-carbohydrate milkshake 
replacement for meals, which aims to reduce 
weight and size of the liver, making the laparo-
scopic access to the stomach easier.

34.3.2  Patient Positioning

The most important consideration for patients 
undergoing LSG is the proper positioning on the 
operating table. Ideally patients can walk into 
theatre and be anaesthetised on the table, elimi-
nating the need to move from trolley to table. If 
this is not possible, an inflatable hover mattress 
can be utilised.

A number of anaesthetic considerations must 
be noted for the obese patient. IV access may 
prove difficult due to excessive subcutaneous fat. 
Obese patients have decreased functional reserve, 
and a period of prolonged preoxygenation may 
prevent rapid desaturation following administra-
tion of induction agents. A short thick neck often 
makes visualisation of the larynx difficult, a prob-
lem which can be remedied by a glidoscope.

Patient positioning is imperative to ensure 
good body mechanics of the operating surgeon 
and ensuring the patient is secure on the operat-
ing table. A sufficient number of staff should be 
present to assist in securing the patient. In our 
institution, patients are placed in a supine posi-
tion, with their legs apart. The legs are secured 
with straps, and where necessary, breast tissue is 
taped away from the operative field (Fig. 34.1). 
Finally, a head up, hips up position ensures the 
abdominal field is best exposed with minimal 
skin fold creases. Arms should be tucked in.

Thorough attention to detail for skin assess-
ment and padding ensures no pressure sores are 
encountered. All patients, unless contraindicated, 
should have TED stockings and inflatable boot 
devices applied. Patients receive intraoperative 
broad spectrum antibiotics and further two doses 
in the post-operative period.

34.3.3  Instrumentation

 – 5 ports—12, 12, 5, 5, +/5 fifth 5—Visiport 
technique

Table 34.1 Indications and contraindications for adoles-
cent metabolic and bariatric surgery (MBS) [3]

Indications for adolescent MBS include
•  BMI ≥35 kg/m2 or 120% of the 95th percentile with 

clinically significant co-morbid conditions such as 
obstructive sleep apnoea (AHI 45), T2D, IIH, 
NASH, Blount’s disease, SCFE, GERD or 
hypertension or BMI ≥40 kg/m2 or 140% of the 
95th percentile (whichever is lower)

•  A multidisciplinary team must also consider 
whether the patient and family have the ability and 
motivation to adhere to recommended treatments 
pre- and postoperatively, including consistent use of 
micronutrient supplements

Contraindications for adolescent MBS include
•  A medically correctable cause of obesity
•  An ongoing substance abuse problem (within the 

preceding year)
•  A medical, psychiatric, psychosocial or cognitive 

condition that prevents adherence to postoperative 
dietary and medication regimens

•  Current or planned pregnancy within 12–18 months 
of the procedure

BMI Body Mass Index; T2D Type 2 Diabetes; NASH  
Nonalcoholic Steato-Hepatitis; SCFE Sliiped Capital 
Femoral Epiphysis; GERD Gastro-Esophageal Reflux 
Disease

Fig. 34.1 Position of the patient with appropriate pad-
ding to protect pressure points
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 – 10 mm camera
 – Harmonic scalpel
 – GIA linear stapler device

34.3.4  Surgical Technique

 – An OGD is performed and gastric/oesopha-
geal biopsies taken to look for evidence of any 
pathology, gastro-oesophageal reflux and H. 
pylori infection.

 – Following safe and appropriate set-up of the 
patient, a pneumoperitoneum is created using 
a Visiport in supraumbilical region (Fig. 34.2). 
The remaining ports are inserted under direct 
visual guidance.

 – The position of ports is illustrated in Figs. 34.2 
and 34.3.

 – A liver lift is inserted to elevate the liver and 
allow stomach to be seen. A laparoscopic 
grasper can also be used; however, we feel 
liver lift offers better visualisation.

 – The greater and lesser curves are visualised, as 
is the pylorus.

 – Using a harmonic device, the greater curva-
ture is devascularised from 5 cm proximal to 
the pylorus up to gastro-oesophageal junction 
(GOJ) until the diaphragmatic crus is visual-
ised. Care should be taken to ensure the GOJ 
is well vascularised.

 – An appropriately sized bougie is placed endo-
scopically to ensure an adequately sized 
 stomach remains. In our centre we use a size 
36–38 bougie.

 – Using the bougie as a guide, a linear stapler 
allows excision of the greater curvature and 
tubularisation of the stomach.

 – Commencing at the proximal staple line at the 
gastric antrum, a running stitch of 4/0 PDS 
may be used to re-enforce the staple line.

 – The suture line is tested laparoscopically, and 
a check for haemostasis is performed.

 – The stomach is removed from the supraum-
bilical port (Figs. 34.3 and 34.4).

 – We routinely perform trucut biopsy from liver 
under direct visualisation to grade hepatic 
steatosis.

 – Closure of wounds using 1/0 Vicryl J needle 
and glue for skin.

34.3.5  Procedure-Specific 
Complications

 – Bleeding from suture line or liver
 – Inability to complete due to large liverFig. 34.2 Port placement

Fig. 34.3 Position of ports after port removal

Fig. 34.4 Resected specimen
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 – Damage to spleen
 – Pneumothorax
 – Deep vein thrombosis and pulmonary 

embolism
 – Leakage from the staple line
 – Failure to lose weight or weight regain
 – Gastro-oesophageal reflux

34.4  Post-operative Care

Below is a sample protocol, similar to what we 
use for the post-operative management of patients 
at our institution (Table 34.2).

34.5  Results

A recent retrospective review of our 7-year institu-
tional experience of performing LSG in morbidly 
obese teenagers has demonstrated good medium-
term weight loss. Within our institution, the aver-
age age for patients undergoing LSG is 16 years of 
age (16.8, 13–19). Mean preoperative weight was 
140.25 kg, with a mean BMI of 51.26 kg/m2.

The procedure takes approximately 90  min, 
which has reduced slightly with the learning 
curve within our institution. Patients with an 
uncomplicated post-operative course usually are 
discharged home on day 1 or 2 post-operatively.

Within our cohort, complications have included 
staple line haemorrhage, inadvertent stapling of a 
nasogastric tube and post-operative collection 
with pleural effusion. In the longer term, a propor-
tion of our patients have developed GI symptoms 
such as nausea and vomiting which have responded 
to medical management. We have had no readmis-
sions and no mortality within our cohort of patients

At 1-year follow-up, our patients achieve on 
average loss of >50% of excessive body weight. 
Our patients are being followed up in the longer 
term and data is being collected on reduction in 
BMI, management of obesity-related co- 
morbidities and general wellbeing of the patient 
post-operatively.

34.6  Tips and Tricks

 – Ensuring proper time and manpower for 
patient position is fundamental in performing 
this procedure with ease. We recommend a 
‘heads up, hips up’ position, which prevents a 
flexed upper torso. Without this position, we 
have found the folds of abdominal skin often 
impede the visual field.

 – Port position, as demonstrated in Fig.  34.2, 
ensures no camera clash and adequate triangu-
lation of instruments.

 – Removal of nasogastric tube and bougie 
before commencing stapling of the stomach is 
essential to prevent inadvertent stapling.

34.7  Discussion

Surgical treatment of paediatric obesity is not 
routinely accepted as it is considered as lifestyle 
condition. Being a relatively new procedure in 
paediatric population, doubts are also raised 
about its possible safety profile. However, 
recently there has been surge in publications 
reporting safety and efficacy.

Table 34.2 Post-operative bariatric surgical protocol

Post-operative bariatric surgical protocol
Diet
– Free fluids (Week 1 and 2)
– Pureed food (Week 3 and 4)
– Normal diet (Week 4 onward)
Medications on discharge
– 1 g paracetamol PO QDS
– 50 mg diclofenac PO TDS
– 30 mg lansoprazole OD x 3/12
– Ursodeoxycholic acid 650 mg nocte × 6/12
Vitamin and mineral supplementation
Anti-thrombotic treatment
– TEDS (4 weeks)
– Enoxaparin

<100 kg 40 mg OD for 4 weeks
100–150 kg 40 mg BD for 4 weeks
>150 kg 60 mg BD for 4 weeks

Laboratory investigations
– 3, 6, 12 months then annually → U&E, LFT, bone 

profile, Vit D, PTH, FBC, ferritin, folate, Vit B12, 
INR, HBA1c, FBG, FPI, lipid

Additional
– CLO test
– If positive, HeliClear when on pureed diet
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Adolescents Morbid Obesity Study (AMOS) 
is a randomised control trial between RYGB and 
lifestyle intervention in 13–18 years old. Out of 
81 patients operated, there was no mortality 
either intraoperatively or within 30 days of sur-
gery [3]. Similar results were also demonstrated 
by Inge et al. while reporting multisite, observa-
tional study Teen-Longitudinal Assessment 
Study (Teen-LABS) with 242 patients having had 
surgery [4].

Surgery provides the most clinically signifi-
cant short-term weight loss, with 50–60% excess 
weight lost in the first year in most case series. In 
the adult cohorts, long-term studies suggest the 
excess weight loss persists beyond 10 years.

Alqhatani et al. demonstrated a loss of 64.9% 
of excess body weight over 3 years in 108 paedi-
atric patients. He also demonstrated 90% resolu-
tion of various co-morbidities like OSA, 
hypertension, type 2 diabetes and dyslipidaemia 
[5, 6].

In the Teen-LABS study, mean weight reduced 
by 28% in RYGB and 26% in SG which was sus-
tained for 3 years. This study also demonstrated 
remission of diabetes in 95% and improved kid-
ney function in 86%. In this series, 8% patients 
suffered a major complication. Major complica-
tions in this cohort included reoperation for 
bowel obstruction/intra-abdominal sepsis/bleed-
ing and thromboembolic disease.

The AMOS study also demonstrated weight 
loss of 32% with 100% resolution of type 2 dia-
betes and hypertension. There was 92% improve-
ment in abnormal liver function [4].

However, there is concern about vitamin and 
micronutrient deficiency post-operatively in 
these patients. Hence it is imperative that these 
children are treated with lifelong vitamin and 
micronutrient supplements.

The need for a further surgery is mainly seen 
after RYGB; however it is also seen to be the case 
for all procedures. These procedures are mainly 
endoscopy, cholecystectomy and diagnostic 
laparoscopy.

34.8  Conclusion

Bariatric surgery is slowly getting acceptance in 
paediatric population. Sleeve gastrectomy is 
most commonly performed procedure. It is a rel-
atively safe procedure. Selection is a key factor 
and should be made in MDT setting. In view of 
risk of trace elements and vitamin deficiency in 
long term, these patients need long-term 
follow-up.
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Laparoscopic Liver Surgery

Orkan Ergün

35.1  Introduction

Minimally invasive surgery (MIS) has shown a 
dazzling evolution in the recent two decades. 
Although most of the developments initially tar-
geted general surgery and adult patient popula-
tion, the rapid introduction of smaller instruments 
for pediatric age group, despite some limitations, 
has provided pediatric surgeons to adapt and 
improve their skills in neonatal and pediatric 
MIS.  Currently, pediatric surgeons worldwide 
perform laparoscopic procedures in almost every 
field of pediatric surgery. However, the same 
progress has not been achieved in pediatric lapa-
roscopic liver surgery (LLS), and the trend for 
performing LLS in liver diseases of childhood 
has been relatively slow and hesitant [1, 2].

This chapter aims to present the consider-
ations, technical aspects, implementation, and 
the limitations of LLS in pediatric surgery.

35.2  Indications 
and Considerations

Indications for LLS are similar and not quite 
diverse from those for open surgery [2–9]. Cystic 
and solid benign lesions as well as malignancies 

and lesions with diagnostic uncertainty may be 
managed successfully by laparoscopic 
approaches. One should bear in mind that liver 
surgery is a complex procedure, and attempting 
LLS requires expertise in both open liver surgery 
and advanced laparoscopic techniques [1, 3, 10]. 
Formal training in hepatobiliary surgery, being 
familiar with parenchymal transection techniques 
as well as sectional relationship of anatomical 
structures such as vascular and biliary tree, and 
hemostasis principles are of utmost importance 
before considering performing LLS [10].

35.2.1  Tumor Size and Location

Preoperative evaluation is similar to open sur-
gery; however, technical feasibility should be 
assessed thoroughly, and tumor size, location, 
and pathology must be taken into consideration 
[3–9].

Tumor size less than 5  cm in diameter and 
those that are located in the anterolateral seg-
ments (segments II and VI; called laparoscopic 
segments) are the best indications for laparo-
scopic approach [3, 5, 6, 10–12]. Similarly, 
segments III and V and inferior part of segment 
IV are easily accessible locations. Exophytic 
lesions (even those exceeding 5  cm in size) 
which seem to be easily resectable in preopera-
tive imaging may also be considered for laparo-
scopic resection provided that the surgeon feels 
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confident in adequate handling of the mass and 
bleeding control [5, 9, 13, 14]. Right hepatec-
tomy could be procedure of choice for those 
lesions located in the right lobe and allowing 
for safe tumor margins [3]. Following the mobi-
lization of the liver, ligation of right hepatic 
artery and right portal vein at the level of 
hepatic hilum and ligation and division of right 
hepatic vein prior to starting parenchymal dis-
section for right hepatectomy may facilitate 
obtaining a bloodless dissection plane during 
transection. The exceptions to patient assign-
ment for right hepatectomy are the lesions in 
the hepatic hilum and hepatocaval junction due 
to risk of injury to major vascular and biliary 
structures [7, 15].

Patients with lesions occupying segments I, 
VII, and VIII (non-laparoscopic segments, 
poorly accessible locations), or close to hepatic 
hilum and vena cava, confluence of major 
hepatic veins and major biliary structures, and 
tumor size exceeding 10 cm are not considered 
good candidates for LLS [1, 7, 15]. Tumors 
larger than 5  cm have the possibility of tumor 
rupture and spillage during mobilization, retrac-
tion, or resection [11].

35.2.2  Technical Considerations

Laparoscopic parenchymal dissection can be 
performed by pure laparoscopy, hand-assisted 
laparoscopic approach, or a hybrid technique 
which is laparoscopy-assisted open procedure  
[1, 7, 16, 17].

“Pure laparoscopic technique” incorporates 
parenchymal dissection, vascular control, and 
resection solely performed by laparoscopy. 
This technique requires placement of an umbil-
ical trocar and pneumoperitoneum by CO2 
insufflation. Depending on the tumor location, 
and the type of resection planned, three or four 
additional working ports are required. The 
number and site of the trocars are determined 
according to the patient size and the location of 
the lesion. The insufflation pressures are main-
tained between 8 and 10 mmHg in children and 

4 and 6  mmHg in infants [11] to prevent or 
minimize the risk of gas embolism [1, 3, 11, 
18]. Nevertheless, gas (CO2) embolism in clini-
cal setting is very rare and usually without sig-
nificance in majority of cases [19].

Bleeding during parenchymal transection may 
challenge the surgeon since it is not easy to con-
trol it during laparoscopy. A dry, bloodless opera-
tive field may be obtained by controlling the 
inflow by Pringle maneuver at the level of porta 
hepatis, outflow by decreasing the central venous 
pressure (by the anesthesiologist), and utilization 
of useful devices and appropriate techniques  
[10, 11].

The superficial parenchyma of the liver is best 
managed by “harmonic dissector.” The availabil-
ity of “laparoscopic cavitron ultrasonic surgical 
aspirator (CUSA)” at the operative field facili-
tates clean and clear parenchymal dissection and 
transection [10]. Division of minor vasculature 
may be done by harmonic dissector or vascular 
sealing devices; however, special care must be 
given to identifying biliary structures and clip-
ping them before dividing since division of bile 
ducts by sealing devices may not be safe and end 
up in bile leaks. Division of major vascular struc-
tures is best achieved and facilitated by linear 
vascular staplers.

For deep lesions invisible through the outer 
margins of the liver parenchyma, incorporation 
of laparoscopic ultrasonography to delineate the 
margins of the tumor and to identify the relation-
ship of the mass with the vascular and biliary 
structures may guide and facilitate safe dissec-
tion and vascular control [18]. Recently, radiofre-
quency (RF) precoagulation utilizing 50  W 
electrical power for approximately 40  min has 
been proposed to create a zone of coagulation 
necrosis around the tumor margins before the 
liver transection. Utilization of RF precoagula-
tion in LLS for malignant tumors resulted in 
favorable blood loss and no tumor recurrence 
[13].

“Hand-assisted laparoscopic procedure” is 
performed through a small incision below the 
xiphoid process to allow insertion of the sur-
geon’s hand inside the abdomen. A hand port is 
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then introduced through this incision. Following 
the creation of pneumoperitoneum, the inserted 
fingers or hand through the hand port offers the 
advantage of tactile feedback, while it facilitates 
laparoscopic dissection by retraction, mobiliza-
tion, and control of bleeding if necessary. After 
the completion of dissection, the hand port is 
removed, and the specimen is extracted through 
the incision [3, 8].

“The hybrid procedure,” which incorporates 
the advantages of minimally invasive techniques 
and smaller incisions for better cosmesis and 
faster recovery, involves mobilization of the 
liver by pure laparoscopy or hand-assisted tech-
nique after which either a small 8–12 cm mid-
line incision is made or hand port removed if the 
latter technique is utilized. Then, the traditional 
open techniques are used for parenchymal tran-
section, hilar dissection, and extraction of the 
specimen [6].

35.2.3  Conversion to Open Surgery

The need for conversion to open surgery basi-
cally is quite similar to conventional MIS; poor 
quality of view, inadequacy of exposure, ineffi-
cient dissection, fragile mass, prolonged opera-
tive time with the inability of making progress of 
the surgery, massive bleeding, and inability of 
control of bleeding or oozing are the main rea-
sons for conversion to laparotomy [3]. The con-
version rates are around 5–15% in the literature 
[3, 5, 6].

35.3  LLS for Cystic Lesions 
of the Liver

Cystic lesions of the liver may be congenital 
(nonparasitic) or acquired (parasitic, malignant, 
or traumatic).

Congenital hepatic cysts (CHCs) are very 
rare and tend to remain asymptomatic until 
adulthood. Therefore, the exact frequency of 
these lesions in pediatric age group is difficult 
to calculate [11, 16]. They are either discovered 

incidentally or if they cause symptoms, and it is 
estimated that only 10–40% of congenital cysts 
become symptomatic. Typical CHC is a solitary 
unilocular cyst located at segment V of the right 
lobe [16], but they can be multiple and/or multi-
locular as well. CHCs occur as a result of the 
abnormal development of the biliary tree; how-
ever, only 25% of them communicate with the 
bile system [10]. Unlike polycystic liver dis-
ease, CHCs do not have a genetic basis. 
Pathogenesis involves fluid accumulation and 
inflammation due to secretory epithelium [16]. 
Symptoms may vary depending on the location 
and the size of CHCs and include pain, nausea, 
as well as space- occupying symptoms such as 
gastroesophageal reflux, abdominal distention, 
obstructive jaundice, cholangitis, and even por-
tal hypertension [18, 19].

Although CHCs are being increasingly rec-
ognized owing to widespread use of imaging 
modalities such as ultrasonography, asymptom-
atic and small lesions do not require treatment 
[11]. Despite they are benign in nature, CHCs 
need to be followed closely for their growth and 
risk of malignant transformation [18]. Needle 
puncture and aspiration in an attempt for non-
operative treatment of CHCs are ineffective and 
associated with a 100% recurrence rate [1, 3] 
and should only be considered as a temporizing 
measure in the presence of acute and severe 
symptoms such as respiratory distress and 
infection [16].

Surgical options include fenestration, 
enucleation, resection, and internal drainage. 
The principle is to eliminate fluid-secreting epi-
thelium that can be achieved by either complete 
removal of the cyst walls or by internal drainage 
(i.e., cystogastrostomy or cystojejunostomy) if 
the cyst communicates with the biliary tree. 
Fenestration is a reasonable option provided 
that the cyst is close to the surface of the liver 
and has no connection with the biliary system. 
In this case, the fluid is absorbed by the perito-
neum. This is a simple procedure that does not 
require parenchymal dissection and is associ-
ated with low morbidity and recurrence rate 
which is reported to be around 0–38%. Adding 
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omentoplasty for the residual cavity reduces the 
recurrence rate [13].

Enucleation of liver cyst involves removing 
all the cyst epithelium. Puncture and aspiration 
of the cyst content under laparoscopic vision 
before starting enucleation reduces the pressure 
inside the cyst and may help identify the plane 
between the cyst and the parenchyma and ease 
the dissection (Fig.  35.1 and 35.2). Usually, 
there is a clear plane between the cyst and liver 
parenchyma (Fig. 35.3), and dissection is rela-
tively simple once in the correct plane, and com-
plete removal of the cyst is curative. Keeping 

close to the margins of the cyst wall during dis-
section and adhering to basic principles for 
hemostasis using adequate instruments allow for 
safe and bloodless surgery (Fig. 35.4).

Relative contraindications for LLS for CHCs 
include deeply located lesions within paren-
chyma not visible from the surface and associa-
tion with hilar structure due to increased risk of 
bleeding or injury to biliary system [17, 18].

Parasitic cysts of the liver mainly include 
Echinococcus granulosus infection, namely, 
hydatid cysts, and the manifestation is endemic 
in some countries in the Middle East and  
Asia. The hydatid liver cysts have a combined 

Fig. 35.1 An exophytic large, unilocular congenital liver 
cyst at the lateral sector of the liver

Fig. 35.2 Puncture of the cyst through the abdominal 
wall to aspirate and reduce the pressure inside the cyst to 
ease the dissection

Fig. 35.3 The clear plane between the cyst wall and the 
liver parenchyma can be easily seen and dissected once in 
the correct plane

Fig. 35.4 Complete removal of the cyst
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 management with albendazole and ultrasonog-
raphy-guided PAIR (Puncture-Aspiration-
Injection of a scolicidal agent-Reaspiration) 
techniques. However, indications for PAIR are 
limited, and not all hydatid cysts are suitable 
for this technique. Laparoscopic surgical treat-
ment is applicable in selected cases and 
involves injection of scolicidal agent under 
laparoscopic vision followed by opening of the 
cyst cavity, aspiration of its content, removal of 
the germinative membrane, and inspection of 
the residual cavity for biliary leaks. The proce-
dure may be performed using multi-port or 
single-incision laparoscopic surgical tech-
niques [14] depending on the site and the size 
of the cyst and the preference and the experi-
ence of the surgeon.

35.4  Left Lateral Sectionectomy

Lateral section (segments II and III) of the left 
lobe has a relatively smaller volume, unique 
and independent vascular anatomy, and more 
easily accessible position in the abdominal cav-
ity. Therefore, left lateral sectionectomy repre-
sents one of the most common laparoscopically 
performed liver resection procedures especially 
in adult series including for living related donor 
hepatectomies [5, 7]. Moreover, some go even 
one step further to propose laparoscopic 
approach as a gold standard for left lateral sec-
tionectomy [3].

For the left lateral sectionectomy procedure, 
the patient is given a 30° reverse Trendelenburg 
position. Left triangular and coronary ligaments 
are mobilized, and the round ligament is 
divided. Dissection of the left portal vein along 
the incisure of the round ligament exposes por-
tal venous branches and artery to segments II 
and III (Fig. 35.5) that are clipped and divided. 
Parenchymal dissection keeping to the left of 
the falciform ligament is carried out by har-
monic scalpel, vascular sealing devices, and/or 
CUSA, and bipolar cautery facilitates the 
hemostasis (Fig.  35.6). Left hepatic vein is 

divided by using endovascular GIA stapler 
(Fig. 35.7a, b).

A recent meta-analysis looking into the place 
of left lateral sectionectomy in the treatment of 
lesions occupying the left lateral sector has found 
that there were no significant differences in the 
operative time between open and laparoscopic 
procedures. On the other hand, blood loss and the 
need for blood transfusion were significantly 
lower, and hospital stays were significantly 
shorter in laparoscopic lateral sectionectomies. 
This also reflected to postoperative morbidity and 
mortality [15].

Fig. 35.5 Exposing the vascular supply to the left lateral 
sector of the liver

Fig. 35.6 Division of the liver parenchyma staying to the 
left of the falciform ligament
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35.5  Conclusion

The adoption of laparoscopic liver resections in 
pediatric surgery has been much slower than all 
other laparoscopic procedures given the fact 
that LLS requires expertise in both advanced 
minimally invasive techniques and liver sur-
gery, the risk and difficulty of controlling the 
bleeding as well as oncological drawbacks. 
However, with the introduction of adequate 
instruments and growing evidence concerning 
the benefits of LLS, the number of patients 
offered laparoscopic liver resections for benign 
and malignant conditions is increasing. 
Similarly, left lateral sectionectomy has become 
the procedure of choice for various conditions 
owing to its unique anatomical features. Within 
the last two decades when first laparoscopic 
liver resection was attempted in 1992, pediatric 
surgeons have become more and more inter-
ested in LLS, and the number of large pediatric 
series of laparoscopic liver resections is pro-
gressively increasing.
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36.1  Introduction

Choledochal cysts are rare congenital malforma-
tions with an incidence of approximately 
1:100.000–1:150.000  in Western countries and 
high geographical variations with a reported inci-
dence of 1:1.000 in Asian populations [1]. Diagnosis 
can be made during episodes with abdominal 
symptoms or as an incidental finding during 
abdominal ultrasound, and few reports on antenatal 
detections are available [2]. Diagnostics include 
laboratory controls of inflammatory and cholestasis 
parameters as well as sonography, CT scan, hepato-
biliary scintigraphy with Technetium 99 (HIDA), 
MRCP, or ERCP [1]. In our institution abdominal 
ultrasound is the only essential imaging. MRCPs 
are included in our diagnostic protocols in unclear 
cases, and ERCP and potential stenting are mainly 
restricted to patients with acute obstruction [3].

Acute symptoms of choledochal cysts 
include biliary obstruction and jaundice, chol-
angitis, and pancreatitis [4]. Besides the acute 
symptoms, there is an increased risk of malig-
nant transformations with an elevated incidence 

of cholangiocarcinoma and gallbladder carci-
noma in patients with choledochal cysts [5]. 
Untreated patients have a lifetime risk of up to 
30% [6], but this risk is significantly reduced by 
complete resection of the cyst. Nonetheless, the 
risk of malignant transformation is not restricted 
to the cystic area of the pancreatobiliary duct 
system and remains elevated especially in 
patients with resection of the cyst in adoles-
cence or adulthood.

In 1995 the first case report of laparoscopic 
choledochal cyst excision with reconstruction via 
hepatico-jejunostomy was published [7]. Since 
then, multiple reports have demonstrated that 
laparoscopic approaches are feasible and safe [8, 
9]. Biliodigestive anastomosis can be done with 
hepatico-jejunostomy or hepatico- duodenostomy, 
with no evidence of the superiority of any tech-
nique. Hepatico-duodenostomy is technically 
easier and faster but might be associated with a 
slightly higher risk of postoperative inflamma-
tion, i.e., due to biliary reflux [10]. As we con-
sider chronic inflammation as the main culprit of 
the increased malignant transformation, hepatico- 
jejunostomy is the preferred method in our 
institution.

Cyst excision should be performed shortly 
after diagnosis and in young children from 
3 months of age.

We recommend cyst excision in an interval 
without inflammation when no complications 
(e.g., cyst perforation, peritonitis) are present. 
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Patients with cholangitis or pancreatitis should 
undergo broad-spectrum antibiotics, and in cases 
of obstruction, ERCP and stenting has been help-
ful. Between inflammation and operative 
approach, a minimum interval of 6–8  weeks 
should be waited.

36.2  Preoperative Preparation

Informed consent includes counseling the par-
ents of the increased lifetime risk of malignant 
transformation. Few hours prior to premedica-
tion, patients receive bowel preparation with 
enemas to reduce the colonic content. During 
anesthetic induction antibiotic prophylaxis with 
ampicillin and sulbactam is given. Operation is 
performed under general anesthesia and endotra-
cheal intubation. A NG tube is placed for stom-
ach decompression. A transurethral catheter is 
optional.

36.3  Positioning

The infant patient is placed in supine position at 
the end of the operating table in a frog-leg posi-
tion, with minimal reclination at position of the 
xiphoid sternum (Fig. 36.1). Patients older than 
2 years are placed in supine position with lower 
limbs apart. The surgeon is positioned at the end 
of the operating table and in older patients stands 
between the legs. The cameraman is sitting on the 
left side of the surgeon, and the second assistant 
and the nurse are on the right side of the 
surgeon.

36.4  Instrumentation

A 30° endoscope is preferred for camera visual-
ization, which is inserted through an umbilical 5 
or 10 mm port, depending on patient’s age. Three 
additional ports (3.5 mm) are placed in the right 
abdomen, the left upper abdomen, and subxi-
phoid. Instruments for conventional, open sur-
gery should always be present in the OR, for the 
case of a necessary quick conversion.

36.5  Technique

Open insertion of a 5–10  mm umbilical trocar: 
we usually use a disposable balloon trocar. 
Insufflation with CO2 to establish a capnoperito-
neum of 8  mmHg throughout the operation. 
Insertion of the right abdominal trocar and the 
trocar in the left upper abdomen. The ligamen-
tum teres is then fixed to the ventral abdominal 
wall with a transcutaneous stay suture to elevate 
the liver, and a subxiphoid trocar is inserted 
(Fig.  36.2). During the first steps, the cranial 
adhesions of the ligamentum hepatoduodenale 
are released, and, thus, in a slight reverse 
Trendelenburg position of the patient, the space 
for the further preparation is created. When we 
have exposed the cyst, careful preparation usu-
ally with monopolar hook cautery along the cys-
tic wall from ventral to dorsal takes place until 
the cyst is released at its back side (Fig.  36.3). 
During this step one has to be aware that the com-
mon hepatic artery usually runs medially  adjacent 

Monitor #1

Camera assistant

Second assistant

Nurse
Surgeon

Fig. 36.1 Child is placed at the lower end of the operat-
ing table in a frog-leg position, with the surgeon posi-
tioned at the end of the operating table and in older 
patients stood between the legs. The second assistant is 
optional
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to the cyst, but variants, i.e., with a proximal sep-
aration and the left hepatic artery on the medial 
side and the right hepatic artery on the ventrolat-
eral side, frequently exist. On the dorsal side of 
the cyst, the preparation and separation from the 
portal vein can be difficult, especially in large 
cysts. In some cases it can be helpful to elevate 
the medial and lateral corner of the cyst with trac-
tion sutures. During this step cyst content is 
released and the cyst shrinks. With the traction 
sutures or after the complete circumference of 

the cyst has been freed, the cyst can be lifted up 
to completely mobilize it out of the pancreas 
(Fig. 36.4). This frequently involves mobilization 
of the cyst from the surrounding pancreatic tis-
sue. The thin distal choledochus is then closed 
with a ligature and cut. The cystic artery is 
ligated, and the gallbladder and cystic duct are 
completely mobilized. Then, the proximal part of 
the cyst is mobilized, and the hepatic duct is cut 
proximal to the cyst but with a little distance to 
the liver parenchyma. While cutting the duct tis-
sue, we usually pull it away from the liver, and 
one has to be aware that the tissue afterward 
retracts (Fig.  36.5). If the cyst reaches into the 
liver parenchyma, we resect as much as possible 
and perform the anastomosis on the hepatic sur-
face, similar to a Kasai portoenterostomy. If we 

Fig. 36.2 Trocar positions as preferred at our institution

Fig. 36.3 Mobilization of the choledochal cyst with 
monopolar hook cautery

Fig. 36.4 Distal part of the cyst with narrowing to the 
pancreas before dissection

Fig. 36.5 Complete (long-distance) mobilization of the 
hepatic duct
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are suspicious on stones or sludge, a small endo-
scope can be inserted into the bile duct, and an 
inspection and lavage are performed. However, in 
our patient collective stones are rare. The com-
pletely mobilized cyst is dissected from the 
hepatic duct and is then placed on the liver, for 
later removal.

For the creation of the Roux-en-Y loop, we 
identify a suitable part of the jejunum, approxi-
mately 10 cm distal to the ligament of Treitz. A 
polyglactin suture is placed to facilitate exterior-
ization of the loop and to mark the oral direction. 
The suture is grasped with an instrument intro-
duced via the umbilical trocar, and on the trocar, 
the umbilical incision is enlarged to easily exteri-
orize the intestinal loops. This has to be generous, 
as during the following steps, the temporarily 
impaired venous reflux results in an edematous 
swelling of the bowel. The jejunum is exterior-
ized. The Roux limb is ligated and the suture is 
left long. The jejuno-jejunostomy is performed 
extracorporeally approximately 20–30  cm dis-
tally. Care has to be taken to prevent misalign-
ment, as orientation can be difficult. The 
antimesenteric opening of the loop is closed, and 
the intestine is repositioned in the abdominal cav-
ity. Then, the fascia around the umbilicus is par-
tially closed and the trocar is reinserted. After 
re-insufflation, the Roux limb is identified by the 
long suture. To facilitate the retrocolic pull 
through of the Roux limb, the mesenterium of the 
transverse colon is incised with the monopolar 
hook, and through this opening, a grasper holding 
the long suture is introduced and pushed through 
the mesenterium. Another instrument takes the 
suture cranial of the transversum, and the opened 
grasper is retracted to create a sufficient opening 
for the Roux limb. The limb is then approximated 
to the porta hepatis. In cases with anastomosis of 
the right and left hepatic ducts with the loop, both 
ducts are first attached to each other and then are 
anastomosed to the loop. The end-to-site hepatico-
jejunostomy is started at the lateral position and is 
the performed with interrupted, counterclockwise 
polyglactin 5/0 sutures (Fig. 36.6). At this stage it 
is important to be aware of the hepatic bifurcation, 
as sometimes the distance is quite close and a 
suture could potentially obstruct one of the ducts. 

Sometimes, a lateral incision of the hepatic duct 
allows for an adequate width of the anastomosis, 
preventing an anastomosis stenosis. Finally, 
removal of the excised cyst and gallbladder 
through the umbilicus.

36.6  Postoperative Care

Following operation patients are referred to inter-
mediate care unit in our institution. After an 
uneventful period of 24 h, patients are transferred 
to the pediatric surgical ward. Enteral nutrition is 
started on the first postoperative day. Intravenous 
antibiotic therapy is continued until the third 
postoperative day, and an oral antibiotic (penicil-
lins with beta-lactamase inhibitors) is continued 
for another week. Analgetics are carefully 
reduced, and patients regularly show fast recon-
valescence. Patients are regularly discharged on 
the thirdtofourth postoperative day. The first fol-
low- up with the local pediatrician during the first 
week after hospital discharge includes abdominal 
ultrasound and laboratory controls of cholestasis 
parameters.

36.7  Results

Laparoscopic choledochal cyst resection with 
Roux-en-Y limb is the standard technique in our 
institution. The average length of surgery is about 
240 min. Numerous reports have shown equivalent 

Fig. 36.6 Performing the end-to-site hepatico-jejunostomy
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results in postoperative bile leak and anastomotic 
strictures comparing hepatico-jejunostomy and 
hepatico-duodenostomy following choledochal 
cyst excision. However, a recent meta- analysis by 
Narayanan et al. presented higher rates of cholan-
gitis and bile reflux following hepatico-duodenos-
tomy [10]. Conversion rates in large cohorts were 
lower than 1% [12]. In conclusion, laparoscopic 
cyst excision has proven to be a safe and feasible 
technique with a high learning curve.

36.8  Follow-Up

The Hannover follow-up protocol includes yearly 
follow-ups during childhood with clinical check-
ups and laboratory controls such as cholestasis 
parameters and abdominal ultrasound in a spe-
cialized pediatric gastroenterology center. 
Entering adulthood, laboratory parameters 
should include yearly CA 19-9 controls for early 
diagnostics of malignant transformation [11].

36.9  Tips and Tricks

The trocars should not be positioned caudal of 
the umbilicus to facilitate exposition of the distal 
part of the cyst.

An adequate expansion of the umbilical inci-
sion is recommended. We perform an S-shaped 
transumbilical incision with which the fascial 
opening can be further stretched. Alternatively, 
an infraumbilical approach can be used.

Traction sutures on the edges of the cyst may 
facilitate the preparation on the dorsal side of the 
cyst and help to mobilize the cyst out of the 
pancreas.

Marking the Roux limb with a long suture 
simplifies finding the window through the trans-
verse mesocolon.

36.10  Discussion

Since the first description of laparoscopic chole-
dochal cyst excision, multiple advances in tech-
nique and equipment have made it the standard 

technique in centers of excellence. Various ret-
rospective analyses since then have reported on 
the advantages of laparoscopic cyst excision 
such as a shorter hospital stay, faster recovery of 
bowel functions, and a lower rate of intraopera-
tive (e.g., bleeding and blood transfusion) and 
postoperative complications (e.g., pancreatitis) 
compared to open, conventional surgery. 
However, the operation time was longer in lapa-
roscopy [8, 9].

Today, both hepatico-jejunostomy and 
hepatico-duodenostomy are regularly per-
formed in different centers, and high-level evi-
dence recommending one or the other is lacking. 
Although hepatico-duodenostomy is faster 
compared to the hepatico-jejunostomy, in a 
recent review, data showed equivalent outcomes 
for postoperative bile leak and anastomotic 
strictures, while rates of cholangitis and bile 
reflux were higher following hepatico-duode-
nostomy [10, 12, 13]. An important aspect of 
the outcome after resection of a choledochal 
cyst is the increased rate of malignant transfor-
mations [14]. While it was hypothesized that 
complete cyst excision eliminates cancer risk, 
reports on malignancies decades after (com-
plete) cyst excision cumulate [15]. As we con-
sider chronic local inflammation of the main 
culprit of the increased risk of delayed malig-
nancies, we prefer in our institution the recon-
struction via hepatico-jejunostomy.

As a caveat, the interval between resection 
and malignancy is quite long, and therefore fol-
low- up reports on malignancies following cyst 
excision during infancy are missing. No malig-
nant transformation after laparoscopic approach 
is known; nonetheless regular and lifelong 
follow- ups are necessary for early identification 
of potential cancer manifestations [11].

Several modifications of the laparoscopic 
techniques have been reported to be feasible, 
such as single-incision laparoscopic cyst excision 
and robotic-assisted cyst excision, but are not yet 
widely applied [16, 17].

In conclusion, laparoscopic resection of a cho-
ledochal cyst is a safe and feasible technique 
showing excellent results in the hand of laparo-
scopic experienced surgeons.

36 Laparoscopic Management of Choledochal Cyst
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Laparoscopic Cholecystectomy

Naved Kamal Alizai

37.1  Introduction

The first ever cholecystectomy on record was 
performed on July 15, 1882, by Carl Johann 
August Langenbuch (1846–1901) at Lazarus 
Krankenhaus in Berlin [1]. Few years earlier, on 
July 15, 1867, John Stough Bobbs of Indianapolis 
had performed a cholecystostomy on a 30-year- 
old woman with ovarian cancer [2]. It was over 
100  years later, in Germany again, that Erich 
Mühe of Boblingen performed the first laparo-
scopic (Fig. 37.1) cholecystectomy [3]. This was 
a turning point for minimal access approach in 
general surgery. Another major advance, which 
helped the surgeons, was the development of a 
laparoscopic clip applicator with multiple clips. 
Dr. Mühe had to overcome a lot of hurdles before 
his technique was being recognised and adopted 
by other surgeons. He submitted his article to The 
American Journal of Surgery in 1990 but was 
rejected. His article never got published in 
English literature. The procedure was performed 
on September 12, 1985, with the help of a side- 
viewing endoscope and an instrumentation chan-
nel through the umbilicus. Eventually, his work 
was rewarded by him receiving the German 
Surgical Society Anniversary Award with praises 
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Fig. 37.1 Galloscope-Laparoscope invented by Erich 
Muhe and used in the first Laparoscopic Cholecystectomy

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-00964-9_37&domain=pdf
mailto:Naved.Alizai@nhs.net


272

like “One of the greatest achievements of German 
medicine in recent history.”

Over the years laparoscopic cholecystectomy 
has become the rule rather than the exception. 
Since the advent of laparoscopic cholecystec-
tomy, where the first procedure took many hours 
and an inpatient hospital stay, it has become a 
day-case procedure with an operating time of lit-
erally a few minutes in experienced hands. The 
complication rates reported for laparoscopic 
 cholecystectomy are reassuringly low. In adult 
practice, this procedure is the cardinal procedure 
used for teaching and training, and most laparo-
scopic cholecystectomies are performed by 
trainees as an emergency procedure, just the way 
an appendicectomy is performed in paediatric 
practice.

In paediatric practice gall bladder disease is 
not common, and a laparoscopic cholecystec-
tomy procedure is considered to be a moderately 
complicated procedure. Paediatric cholecystecto-
mies are generally performed by the consultants 
or trainees, supervised by a consultant.

37.2  Indications 
of Cholecystectomy

The remit of this chapter does not include a 
detailed discussion of the pathology and indica-
tions for a cholecystectomy. Gall bladder disease 
in children may be picked up incidentally or may 
present with symptoms of gall bladder disease or 
as with a complication. The commonest indica-
tion for cholecystectomy in the paediatric group 
is symptomatic gall stones. However, cholecys-
tectomy may be required for gall bladder polyps 
(larger than 1 cm) and biliary dyskinesia (very 
rare). The patient may present with acute or 
chronic symptoms. Cholecystectomy may also 
be required for acalculous cholecystitis, 
Mirizzi’s syndrome and suspected gall stone 
pancreatitis, even if there are no more stones left 
in the gall bladder following the episode of 
pancreatitis.

Absolute contraindications (gall bladder car-
cinoma, uncorrected coagulopathy) are very rare 
in paediatric practice, while relative contraindi-

cations (previous abdominal surgery, Mirizzi’s 
syndrome type 2, porcelain gall bladder, chole-
cystoenteric fistula) depend on the experience of 
the operator.

In author’s department, cholecystectomy is 
not offered for incidentally picked up asymptom-
atic cholelithiasis. In his experience (unpublished 
data), between 7 and 10% of asymptomatic gall 
stone patients will present with symptoms at 
some stage, requiring cholecystectomy.

37.3  Preoperative Considerations

Most paediatric laparoscopic cholecystectomy 
procedures are elective procedures. It is less com-
mon to perform emergency cholecystectomy in 
paediatric practice.

Once the patients are placed on the waiting 
list, they are assessed for any possible comorbidi-
ties and anaesthetic risks. Most patients will have 
investigations looking for the cause of underlying 
pathology requiring necessitating cholecystec-
tomy. In general we perform a full blood count, 
coagulation screen and liver function test prior to 
the surgery. A group and save is usually not 
required. However, in units where cholecystec-
tomy is not performed routinely or there is a risk 
of delay in arranging blood for transfusion, a 
group and save or cross-match may be required.

Most children would have had at least an 
ultrasound of their biliary system at some stage. 
In author’s unit, it is a routine practice to perform 
a preoperative biliary ultrasound in symptomatic 
patients to confirm or exclude biliary duct stones. 
This scan is performed the day before or in the 
morning of the surgery. In asymptomatic patients 
an ultrasound is not required in the immediate 
preoperative period.

Antibiotics are not generally used. However, 
if there is a need for exploration of the ducts or 
operative cholangiogram, then either cephalo-
sporin or co-amoxiclav is the antibiotic of choice.

It is crucial for the anaesthetist to pass a reason-
able size nasogastric tube. As for any other laparo-
scopic procedures, we request our anaesthetist to 
relax the patients and avoid bagging on induction. 
The nasogastric tube is aspirated regularly and put 
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on free drainage. The nasogastric tube should not 
be left spigotted. It is also important to make sure 
that the nasogastric tube is not passed too far into 
the stomach or the duodenum as the curve of the 
nasogastric tube can make the duodenum bulge 
towards the porta hepatis, which affects the field 
of view during surgery. During the procedure, if 
the stomach is seen to be distended, the anaesthe-
tist is asked to aspirate the nasogastric tube. These 
measures keep the stomach empty and stop the gas 
passing into the small and large bowel, which can 
make the procedure difficult.

37.4  Instrumentation

A combination of reusable or disposable instru-
ments can be used. The author prefers to use a 
size 10 telescope as it provides a far superior 
image as compared to size 5. Depending upon the 
size of the patient, 5- or 3-mm instruments are 
used. The main instruments generally used for a 
laparoscopic cholecystectomy include the 
following:

• Maryland forceps
• Johann’s graspers
• Hook dissector
• Scissors
• Clip applicator
• Snake retractor and/or fixed retraction 

(Nathanson liver retractor—Cook Medical)
• 5 or preferable 10 mm 30° telescope
• Cannulae and obturators

37.5  Procedure

The patient is placed supine on the table. Some 
surgeons prefer to break the table at the xiphister-
num level or place a bag under the lower thoracic 
region. However, in author’s opinion, such mea-
sures can make the procedure difficult. However, 
raising the head-end of the table does help to 
encourage the bowel to migrate towards the pel-
vis. If a fixed retraction is used, it is important to 
tilt the table first before fixing the arm to the table 
because some tables may not move in harmony 

with the arm of a fixed retractor, which can cause 
damage to the tissues being retracted. It is wise to 
place the patient on the table in a way which will 
allow imaging, in case an on-table cholangiogra-
phy is performed, even if one was not deemed 
necessary.

The conventional approach involves four ports 
(Fig. 37.2). The primary port insertion is through 
an infra-umbilical curved incision using Hasson’s 
(open) technique. The abdominal pressure is kept 
between 8 and 12  mmHg. The insufflation rate 
depends on the size of the patient. It is a safe 
practice to keep the insufflation rate low, between 
0.5 and 1.5 L/min. If the equipment is used jointly 
by adult surgeons or the gynaecologist, it is not 
unusual for the insufflation pressures to be set at 
high, and it is crucial for the paediatric surgeons 
to check the insufflation rate and pressures before 
each use. The other three ports are inserted under 
direct vision. Two of the ports are for the operator 
and the third port is for retraction. The position of 
the working ports depend on the size of the 
patient. In an adult size patient, the port used for 
operator’s right hand is below the costo-chondral 
junction to the left side of the midline, and the 

5

5
5
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Fig. 37.2 Trocar position to perform a laparoscopic 
cholecystectomy
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left-hand port is in the mid-clavicle line at a level 
midway between the costal margin and the level 
of the umbilicus. In a small child, the right-hand 
port is moved further laterally and inferiorly, and 
the left-hand port can also be moved further down 
to give more operating space.

The retraction can be performed using a snake 
retractor, which is held by an assistant, or attached 
to a fixed arm. If using an assistant to hold the 
snake retractor, the port is inserted near the right 
iliac fossa with the port insertion facing towards 
the gall bladder so that there is no traction and 
displacement of the tissues when the port is being 
held with the retractor. If the port insertion direc-
tion is not in the direction where the port will be 
facing during surgery, it can cause undue traction 
on the wound and increased pain and worse 
scarring.

The surgeon stands on the left side of the 
patient. The assistant stands on the right side 
and can hold the camera in the right hand and 
the retractor in the left hand. If the assistant is 
not experienced, then two separate assistants 
may be required: one to hold the camera, who 
can stand on the left side of the patient behind 
the surgeon, and the other assistant, holding the 
retractor, will stand on the right side of the 
patient. The nurse can stand on the right side of 
the patient as there will be more space for the 
nurse and the trolley on the right side.

If using a fixed retraction, a Nathanson retrac-
tor can be used. The Nathanson comes with dif-
ferent size blades and is inserted through the right 
subcostal stab incision. The angled part of the 
retractor lifts the right lobe and porta and should 
be positioned so that it does not impinge on the 
gall bladder. In our experience dynamic snake 
retractor is more versatile since it can be moved 
to where more retraction is required; however, it 
does need an assistant.

In adult practice surgeons prefer retraction 
using Johann’s grasping forceps. The grasping 
forceps holds the fundus of the gall bladder and 
pulls it above the liver, thus retracting the gall 
bladder and the liver and opening the triangle of 
dissection. In author’s opinion, this technique, 
known as the Reddick-Olsen [4], is a potentially 
unsafe technique in the paediatric group. In 

adult patients most of the cholecystectomies are 
performed for cholecystitis, in which the gall 
bladder wall is fairly thick. In the paediatric 
group, most of the cholecystectomies are per-
formed for gall stones or possibly gall bladder 
polyps in which the gall bladder wall is not 
thick. If the gall bladder fundus is held by Johann 
and pushed above the liver to retract the liver, 
the gall bladder can rupture. In most cases this 
retraction is performed by a junior doctor, and 
the camera and operator are not looking at this 
site as they will be concentrating on the dissec-
tion which starts in the porta hepatis. The retrac-
tion of the fundus is out of the field of view of 
the camera, and any undue push by Johann’s 
grasper will damage the gall bladder. Having 
said that, in some situations Hartmann’s pouch 
may not be obvious or can be quite oedematous 
and thick because of infection or it could be 
compacted with stones, which will make it 
impossible to hold. In this scenario the body or 
fundus retraction may be necessary.

The surgery proceeds with initial evaluation of 
the abdomen and pelvis, and the dissection starts 
by retraction of Hartmann’s pouch  performed by 
operator’s left hand using Johann’s grasper. The 
lateral GB traction with a grasper and counter- 
traction of the liver with the liver retractor opens 
Calot’s triangle and the triangle of the dissection. 
The triangle of the dissection is the area between 
the liver and the gall bladder and the upper mar-
gins of the cystic artery and sometimes cystic 
duct. The operator starts by removing any con-
genital or inflammatory adhesions between the 
omentum and the gall bladder by using with 
monopolar hook dissector. Scissors may be used, 
on a monopolar with spreading and cutting. The 
visceral peritoneal layer is incised close to 
Hartmann’s pouch and the underlying fat dis-
sected to expose the cystic duct and the cystic 
artery. In most cases the cystic duct is inferior to 
the cystic artery and can be exposed before the 
cystic artery. It is quite common for the cystic 
duct to take a tortuous course, where it arises 
towards the porta hepatis, before turning inferi-
orly to join the common hepatic duct. It can travel 
adjacent to the right hepatic duct. The pulsations 
of the cystic artery may be visible and guide the 
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operator. The cystic artery usually arises from the 
right hepatic artery and divides into the anterior 
and posterior cystic arteries. It is not unusual for 
it to arise from the left or even the main hepatic 
artery. On occasions the anterior and posterior 
cystic arteries arise separately from different 
sources. It is important for the operator to be 
aware of the possible variations anomalies. It is 
useful to expose the cystic artery and the cystic 
duct before ligating/stapling or cutting.

It is crucial to confirm that the cystic duct is 
connected to Hartmann’s pouch. The dissection 
should stay close to Hartmann’s pouch where it 
joins the cystic duct. It is not uncommon for the 
cystic duct to be very short and stubby, and per-
forming dissection away from Hartmann’s pouch 
carries a danger of incorrectly assuming that the 
duct entering that area is the cystic duct as in 
cases of a short cystic duct the common hepatic 
duct may give the impression that it is a cystic 
duct and can be ligated or damaged inadver-
tently. Depending upon the availability of the 
instrumentation and experience of the surgeon, 
the cystic duct and cystic artery can either be 
clipped using commercially available clip appli-
cators, they can also be ligated or transfixed. If 
using clip applicators, most applicators are 
inserted through a 5-mm port. Some of the clip 
applicators can fire clips which although can be 
inserted through a 5-mm port but fire 8-mm 
clips, which is useful for a dilated cystic duct. If 
the cystic duct is large, it can be ligated first and 
then clipped. Ligation helps to reduce the size of 
the duct. There are single mounted clips which 
can go around bigger ducts.

Once the cystic duct and cystic artery is 
clipped and cut, the rest of the dissection involves 
lifting the gall bladder from the gall bladder 
fossa. The safest and easiest way is to use a 
monopolar hook. The dissection is facilitated by 
retraction of the gall bladder. If the gall bladder is 
not retracted appropriately to make the tissues 
tense, the monopolar dissector will cause char-
ring and will not cut properly. Charring of the tis-
sues will make the anatomy obscure. It is 
important to stay close to the wall of the gall 
bladder if possible. This is to avoid damage to the 
duct of Luschka, which if present travels in the 

gall bladder fossa and can enter the right hepatic 
duct, the left hepatic duct and sometimes the cys-
tic duct. If the duct of Luschka gets damaged, it 
may not be apparent straight away, and it can 
cause bile leak in the post-operative period. The 
left-hand grasper holding the gall bladder can be 
rolled, known as the spaghetti manoeuvre [5] 
which reduces the need to pull the hand too far 
away from the gall bladder fossa to apply appro-
priate traction.

Once the gall bladder is detached from the gall 
bladder fossa, examination of the gall bladder 
fossa and porta hepatis is performed. Any small 
bleeding areas on the liver surface can be touched 
with diathermy. It is important to examine the 
cystic duct and cystic artery to make sure that the 
clips have not been dislodged during the 
dissection.

The gall bladder can be removed using a com-
mercially available retrieval bag. In author’s 
department, we tend not to use a bag unless nec-
essary. The author removes the gall bladder 
through the umbilical port site, which is the big-
gest of all. The neck of the gall bladder is held by 
Johann’s forceps and directed towards the camera 
port while looking at it with the telescope. Once 
the neck or the instrument is in the port, the port 
is gradually pulled out, and the gall bladder neck 
held with a clip externally and gradually pulled 
out on the surface. If the gall bladder is large, it 
can be aspirated by opening or with a syringe, 
making sure not to drip any bile into the wound 
or in the abdomen. The wound can be packed 
with a gauze swab. Sometimes, the gall bladder is 
full of stones which can be removed under vision 
using a small forceps before gradually pulling the 
gall bladder out completely. The umbilical port is 
closed using a box stitch for the fascia with 2/0 
(or smaller) absorbable multifilament suture. The 
5-mm ports are removed, and deep muscle 
stitches placed using absorbable multifilament 
sutures. If there has been any bleeding during 
surgery that can be sucked out or washed with a 
warm saline. A nasogastric tube is left in for the 
post-operative period, which can be removed on 
the ward once the child is able to drink and eat. 
Most children are able to drink, eat and mobilise 
the same day.
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37.6  Single-Port Cholecystectomy [6]

Over the years there has been an increased inter-
est and experience in single-port cholecystec-
tomy. Single-port technique employs the use of 
commercially available gel ports which are 
inserted through a 2.5 cm incision. One of the 
limitations of single-port technique is the fact 
that the instruments which are curved have to be 
inserted to a certain length for them to be effec-
tive. If the abdominal cavity is small, it makes 
the use of crossed/curved instruments difficult. 
Stab wounds to the umbilical fascia for curved 
or straight instruments is an option. The use of 
straight instruments requires quite intricate 
movements which are difficult to learn, however 
feasible in experienced hands. The fact that 
most of the dissection is performed in a very 
small area makes this procedure suitable for a 
single-port technique using straight 
instruments.

37.6.1  Notes

Natural Orifice Transluminal Endoscopic 
Surgery was actively taken up by some progres-
sive people. However, it is too early to say 
whether this approach will be used in paediatric 
practice. Although gastrointestinal system has 
been used for a NOTES cholecystectomy, most 
NOTES cholecystectomies are performed 
through a transvaginal approach. The first trans-
vaginal cholecystectomy was performed by 
Zorrón et al. in 2007, from Rio de Janeiro [7]. A 
recent article published in Gastrointestinal 
Endoscopy compared transvaginal NOTES cho-
lecystectomy with laparoscopic cholecystectomy 
and found that patients experienced less pain 
with NOTES [8]. However, there was an 
increased risk of adverse events following 
NOTES (bleeding in two patients, gall bladder 
rupture in one). Although transvaginal NOTES 
cholecystectomy is gaining increasing accep-
tance in adult practice and is an attractive alter-
native to cholecystectomy in female patients, it is 
unlikely that it will be adopted in the paediatric 
population.

37.7  Small Calibre Instrument 
Cholecystectomy [9]

The advantages of minimal access surgery are in 
part due to its minimal invasiveness. If proce-
dures could be performed using finer-caliber 
instruments, these advantages could be ampli-
fied. In 1998 Kimura developed 3-mm caliber 
instruments and performed laparoscopic chole-
cystectomy in 20 patients using one 5-mm and 
two 3-mm instrument ports. The results were ret-
rospectively compared with those of standard 
laparoscopic cholecystectomies. The operating 
time was 107.2 ± 50.0 min, there were no compli-
cations, the number of doses of analgesia required 
was 0.80 ± 0.83, and post-operative hospital stay 
was 4.9 ± 1.2 days, which was not significantly 
different from the standard laparoscopic chole-
cystectomy. At 6  months post-operatively, the 
scars were smaller. They did not find that the sur-
gery using fine-caliber instruments was more dif-
ficult than standard laparoscopic procedure.

37.8  Difficult Situations

It is imperative that the surgeon performing lapa-
roscopic cholecystectomy is familiar with biliary 
anatomy and its variations and anomalies. The 
reader is referred to the Atlas of Biliary Anatomy. 
Difficult or challenging situations may arise dur-
ing cholecystectomy due to a variety of reasons. 
The difficulties can be due to patient factors like 
obesity, aberrant biliary or vascular anatomy, het-
erotaxia and situs inversus, preduodenal portal 
vein, difficult acute pathology and on occasions 
non-availability or inappropriate size of the 
instruments, especially for small children.

Bleeding: One of the drawbacks of minimal 
access approach is the fact that any bleeding 
visualised by the camera is exacerbated because 
of the enlarged picture. Although injury to major 
vasculature is possible, most bleeding happens 
from small vessels which can be stopped with 
diathermy or pressure. It is always useful to clip 
and cut the cystic artery before dissecting the gall 
bladder. In the event of bleeding from a branch of 
a cystic artery on the gall bladder wall, away 
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from the porta hepatis, which can be encountered 
in a difficult case and retrograde dissection, the 
bleeding area can be held with an instrument and 
diathermy applied blindly. In situations where a 
bleeding point is close to the porta hepatis or not 
visualised and/or obscured by a pool of blood 
pressure can be applied with a swab inserted 
through one of the ports. It is possible to insert a 
5 × 5 swab or a dental pack through the port. The 
pressure can be applied for few minutes after 
which the area is washed and sucked to visualise. 
Another option is to use a haemostatic agent 
which works on intrinsic and extrinsic mecha-
nisms for haemostasis. This approach will also 
require pressure on the area for a few minutes. 
After waiting for few minutes, the excess mate-
rial can be washed away and dissection com-
pleted. On very few occasions where the surgeon 
finds it difficult to stop the bleeding, pressure 
should be applied using a small swab, while help 
should be asked for, and conversion to open tech-
nique is recommended.

Infection: In a very small percentage of chil-
dren, a cholecystectomy is performed for acute or 
chronic cholecystitis. The role of antibiotics in 
acute cholecystitis is not clearly established; 
however, our practice is to give antibiotics at the 
time of diagnosis of the acute condition. The anti-
biotics are continued for a period of 48–72 h after 
surgery. In adult practice there is evidence from 
meta-analysis that the complication rates in 
patients undergoing early operation for acute 
cholecystitis are not significantly different to the 
ones undergoing late procedures [10].

In acute or chronic cholecystitis, it may be dif-
ficult to dissect cystic duct and cystic artery. In 
such conditions retrograde cholecystectomy 
approach can be employed. If performing a retro-
grade (fundus-down/fundus-first) cholecystec-
tomy, it is crucial to continually evaluate and 
examine the relationship of the porta hepatis and 
dissection, as it is not difficult to dissect too far 
towards the porta hepatis without realising. In 
extreme conditions, where neither retrograde nor 
antegrade dissection is possible, the technique of 
sub-total cholecystectomy, used in open surgery, 
can be adopted for laparoscopic cholecystec-
tomy. In this technique the gall bladder is 

aspirated and opened. If there are any stones in 
the gall bladder, it is advisable to insert a small 
bag or finger of a glove to catch all the stones in 
the bag. The gall bladder is cut in the middle 
using a diathermy. The wall of the gall bladder 
attached to the liver can be left in place. The gall 
bladder is visualised from inside and dissection 
of the wall extended slowly towards the cystic 
duct entry site. Once the cystic duct entry site is 
reached, a non-absorbable purse string suture can 
be applied from within the gall bladder to occlude 
the lumen of the cystic duct. In this approach it is 
not necessary to dissect the cystic artery, since 
the small branches of the cystic artery would 
have been occluded and dissected while cutting 
the gall bladder wall with the diathermy.

Biliary Problems: Bile ducts can be injured 
during cholecystectomy. In paediatric practice 
the ducts are fairly small in size. Although repair 
of a duct is possible, especially if only one side 
of the wall is breached, there is a high risk of bili-
ary leak and stricture. T-tube repairs are not fre-
quently employed in paediatric practice; 
however, it is a time-proven technique, which 
can be used in such situations. In paediatric prac-
tice the size limitations of T-tube is a drawback. 
If the injury happens due to diathermy, it can be 
quite extensive. The safest approach to repair a 
damage to the common bile duct, hepatic ducts 
or the common hepatic duct is to create a Roux-
en-Y hepatico-jejunostomy. In experienced 
hands this can be performed by laparoscopic 
techniques; however, if the surgeon has not per-
formed laparoscopic choledochal cyst proce-
dures, the safest approach would be to convert 
and perform hepatico-jejunostomy as an open 
procedure.

Access: Paediatric patients come in all sizes 
and shapes, ranging from very emaciated chil-
dren who have thin abdominal wall and limited 
fat in their omentum to obese teenagers who have 
the physical attributes of large adults. All tech-
niques need to be adjusted according to their size 
and habitus of the patient. In difficult cases it is 
recommended to insert further ports to retract 
and help the dissection.

Biliary Stones: In author’s department, 
all symptomatic children undergoing 
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cholecystectomy undergo a preoperative ultra-
sound following admission for cholecystectomy. 
If stones are noted in the bile ducts, the simplest 
approach to deal is to perform cholecystectomy 
and ERCP at two separate settings. It is not nec-
essary to be regimental about the sequence of the 
ERCP and cholecystectomy procedures. The 
sequence may depend upon the local condition in 
the department. The author prefers to perform 
cholecystectomy first, simply because it may be 
possible to flush the biliary duct stones at the 
time of cholecystectomy. The instruments avail-
able for bile duct exploration are large in size and 
not suitable in paediatric practice. There is a high 
risk of damage to the biliary duct by the blind use 
of forceps. Flushing the duct using saline may 
flush the sludge and dislodge the stones. A gentle 
suction using a nasogastric tube inserted through 
the cystic duct can also suck sludge and the stone 
and/or may push the stone through the sphincter 
into the duodenum. Any attempts at laparoscopic 
bile duct exploration should be taken with 
extreme precaution and only by highly experi-
enced surgeons [11].

An operative cholangiogram can be performed 
by using a Kumar clamp® (KC-002 Fig.  37.3) 
(Nashville Surgical Instruments) which consists 
of a Johann-shaped grasper with a lumen for a 
cholangiogram catheter (Fig. 37.3). The lumen is 
directed such that once the grasper is applied at 

Hartmann’s pouch the catheter inserted through 
the channel will enter Hartmann’s pouch for the 
injection of the contrast. The grasper stops the 
contrast from entering the gall bladder. If a 
Kumar clamp is not available, Johann’s grasper 
could be inserted through a 5-mm port. The 
Johann should be applied at the junction of 
Hartmann’s pouch and the gall bladder and can 
be left to stand on its own on a ratchet. Following 
this, a catheter or a long (spinal) needle can be 
inserted directly through the abdominal wall and 
with the help of another instrument can be guided 
into Hartmann’s pouch for the injection of the 
contrast. It is important to make sure there are no 
air bubbles in the catheter or the syringe, and the 
catheter and the syringe and the needle are pre- 
flushed with the contrast material.

Carcinoma: Carcinoma of the biliary system 
and gall bladder is extremely rare in paediatric 
practice. The author has the experience of one 
patient who presented with a carcinoma of the 
cystic duct, blocking the gall bladder. In a situa-
tion like this, there may be unusual findings in the 
ultrasound, which may include space-occupying 
lesion or a mass filling the lumen of the gall blad-
der or the biliary ducts. The gall bladder wall or 
the biliary duct wall may be thickened. 
Calcifications may be noted in the wall of the 
biliary system. In most cases the gall bladder can-
cers are discovered in the operating theatre [12].

37.9  Outcomes

A large review based on 80,000 cases worldwide 
between 1990 and 1998 has suggested an overall 
mortality rate of 1.2% following laparoscopic 
cholecystectomy. The morbidity rate was around 
7%, while 5% of the cases were converted to 
open based on the 14 studies reviewed. The mean 
length of stay was 1.8 days with a mean return-
to-work time of 6 days [12].

In another review in 2005 of 1674 consecutive 
laparoscopic cholecystectomies, Misra [13] and 
colleagues reported the following complications:

• Cystic duct leaks 0.63%
• Duct of Luschka leaks 0.52%

Fig. 37.3 An operative cholangiogram can be performed 
by using a Kumar clamp®(KC-002 Fig.  1) (Nashville 
Surgical Instruments) which consists of a Johann-shaped 
grasper with a lumen for a cholangiogram catheter. The 
lumen is directed such that once the grasper is applied at 
Hartmann’s pouch the catheter inserted through the chan-
nel will enter Hartmann’s pouch for the injection of the 
contrast
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• Post-operative haemorrhage 0.42%
• Wound infection 0.94%
• Wound herniation 1.4%
• Deep vein thrombosis 0.31%

The serious complications of laparoscopic cho-
lecystectomy include bile duct injury, bile duct 
leaks, bleeding and bowel injury. Most of these 
complications happen because of poor patient 
selection, surgical inexperience or technical con-
straints. One should know their limits, and if a 
safe dissection cannot be ensured laparoscopi-
cally, early conversion to an open approach should 
be accepted as the proper course.

A national survey of 2292 hospitals, per-
formed in the USA, analysing over 77,000 
cases, suggested that laparotomy was required 
for the treatment of complication in 1.2% of 
cases [14]. The mean rate of bile duct injury was 
0.6% and was significantly lower at institutions 
that had performed more than 100 cases. In half 
of the cases, bile duct injuries were recognised 
in the post-operative period and frequently 
required anastomotic repair. Intraoperative 
cholangiography was practised selectively by 
52% of the respondents and routinely by 31%. 
Bowel and vascular injuries occurred in 0.14% 
and 0.25% of cases, respectively, and were the 
most lethal complications. Post-operative bile 
leak was recognised in 0.3% of patients, most 
commonly originating from the cystic duct. 
Eighteen of 33 post-operative deaths resulted 
from operative injury. Data suggested that cho-
lecystectomy performed laparoscopically was 
associated with a low risk of morbidity and 
mortality but a significant rate of milder injury. 
It also suggested that there is limited scope for 
an occasional surgeon to perform biliary 
procedures.

37.10  In Summary

Laparoscopy has revolutionised cholecystec-
tomy. The technique has a low risk of complica-
tions, which is further lowered if the surgeons 
performing the technique have high throughput 
of cases.

The spectrum of cholelithiasis and cholecysti-
tis is changing in children, and cholecystectomy 
is becoming an increasingly common procedure 
in children [15]. In paediatric practice we cannot 
apply the same techniques of dissection used for 
adult patients. In centres with access to robotic 
programme, cholecystectomy is being performed 
robotically with superior outcomes (personal 
experience).
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Laparoscopic Pancreatic Surgery

David C. van der Zee

38.1  Introduction

Pancreatic tumors in children are rare [1]. A 
38-year retrospective single-institute study 
revealed only 14 patients with pseudopapillary 
neoplasms being the most frequent with 6 cases, 
followed by insulinoma (N = 3). There were two 
neoplastic tumors. Furthermore focal or diffuse 
hyperinsulinism in infancy may be encountered 
[2, 3].

Depending on the underlying tumor, symp-
tomatology may vary from pain to symptoms 
related to hypoglycemia, such as lethargy, sei-
zures, and drowsiness [4].

Diagnostic assessment comprises ultrasound 
and CT scan preferably combined with 
18FDOPA-positron emission tomography 
(PETscan) [5].

In children with congenital hyperinsulinism 
initially, medical treatment may be undertaken 
with diazoxide and/or octreotide, but in case of 
failure of medical treatment, surgical approach is 
warranted [1, 2, 4].

38.2  Preoperative Preparation

All patients receive a rectal washout or clysma 
the evening before surgery to empty the fore 
lying colon. The procedure is performed under 
general anesthesia with muscle relaxants to 
ensure proper insufflation without too high pres-
sures. If necessary for frequent glucose determi-
nation, an arterial line is added. A urine catheter 
is inserted when a prolonged procedure is to be 
expected. No antibiotics are indicated.

38.3  Positioning

The patient is placed in a supine position, in 
smaller children at the lower end of the table with 
the legs bent in a frog position. The surgeon 
stands at the feet of the operating table with the 
assistant at his right side and the scrub nurse on 
his left. The monitor is above the head of the 
patient.

38.4  Instrumentation

A 5 mm trocar is placed in the umbilicus for the 
camera. Two to three 3½ mm reusable trocars and 
instruments are used: two Maryland graspers, 
monopolar hook, scissors, flexible retractor if 
necessary, and suction device. In more extensive 
dissections/resections, a 3 or 5 mm sealing device 
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can be used and a retrieval bag for taking out the 
specimen. Nowadays also a 5  mm stapler is 
available.

38.5  Technique

The first 5 mm trocar is placed in the lower crease 
of the umbilicus through an open technique to 
allow later retrieval of the specimen. The trocar is 
fixed to the fascia with a suture Vicryl 2×0. A 
silastic tubing can be placed over the trocar to 
prevent sliding of the trocar.

Under direct vision two additional 3 mm tro-
cars are placed in the left and right mid abdomen. 
After making a small stab incision, the defect can 
be enlarged with small mosquitos to facilitate the 
trocar placement (Fig. 38.1).

After identifying the stomach, two stay 
sutures can be placed in the larger curvature to 
lift up the stomach and allow entry of the bursa 
omentalis through the gastrocolic ligament 
(Fig. 38.2). After creating a large enough win-
dow, the pancreas can be seen. The large magni-
fication of the endoscope sometimes allows for 
the (endocrine) tumor to be identified immedi-
ately. In case of a solitary tumor, the tissue can 
be dissected with the 3  mm diathermia hook, 
which allows very selective dissection 
(Fig. 38.3). The tissue can be placed in a glove 
finger and sent for frozen section determina-
tion. If the DOPA-PET scan has detected only a 

solitary hot spot, the procedure can be termi-
nated with removal of trocars under direct 
vision and closure of all defects.

In case of a more diffuse lesion, the dissec-
tion is started at the tail of the pancreas with 
meticulously taking down all small vessels aris-
ing from the splenic vein with the 3 mm diather-
mia hook, making sure the splenic vein is spared. 
Working from the tail toward the head of the 
pancreas until the choledochal duct is reached. 
The pancreatic duct is closed with a transfixing 
suture or a clip and transected (Fig.  38.4). In 
case of a subtotal resection, the dissection is 
continued until only a rim along the descending 

Fig. 38.1 Position of trocars in laparoscopic approach of 
pancreatic lesion in infant

Fig. 38.2 Stay sutures in greater curvature of the stom-
ach to lift the stomach up in order to get entry into the 
bursa omentalis

Fig. 38.3 Resection of focal lesion in infant with 
hyperinsulinism
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duodenum is left. The specimen can be taken out 
with a retrieval bag by slightly enlarging the 
subumbilical incision. As usually little cicatriza-
tion is formed during laparoscopic dissection, it 
can be decided to initially leave a little more tis-
sue in place and see if insulin levels normalize 
postoperatively. If further excision is necessary, 
this can easily be carried out laparoscopically at 
a later stage.

38.6  Postoperative Care

Monitoring of glucose levels continue until they 
have stabilized. Oral feeds can be resumed a few 
hours after surgery. Most patients will have cau-
dal analgesia for the first 24 h and continue on 
paracetamol on indication. Discharge is depen-
dent on the stability of glucose levels. The first 
5  days, the child can be washed and rinsed of. 
Thereafter they may bath again.

38.7  Results

All focal lesions in neonates were cured in one 
session.

A few of the cases with multiple focal lesions 
needed two procedures to remove all lesions.

The cases with diffuse lesions underwent a 
subtotal pancreatectomy. In one patient thrombo-
sis of the splenic vein occurred.

38.8  Discussion

In children pancreatic tumors are usually of 
benign origin, although some malignant tumors 
have been described [6, 7]. Congenital hyperin-
sulinism in infancy is more common in children 
and is characterized by inappropriate oversecre-
tion of insulin, resulting in hypoglycemia [8]. If 
medical care is not sufficient, surgical manage-
ment is warranted. It is sometimes difficult to 
determine the appropriate level of resection to 
cure the disease and not induce diabetes [9].

To determine the extent of the lesion, the addi-
tional use of 18FDOPA-PET scan has proven to 
be useful [5]. With the use of this technique, we 
were able to find and treat the focal lesions.

The use of laparoscopy in children was first 
described by Bax et  al. [2]. The advantage of 
laparoscopy is the huge magnification of 18×, 
which is much more than can be achieved with 
binoculars. Also the minimal incisions and no- 
touch technique causes much less cicatrication 
and therefore leaves room for a more conserva-
tive initial resection in order to avoid diabetes. 
Later re-resection does not cause much 
problems.

Although the procedure is straight forward, it 
is advisable to concentrate the surgical manage-
ment for these lesions in high-volume centers of 
expertise [4].
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Laparoscopic Splenectomy

Catarina Barroso and Jorge Correia-Pinto

39.1  Introduction

In the pediatric age group, splenectomy has been 
performed mostly for hematologic disorders, such 
as hereditary spherocytosis, idiopathic thrombo-
cytopenic purpura, and sickle cell anemia. 
Throughout the history of splenectomy, two major 
events influenced clinical practice to what it is 
today. Those were (1) the realization of children’s 
susceptibility to infection after splenectomy, by 
King and Shumaker in 1952, leading pediatric 
physicians to embrace conservative approaches 
for splenic diseases and injuries [1], and (2) the 
advent of laparoscopic splenectomy first described 
for adults, by Delaitre in 1991 [2], and then for 
children, by Tulman in 1993 [3]. Reduced postop-
erative pain, shorter length of stay, and improved 
 cosmesis made laparoscopic splenectomy the 

standard of care when spleen removal is indicated 
[1, 2]. Over the years, there were reports of 
increased costs (for longer operative time) and 
inadequate detection of accessory spleens and 
splenosis [2, 3]. These were overcome by more 
recent studies, including a meta- analysis from 
2016, revealing lower overall costs (considering 
shorter hospitalization), less blood loss, similar 
rate of removal of accessory spleens, and postop-
erative complications. Conversion rates in pediat-
ric series range from 0 to 6% and have been mainly 
for bleeding and splenomegaly [1, 2]. Nevertheless, 
similar postoperative outcomes have been reported 
for enlarged spleens, except for operative time.

39.2  Anatomical Considerations

Anatomic relations and attachments of the spleen 
must be understood to perform a safe splenec-
tomy. Lying in the upper quadrant of the abdo-
men, between the diaphragm and the stomach, 
the spleen is in close contact to the colon, pan-
creas, and left kidney whose impressions are 
marked in its visceral surface (inferiorly and 
medially). Three attachments hold the spleen in 
its position: splenorenal, splenocolic, and gastro-
splenic ligaments. Between the two layers of the 
splenorenal ligament, there are the hilum splenic 
vessels and also the tail of the pancreas. The gas-
trosplenic ligament is likewise composed of two 
layers, between which the short gastric arteries 
and left gastroepiploic artery course.
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39.3  Indications for Splenectomy

Over the years, there has been a change in the 
paradigm of the treatment of splenic conditions. 
Considering the risk of postoperative overwhelm-
ing sepsis, especially among children under 
1-year-old, the indications for splenectomy have 
become more and more restricted. With the tre-
mendous improvement in pediatric trauma care, 
we now know that an emergent splenectomy is 
hardly required, as nonoperative treatment is suc-
cessful in 95–100% of blunt splenic lesions [1]. 
Even in hematologic conditions, the development 
of new medical therapies led to the replacement 
of an early surgical approach to a “wait and see” 
attitude, by postponing or avoiding splenectomy. 
Listed below are the most common conditions 
requiring splenectomy nowadays.

39.3.1  Hereditary Spherocytosis (HS)

HS is a genetic condition, with autosomal domi-
nant transmission. A deficiency of spectrin, a 
cytoskeletal protein of the red blood cell, leads to 
a membrane abnormality resulting in spherical, 
small erythrocytes, susceptible of entrapment 
and destruction in the spleen. Hemolytic anemia 
with jaundice and splenomegaly should spur the 
diagnosis, which ought to be confirmed by a 
peripheral blood smear with spherocytes, 
increased reticulocyte count, and negative 
Coombs test. Splenectomy reduces the rate of 
hemolysis leading to anemia resolution [1].

39.3.2  Idiopathic Thrombocytopenic 
Purpura (ITP)

ITP is an autoimmune disorder defined by a tran-
sient or persistent reduced platelet count 
(<100,000/μL) and increased risk of spontane-
ous bleeding. While the physiopathology is not 
well understood, it includes impaired platelet 
production and T-cell-mediated actions [1]. 
Children with ITP mostly experience spontane-
ous resolution, whereas 20% develops chronic 
disease. Despite the paucity of guidelines for the 

treatment of this condition, it is consensual that 
splenectomy should be performed (1) in life-
threatening hemorrhage complicating acute ITP 
and (2) in chronic ITP with significant bleeding, 
who do not respond or cannot tolerate other ther-
apies (corticosteroids, immunoglobulin, anti- D) 
[1]. Following splenectomy, approximately two 
thirds of the patients achieve complete response 
with normalization of platelet count and require 
no additional therapy [2].

39.3.3  Sickle Cell Anemia (SCA)

SCA is an autosomal recessive disease involving 
a mutated form of hemoglobin, the hemoglobin 
S (HbS). Under low oxygen arterial pressure, the 
abnormal hemoglobin polymerizes and distorts 
the red blood cell into a sickle shape. The sick-
led erythrocytes will block small blood vessels 
resulting in tissue damaging. Also, there is 
erythrocyte entrapment in the spleen (splenic 
sequestration) causing enlargement, pooling, 
and destruction of the sickle red blood cells 
leading to anemia. SCA usually manifests early 
in childhood. Presentation may occur with vaso- 
occlusive crisis causing episodes of pain, chronic 
hemolytic anemia, splenic sequestration, 
increased risk of infection particularly by encap-
sulated bacteria, and acute chest syndrome 
(chest pain, fever, cough, tachypnea, leukocyto-
sis, and pulmonary infiltrates in the upper lobes). 
Diagnosis is confirmed by an electrophoresis 
identifying a homozygous HbS. Splenectomy is 
indicated in the presence of one major or two 
minor crisis of acute splenic sequestration, once 
it is associated with a high mortality rate. In 
children with hypersplenism, splenectomy 
decreased transfusion requirements and elimi-
nated discomfort caused by the enlarged spleen. 
Moreover, autosplenectomy can occur in SCA 
patients due to splenic infarctions secondary to 
vaso-occlusion which is not uncommon. 
Children with SCA are likely to develop choleli-
thiasis; thus they should undergo routine abdom-
inal ultrasound preoperatively, and if gallstones 
are identified, a concomitant cholecystectomy is 
advocated [1].
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39.3.4  Other Indications

Other indications for splenectomy in children 
are β-thalassemia, Hodgkin’s disease, Gaucher’s 
disease, splenic abscess, leukemia, or lymphoma 
[1, 2].

39.4  Preoperative Management

All children undergoing a splenectomy should 
receive vaccinations for Streptococcus pneu-
moniae and Neisseria meningitidis, at least 
2 weeks before surgery. Haemophilus influenzae 
type B is now part of routine childhood immuni-
zations, and an additional immunization is not 
usually required. A preoperative abdominal ultra-
sonography should be done in children with 
hemolytic anemia to evaluate the presence of 
gallstones and need for concomitant cholecystec-
tomy. There is some debate on whether imaging 
for accessory spleens is necessary. It does not 
seem to be useful as sensitivity and specificity of 
computed tomography for detecting accessory 
spleens are 60% and 95.6%, respectively, whereas 
of laparoscopy are 93.3% and 100%, respectively 
[2]. Children with SCA should be prepared for 
surgery with adequate hydration with intravenous 
fluids since the night before surgery and red 
blood cell transfusions to increase the hemoglo-
bin level to 10–12 g/dL. In splenomegaly, if con-
ditions are available, perioperative spleen 
embolization might decrease splenic volume and 
facilitate dissection. Despite minor postoperative 
complications, possibly due to the microparticle 
injection, it is believed to reduce intraoperative 
blood loss, conversion to open surgery, and the 
need for transfusion [1, 2].

39.5  Surgical Technique

39.5.1  Laparoscopic Splenectomy

The procedure is performed under general anes-
thesia, with the patient positioned in right lateral 
decubitus, at approximately 45°. The surgeon 
stands in front of the patient, with the assistant at 

his right side. The monitor is placed at the patient’s 
back. A 5 mm trocar (30° optics) is placed at the 
umbilicus, followed by a 12 mm port in the left 
lower quadrant and one or two 3  mm ports 
throughout the epigastric midline. Insufflation 
pressure should be between 8 and 12  mmHg 
depending on the patient’s age. The gastrosplenic 
ligament is divided at first. By grasping the stom-
ach with an atraumatic grasper, the gastrosplenic 
ligament is retracted enabling the division of the 
short gastric vessels. This should be performed 
using a LigaSure, an Ultracision or by isolating 
each vessel and applying clips. After dividing the 
short gastric vessels, retraction of the spleen to 
the right will expose splenocolic attachments that 
should be divided, allowing inferior mobilization 
of the colon. Posterolateral fascial attachments 
are then divided. By then, the remaining vascular 
supply of the spleen is the splenic hilar vessel, 
within the splenorenal ligament. Gentle dissec-
tion is used to identify and isolate the splenic 
artery and vein (Fig.  39.1). Extreme caution 
should be taken not to harm the tail of the pan-
creas just behind the hilum. Each vessel should be 
applied a double clip or ligature before division 
(Fig.  39.2). Alternatively, an endoscopic stapler 
(12 mm trocar) can be used or a bipolar device in 
small children (Fig.  39.3). Dividing the attach-
ments at the upper pole of the spleen will free the 
spleen. An endoscopic bag is introduced through 
the 12 mm trocar and the spleen is placed into the 
sac (Fig. 39.4). The neck of the sac is exteriorized 
and opened to access the spleen. Using finger or 

Fig. 39.1 A gentle dissection is used to identify and iso-
late the splenic artery and vein
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ring forceps, the spleen should be morcellated in 
order to be withdrawn through the trocar site, tak-
ing care not to tear the bag as this could seed the 
abdomen with splenic tissue. The 12 mm trocar is 
replaced and pneumoperitoneum induced again. 
Hemostasis should be confirmed, and the 
 peritoneal cavity is inspected for accessory 
spleens, namely, the area of the pancreatic tail, 
kidney, bowel mesentery, omentum, gastrosplenic 
ligament, and pelvis. The ports are closed with 
absorbable suture and covered with a waterproof 
dressing.

The authors have performed 20 laparoscopic 
splenectomies using this technique, with no intra-
operative complications. In 11 patients, the 
spleen was removed in an endobag after morcel-
lation, while in 9 children a mini-pfannenstiel 
incision was required to exteriorize the spleen. 
One patient, with the diagnosis of PTI, required a 
second laparoscopy for accessory spleen removal 
that was found in the greater omentum.

39.5.2  Perioperative Complications

It is consensual nowadays that laparoscopic 
 splenectomy is a safe procedure; nevertheless  
it does not lack intraoperative complications. 
Intraoperative hemorrhage is the main reported 
complication and the most frequent reason for 
conversion to open surgery. It usually results of a 
lesion of the hilar or short gastric vessels, splenic 
capsule or splenic parenchyma and commonly 
occurs during the dissection and ligation of the 
hilum vessels. Lesion of adjacent organs and 
structures can also occur. The tail of the pancreas 
is especially susceptible during dissection and 
ligation of the hilum vessels considering its prox-
imity. Pancreatic fistula would be the resulting 
complication [1].

39.5.3  Variations of the Technique

An attempt to reach the least invasive surgery 
encouraged surgeons to reduce and even abolish 
abdominal trocar incisions for splenectomy. The 
single-incision laparoscopic surgery (SILS) for 

Fig. 39.2 Splenic hilar vessel should be treated using 
clips, ligature, or sealing devices

Fig. 39.3 Alternatively, in case of large vessels, an endo-
scopic stapler can be used

Fig. 39.4 An endoscopic bag is introduced through the 
12 mm trocar, and the spleen is placed into the sac and 
then exteriorized through the umbilicus
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splenectomy, first described in 2009 [3–5], offered 
potential for improved cosmesis without increased 
risk of complications. The SILS uses a convenient 
umbilical incision where multiple laparoscopic 
instruments are introduced, enabling complex sur-
gical procedures to be performed by a single 
abdominal port [4, 5]. There are some major chal-
lenges associated with SILS: the absence of trian-
gulation, lack of space, and clashing of the 
instruments. Still, early literature has suggested 
shorter hospital stay, fewer postoperative compli-
cations, better pain control, and improved cosme-
sis. Standardization of SILS splenectomy technique 
and better patient selection criteria are still required 
[5–7]. The natural orifice transluminal endoscopic 
surgery (NOTES) accesses body cavities through 
natural openings, like the mouth or vagina, mean-
ing that a splenectomy may performed without 
external incisions. Even though NOTES was 
extensively studied, there are not enough evidence 
of its safety as it involves viscerotomy, requires 
appropriate advanced instruments, and provides 
reduced operative exposure, which  hampered this 
technique to be widely embraced [7, 8].

39.6  Postoperative Care

Some hours after surgery, the patient is offered 
liquids and, when tolerated, solid food. Pain con-
trol should be assured according to each institu-
tion postoperative protocol. Antibiotic 
prophylaxis with penicillin should be employed 
for at least 1 year after surgery and until the age 
of 5  years. Some authors recommend lifelong 
prophylactic penicillin [8–10].

39.7  Postoperative Complications

Early postoperative complications include post-
operative bleeding, intra-abdominal abscess, pan-
creatic fistula, ileus, and wound infection which 
are widely accepted to have reduced with laparo-
scopic splenectomy [6, 7]. Special considerations 
should be made for the risk of postoperative por-
tal vein thrombosis, overwhelming sepsis, and 
recurrence of the hematologic disease.

39.7.1  Portal Vein Thrombosis (PVT)

PVT is a rare but potentially lethal complication 
after splenectomy. The incidence of PVT varies 
between 0 and 6%. It mainly occurs during the 
first postoperative week and presents with 
abdominal pain and fever, although it can be 
asymptomatic. Abdominal ultrasonography con-
firms the diagnosis. Complicated portal hyper-
tension is a known consequence of PVT.  The 
identified risk factors are female gender, 
decreased levels of coagulation inhibitors, sple-
nomegaly, thrombocytosis, and concomitant cho-
lecystectomy [11]. No difference was noticed 
between open and laparoscopic splenectomy 
[12]. In the presence of risk factors, prophylactic 
antiplatelet and antithrombotic therapy should be 
considered after splenectomy [13, 14].

39.7.2  Overwhelming 
Postsplenectomy Infection 
(OPSI)

The incidence of OPSI ranges from 2 to 12% 
depending on the preventive strategy used and 
primary disease. The risk is greater if the splenec-
tomy is performed in the first few years of life 
and within the 2  years following operation, 
although it remains increased for more than 
10 years and probably for life. The microorgan-
ism most commonly implicated is Streptococcus 
pneumoniae, followed by Haemophilus influen-
zae and Neisseria meningitidis. Increased sus-
ceptibility to Salmonella infections has also been 
noticed [14].

39.7.3  Recurrence of the 
Hematologic Disease

An unseen accessory spleen may lead to failed 
hematologic response, namely, in patients with 
PTI.  The incidence of accessory spleens varies 
between 4 and 16% in the general population, 
and 10 and 30% in splenectomized patients, 
according to autopsy series [13–15]. The 
 identification rate is similar in both open and 
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 laparoscopy splenectomies. Whenever a retained 
accessory spleen is suspected, it can be removed 
laparoscopically [15].
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Laparoscopic Partial Splenectomy

François Becmeur and C. Klipfel

40.1  Introduction

Primarily, partial splenectomy was introduced as 
an alternative to total splenectomy to avoid post- 
splenectomy sepsis in children <5  years of age 
[1, 2].

But the hematologists are mostly able to man-
age patients with congenital hemolytic anemias 
until they are older. Most of our patients now are 
well >10  years old and have done reasonably 
well with a few blood transfusions.

Potential benefits of partial splenectomy also 
included avoidance of thromboembolic events, 
incomplete immunization, and non-compliance 
with antibiotic prophylaxis.

Risk of splenic regrowth and the possibility of 
a required completion splenectomy have to be 
evaluated with a long-term follow-up [3]. Among 
patients operated on by laparotomy [4], rate of 
accidental total splenectomy during an attempt to 
perform partial splenectomy was 4%, and risk for 
total secondary completion splenectomy was 
10% with a 12-year follow-up. Such a long fol-
low- up in laparoscopic partial splenectomy series 
has not yet been reported.

Several questions remain about the amount of 
splenic parenchyma that has to be left. What is a 
good definition for a partial splenectomy for con-
genital hemolytic anemias?

Is it a 1/3 partial splenectomy? Probably not: 
the risk of completion splenectomy seems to be 
high with a short follow-up (around 2  years). 
This partial splenectomy is insufficient to reduce 
the hemolytic rate. And the risk of cholelithiasis 
remains.

Is it a subtotal splenectomy or more, a near 
total splenectomy [5]? Is the amount of splenic 
parenchyma enough to work as a normal spleen 
to maintain a good immune function?

Several studies concluded that 75–90% [4, 6] 
of the enlarged splenic tissue had to be removed 
for hematological cases to ensure a satisfying 
result. It means that less than 25% of the normal 
spleen volume is retained [4].

The circumstances are totally different in case 
of a splenic cyst or a tumor. In these cases, partial 
splenectomy is a focal splenectomy, removing 
the cyst or the tumor. We have clinical experi-
ences like a hemangioma of the spleen (Fig. 40.1a, 
b) and a littoral cell angioma (Fig. 40.2a, b).

F. Becmeur (*) · C. Klipfel 
Pediatric Surgery Unit, University of Strasbourg, 
Hôpital de Hautepierre, Strasbourg Cedex, France
e-mail: francois.becmeur@chru-strasbourg.fr

40

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-00964-9_40&domain=pdf
mailto:francois.becmeur@chru-strasbourg.fr


292

40.2  Preoperative Preparation

Patients should be immunized preoperatively 
with pneumococcal and meningococcal vac-
cines. Vaccination for Haemophilus influenzae 
is required as well. Even in case of a success-
ful  partial splenectomy, patients will receive 

prophylactic penicillin during 2–3 years after 
surgery [7].

40.3  Positioning

The patient is lying in a right semi-lateral decubi-
tus (45°). Monitor is placed on the left side of the 
patient at the level of the thorax. The surgeon is 
standing on the patient’s right side in front of the 
lower right iliac fossa, facing the monitor [8]. 
The assistant is on the left side of the surgeon and 
the scrub nurse on his right side.

a

b

Fig. 40.1 Hemangioma allowing removing the lower 
third of the spleen (a). Hemangioma, the sample (b)

a

b

Fig. 40.2 Littoral cell angioma requiring removing the 
superior part of the spleen (a). Littoral cell angioma, the 
sample (b)
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40.4  Instrumentation

One optical trocar and a 30° telescope are needed; 
it will be a 5 or 10 mm trocar depending on the size 
of the child. We know that the color of the splenic 
tissue reduces the light inside the peritoneal cavity. 
That is why a 10 mm telescope is mostly preferred 
to have a perfect lighting. Three additional 5 mm 
trocars are needed (Fig. 40.3). Two atraumatic for-
ceps, one dissector, and scissors are required; 3-0 
or 2-0 Vicryl thread is needed when the option is to 
ligate the vessels. A vessel loop will allow doing 
Blalock loop on the main artery to secure splenic 
vessels division. Sealing devices are used for dis-
section, cutting short gastric vessels, and dividing 
splenic parenchyma. Argon beam laser may be 
useful to cauterize the raw edge of the spleen, but 
it is not essential. We do not use endostaplers and 
fibrin glue. But they may be an option to treat, 
respectively, the main vessels and the raw edge of 
the spleen [9].

40.5  Technique

An open laparoscopy is performed with a 10 mm 
30° telescope through the umbilicus. Three addi-
tional 5  mm ports are placed: one between the 
xiphoid cartilage and the umbilicus; one lower or at 

the level of the umbilicus, on the left mid- clavicular 
line; and the third one in the left flank for the 
spleen retractor or suction device.

40.5.1  Subtotal Splenectomy 
in Congenital Hemolytic 
Anemias

40.5.1.1  First Step
The short gastric vessels are divided leaving the 
last upper vessels to preserve a remaining blood 
supply on the upper part of the spleen. This first 
step will allow a good exposure of the main splenic 
vessels.

40.5.1.2  Second Step
Main artery is then dissected and isolated to place 
a Blalock loop using a vessel loop. This precau-
tion was adopted to secure the following dissec-
tion of the hilum.

40.5.1.3  Third Step
Secondary arteries going into the splenic paren-
chyma are progressively divided along the spleen, 
nearby the parenchyma, beginning by the lower 
vessels and going up to the top of the spleen. 
Veins are then divided. Intracorporeal knots or 
Hem-o-lok clips are used depending on the size 
of the vessels. It is necessary to free the pancre-
atic tail with caution avoiding damaging it in 
order to prevent postoperative pancreatic leak-
age. At least it is important to ligate arteries first 
to obtain a satisfying washout of the blood 
retained in the parenchyma. Thereby we insure 
less bleeding and reduce blood loss.

40.5.1.4  Fourth Step
A delimitation line will appear on the splenic sur-
face. Then, it becomes possible to tattoo and 
draw the future section line on the splenic cap-
sule with a monopolar hook, 1 cm afar from the 
delimitation line in the ischemic part of the spleen 
(Fig. 40.4). The section of the parenchyma is then 
performed using a sealing device such as 
LigaSure or a Harmonic scalpel. A suction device 

Fig. 40.3 One 10 mm 30° telescope through the umbili-
cus and three additional trocars
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is introduced through the external left operative 
trocar to wash the surface of the severed spleen 
and to suck up blood and smoke.

40.5.1.5  Fifth Step
Hemostasis is controlled. Bipolar coagulation or 
argon beam laser is used. Then, great omentum 
may be used to cover the raw edge. The aim of 
this maneuver is to avoid bowel adhesion. Fibrin 
glue is rarely required, as it is expensive and not 
easy to put on the irregular section surface of the 
spleen.

Removal of the main part of the spleen from 
the abdomen needs an endobag. To be able to 
open the endobag, it is pushed inside through the 
umbilicus or a short left inguinal approach 
depending of the size of the abdominal cavity. 
The subtotal spleen is morcellated using a finger 
and a good suction device, avoiding any trau-
matic instruments that may rip the endobag and 
induce a spillage of splenic tissue in the perito-
neal cavity. Drainage is unnecessary at the end of 
the procedure.

40.5.2  Partial Splenectomy 
to Remove a Cyst or a Tumor

40.5.2.1  First Step
The short gastric vessels are divided (Fig. 40.5a) 
leaving vessels to preserve a remaining blood 
supply on the part of the spleen that will be left in 

place. This first step will allow a good exposure 
of the main splenic vessels.

40.5.2.2  Second Step
Main artery is then dissected and isolated to place 
a Blalock loop using a vessel loop. This precau-
tion was adopted to secure the following dissec-
tion of the hilum.

40.5.2.3  Third Step
Secondary vessels going toward the lesion are pro-
gressively divided along the spleen, nearby the 
parenchyma. Intracorporeal knots or Hem-o- lok 
clips are used depending on the size of the vessels.

Fig. 40.4 Section of the spleen 1 cm far from the delimi-
tation line in the dark zone

a

b

c d

Fig. 40.5 Section of the short gastric vessels (a); expo-
sure of the main splenic vessels (b); subtotal splenec-
tomy removing 80% of the spleen (c); partial splenectomy 
removing 2/3 of the spleen (d)
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Cyst dissection should remove a thin splenic 
parenchymal part surrounding the lesion.

40.5.2.4  Fourth Step
The cyst is then released from any adhesion along 
the surface of the diaphragm, the liver, or the 
omentum. The cyst is then emptied from its con-
tent and is widely opened to check the section of 
the parenchyma easily. The parenchymal section 
is done, close to the parietal wall of the cyst to 
ensure a complete ground resection: the cyst and 
surrounding parenchyma. This resection is per-
formed using a sealing device such as LigaSure or 
a Harmonic scalpel. A suction device is  introduced 
through the external left operative trocar to wash 
out the surface of the severed spleen and to suck 
up blood and smoke.

40.5.2.5  Fifth Step
Hemostasis is controlled. Bipolar coagulation 
or argon beam laser is used. Then, great omen-
tum may be used to cover the raw edge. The 
aim of this maneuver is to avoid bowel adhe-
sion. Fibrin glue is rarely required, expensive, 
and not easy to put on the irregular section sur-
face of the spleen.

Removal of the cyst from the abdomen 
requires an endobag. To be able to open the endo-
bag, it is pushed inside through the umbilicus or 
a short left inguinal approach depending on the 
size of the abdominal cavity. Drainage is unnec-
essary at the end of the procedure.

40.6  Postoperative Care

Antibiotic prophylaxis began at the beginning of 
the procedure. Oral antibiotic prophylaxis will be 
carried out for 2 or 3 years.

No transfusion is required during surgery or 
after.

The mean hospital stay has to be sufficient to 
be sure no postoperative bleeding occurs. We 
consider these patients as those who are managed 
in the ICU for a non-operative treatment after a 
spleen trauma. Nevertheless, it depends on the 
surgical team, and length hospital stay differs 
from one study to another [3, 6–8].

Abdominal ultrasonography allows excluding 
any blood collection in the peritoneal cavity. 
Doppler analysis of the splenic tissue allows 
checking spleen blood supply and to be sure that 
spleen vascularization is well preserved in the 
first postoperative days. Main veins (splenic vein, 
superior mesenteric vein, portal vein) are con-
trolled as well, to prevent any thromboembolic 
event.

In case of congenital hemolytic anemias, 
hematological outcome requires to control values 
for hemoglobin, platelet count, and reticulocyte 
count. Spleen size and the occurrence of hemo-
lytic anemia crisis are regularly controlled.

In case of a splenic cyst, late ultrasonography, 
1 year after surgery, allows to be sure there is no 
recurrence.

Radionuclide spleen scan may be done in case 
of any doubt about the remnant spleen vitality.

40.7  Results

The effectiveness of partial splenectomy is evalu-
ated on the hematological outcomes. Most stud-
ies reported an increase in hemoglobin level with 
a decrease in reticulocytes, transfusions, and ane-
mic crisis [2, 3, 9, 10]. A law rate of total splenec-
tomy, after earlier partial splenectomy, is 
considered by many clinicians, as the best mea-
sure of long-term success for partial splenectomy. 
However this outcome is not frequently reported 
and has a wide variation depending on length of 
follow-up. For example, six studies reported a 
conversion rate of 0–15% at 1–6 years of follow-
 up, and one study reported a rate of 40% at 
2  years of follow-up [2]. Obviously, the actual 
reported follow-up is too short.

The risk of conversion of laparoscopy to lapa-
rotomy in different types of splenectomy was 
reported in several studies and ranged from 1.8 to 
11% [2].

The risk of intraoperative conversion from 
partial to total splenectomy ranged from 4 to 
6.9% [2]. That gives reason for invariable vacci-
nation before surgery.

In our own experience, the risk of intraopera-
tive conversion from partial to total splenectomy 
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is minimal. If anatomical local conditions are not 
favorable for a subtotal splenectomy, one must 
not hesitate to perform a total splenectomy. We 
report ten subtotal splenectomies for spherocyto-
sis with a mean follow-up of 6.5 years (from 2 to 
12). Only one totalization required, 6 years after 
the first procedure.

40.8  Discussion

40.8.1  Congenital Hemolytic 
Anemias

The aim of partial splenectomy is to decrease the 
risk for anemic crisis. That is why 80–90% of 
splenic parenchyma should be removed to be 
effective (Fig.  40.5c). But, at the opposite, the 
aim of partial splenectomy is to preserve enough 
splenic tissue, in order to prevent post- 
splenectomy infections.

Preservation of immune function is assessed 
using the sepsis rate after total splenectomy [3]. 
The long-term risk of lethal infection after total 
splenectomy could be around 0.73/1000 patient- 
years [11]. There is no study about the estimated 
risk of sepsis after partial splenectomy. The only 
issue we have is about the size of the remnant 
spleen and its blood supply.

Further studies are required to assess long- 
term splenic function in terms of immunization, 
after partial splenectomy. We have no idea at all 
about the remaining splenic immune function. 
Generally, the upper pole of the spleen is left. The 
native adhesion to the diaphragm can lower the 
risk of wandering remnant spleen.

40.8.2  Nonparasitic Splenic Cysts

Only symptomatic and >5–10 cm diameter non-
parasitic splenic cysts have to be operated on.

To facilitate partial splenectomy in case of 
cysts or tumors (benign tumors like rare heman-
gioma), 3D virtual rendering can be useful to 
guide the surgical procedure, allowing to foresee 
which vessels supply the lesion [12].

Unroofing results in a high rate of recurrence: 
11/15 patients in [12]. Recurrences occurred after 
a mean postoperative follow-up of 8.7  months 
(range 1–42.7).

Unroofing plus ground resection seems to 
have good results. But Shier [13] wrote “also 
argon laser treatment of the ground surface of the 
cyst resulted in recurrence.”

When feasible, laparoscopic partial splenec-
tomy (Fig. 40.5d) is the technique of choice [14]. 
If not, total splenectomy is required.

References

 1. Tchernia G, Gauthier F, Mielot F, Dommergues JP, 
Yvart J, Chasis JA, Mohandas N. Initial assessment of 
the beneficial effect of partial splenectomy in heredi-
tary spherocytosis. Blood. 1993;81:2014–20.

 2. Rice HE, Crary SE, Langer JC, Kemper 
AR.  Comparative effectiveness of different types of 
splenectomy for children with congenital hemolytic 
anemias. J Pediatr. 2012;160:684–9.

 3. Seims AD, Breckler FD, Hardacker KD, Rescorla 
FJ. Partial versus total splenectomy in children with 
hereditary spherocytosis. Surgery. 2013;154:849–53.

 4. Tchernia G, Bader-Meunier B, Berterottiere P, Eber S, 
Dommergues JP, Gauthier F. Effectiveness of partial 
splenectomy in hereditary spherocytosis. Curr Opin 
Hematol. 1997;41:36–41.

 5. Stoehr GA, Stauffer UG, Eber SW.  Near-total sple-
nectomy. A new technique for the management of 
hereditary spherocytosis. Ann Surg. 2005;241:40–7.

 6. Hery G, Becmeur F, Mefat L, Kalfa D, Lutz P, Lutz 
L, Guys JM, de Lagausie P. Laparoscopic partial sple-
nectomy: indications and results of a multicenter ret-
rospective study. Surg Endosc. 2008;22:45–9.

 7. Al Salem AH.  Splenectomy for children with thal-
assemia: total or partial splenectomy, open or lapa-
roscopic splenectomy. J Pediatr Hematol Oncol. 
2016;38:1–4.

 8. Cai H, An Y, Wu D, Chen X, Zhang Y, Zhu F, Jiang Y, 
Sun D. Laparoscopic partial splenectomy: a preferred 
method for select patients. J Laparoendosc Adv Surg 
Tech A. 2016;26:1010–4.

 9. Pugi J, Caracao M, Drury LJ, Langer JC. Results after 
laparoscopic partial splenectomy for children with 
hereditary spherocytosis: are outcomes influenced by 
genetic mutation? J Pediatr Surg. 2018;53(5):973–5. 
pii: S0022-3468(18)30081-2.

 10. Englun BR, Rothman J, Leonard S, Reiter A, Thornburg 
C, Brindle M, Wright N, Heeney MM, Jason Smithers 
C, Brown RL, et al. Hematologic outcomes after total 
splenectomy and partial splenectomy for congenital 
hemolytic anemia. J Pediatr Surg. 2016;51:122–7.

F. Becmeur and C. Klipfel



297

 11. Schilling RF. Estimating the risk for sepsis after sple-
nectomy in hereditary spherocytosis. Ann Intern Med. 
1995;122:187–8.

 12. Delforge X, Chaussy Y, Borrego P, Abbo O, Sauvat 
F, Ballouhey Q, Irtan S, Arnaud A, Ibtissan K, Panait 
N, et al. Management of nonparasitic splenic cysts in 
children: a French multicenter review of 100 cases. J 
Pediatr Surg. 2017;52:1465–70.

 13. Schier F, Waag KL, Ure B.  Laparoscopic unroofing 
of splenic cysts results in a high rate of recurrences. J 
Pediatr Surg. 2007;42:1860–3.

 14. Lima M, Reinberg O, De Buys Roessingh AS, 
Gargano T, Soler L, Mogiatti M, Cantone N. 3D vir-
tual rendering before laparoscopic partial splenec-
tomy in children. J Pediatr Surg. 2013;48:1784–8.

40 Laparoscopic Partial Splenectomy



299© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_41

Minimal Invasive Management 
of Lymphatic Malformations
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41.1  Introduction

“Vascular anomalies” is a term used to denomi-
nate a wide group of conditions that include vas-
cular malformations and proliferating tumors. 
Currently, the classification system from the 
International Society for the Study of Vascular 
Anomalies (ISSVA), first developed in 1996 and 
updated in 2014, is the gold standard for most 
authors [1]. The classification is based on physi-
cal examination, disease course, vascular flow 
characteristics, and histopathology. The estab-
lishment of a correct diagnosis, based on multi-
disciplinary evaluation of each particular case, is 
the key to provide an adequate treatment [2].

According to this classification, lymphangio-
mas or, more accurately, lymphatic malforma-
tions (LMs) are considered “low-flow vascular 
malformations”. However, they can show mixed 
features, being classified as “complex com-
bined vascular malformations” which include 
capillary- lymphatic malformations, lymphatic-
venous malformations, and capillary-lymphatic- 
arteriovenous malformations, and this can have 
therapeutic implications. Their incidence is low, 
and it is estimated between 1:2000 and 100,000 

newborns [3]. As a rule, it is imperative to identify 
precisely the nature of the lesion before propos-
ing any treatment. Even more, differential diag-
nosis must be established with other soft-tissue 
conditions that can mimic lymphatic malforma-
tions, as can be other congenital malformations 
(bronchogenic cysts, branchial cysts, intestinal 
duplications, etc.) and some malignant tumors 
(infantile fibrosarcomas and other soft-tissue sar-
comas). Sometimes, only a biopsy or a complete 
resection provides a definitive diagnosis.

Although LMs are benign, they can produce 
severe complications, cosmetic sequelae, and 
functional compromise, mostly due to compres-
sion of nearby structures, infection, and bleeding, 
which can even be life-threatening. Diagnosis can 
happen prenatally on ultrasound or after birth. 
Their finding can be incidental or after having 
developed any symptoms (most commonly bulg-
ing, infection, compression, pain, or bleeding). 
LMs can invade nearby structures and organs. 
Ascites and chylothorax are infrequent findings, 
but typically associated with abdominal or tho-
racic lesions, respectively. It is well known that 
some cases can even disappear after spontaneous 
episodes of bleeding or infection.

Most of them occur in the head and neck or 
axillary region. However, they can affect almost 
any soft tissue, including thoracic and abdominal 
locations, that together make 20% of cases [3]. 
Less than 1% of LMs occur at the mesentery or 
the retroperitoneum [4]. Mediastinal lymphatic 
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malformations are uncommon and can be related 
to cervical or axillary lesions.

Traditionally, open surgical excision was the 
mainstream for treatment, although it can be asso-
ciated with severe complications and sequelae. 
During the last two decades, image- guided per-
cutaneous sclerotherapy with different agents has 
gained popularity, with excellent results for pure 
lymphatic macrocystic lesions in most anatomic 
locations, but disappointing in the microcystic 
ones. On the other hand, minimal invasive sur-
gery, through its different modalities, offers an 
interesting approach for some selected cases.

41.2  Preoperative Preparation

Diagnosis of low-flow vascular malformations, 
including lymphatic malformations (LMs), is 
based on clinical history, physical examina-
tion, Doppler ultrasound, and magnetic reso-
nance imaging [5]. Magnetic resonance imaging 
(MRI) is the preferred diagnostic tool because it 
provides information that allows diagnosis and 
treatment planning. Macrocystic and microcystic 
LMs show different features on MRI, and some 
lesions can present mixed findings. Sometimes, if 
there is concern or doubt about possible involve-
ment of hollow viscera (such as the esophagus 
or the stomach), endoscopic ultrasound can pro-
vide very valuable information for treatment. In 
the setting of an emergency (bleeding, infection), 
CT scan is the most efficient and available image 
modality. When image tests show atypical find-
ings, the study work-up must be extended and 
might include biopsies.

Each case should be discussed by a multidis-
ciplinary team constituted, at least, by pediatric 
surgeons, plastic surgeons, interventional radi-
ologists, dermatologists, pediatricians, pediatric 
oncologists, pediatric radiologists, and patholo-
gists; in order to reach a diagnostic consensus, 
consider the actual need of treatment and select 
the most appropriate modality. In 2005, Lee pro-
posed some absolute and relative indications for 
treatment of vascular malformations [6]. Some 
of them can be applied to LMs: hemorrhage 
and lesions in a life-, vital function-, or limb- 

threatening location are considered absolute indi-
cations, and disabling or discomfort, functional 
impairment or disability, severe cosmetic defor-
mity and/or psychological impact, location at site 
of high risk of complications, and recurrent infec-
tion or sepsis are considered relative indications.

Depending on the anatomic origin of the lesion, 
if intestinal or pulmonary resections are foreseen, 
antibiotic prophylaxis according to each center 
protocols is recommended. Otherwise, antibiot-
ics are not required. If there is any possibility of 
performing a splenectomy, adequate preoperative 
immunization should be completed. Red blood 
concentrates should be available at the OR. If any 
sclerosing agent is going to be used, alone or in 
combination of minimal invasive surgery, aller-
gies must be ruled out.

41.3  Positioning

Positioning varies depending on anatomic loca-
tion of the LM.  However, adequate triangula-
tion, optimum cosmetic positioning of the port 
through which the surgical specimen will be 
retrieved and planned incision in case of conver-
sion to an open surgery, must be the standard for 
every procedure.

41.4  Instrumentation

Number and size of trocars will depend on the 
localization of the lesion. Generally, at least two 
5 mm trocars will be needed, one for the optics 
and the other for an energy sealing device. 
The LigaSure™ 23  cm Maryland jaw sealer 
(Covidien, Medtronic) offers an excellent con-
trol of bleeding and allows dissection thanks to 
the shape of the tip. The Harmonic ACE™ +7 
23  cm scissors (Ethicon, Johnson & Johnson) 
shows similar advantages and is our preferred 
instrument for small working spaces, as it 
does not produce smoke. However, care must 
be taken with the active blade that can inad-
vertently burn the surrounding structures. For 
grasping and bipolar coagulation, 3 mm instru-
ments are optimal.
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41.5  Technique

Some of the most frequent locations that are ame-
nable to an endoscopic or combined approach are 
summarized below:

41.5.1  Thoracoscopy for Mediastinal 
LMs

Many macrocystic thoracic LMs are easily amenable 
to percutaneous sclerotherapy, although care should 
be taken as chylothorax is a possible complication 
and compression of thoracic structures can occur. 
For microcystic lesions and macrocystic lesions not 
amenable to puncture, thoracoscopy is an excellent 
approach. Most lesions develop in the mediastinum, 
and special attention has to be taken in order to avoid 
damage to the main vessels, nerves, esophagus, and 
thoracic duct. The pericardium is usually respected 
by the lesion and provides a good plane for dissec-
tion (Fig. 41.1). If total resection carries a high risk 
of damaging any of these structures, then a subtotal 
resection must be favored, combined, or not with 
sclerotherapy performed under direct vision. Blood 
concentrates and open thoracotomy instruments 
must be immediately available in case any surgical 
complication happens.

41.5.2  Laparoscopy for Abdominal 
and Retroperitoneal LMs

It is estimated that around 20% of all LMs hap-
pen in the abdomen [3]. Omentum, mesentery, 
and retroperitoneum are the most common loca-

tions, but abdominal viscera can also be affected. 
Abdominal LMs can develop complications (most 
frequently bleeding or infection, but also intestinal 
occlusion and even volvulus), and it’s our common 
practice to treat them when diagnosed. However, if 
the lesion is in the mesenteric root or the retroperi-
toneum and is asymptomatic, we favor a conserva-
tive management as other authors suggest [7].

An initial laparoscopic approach should be the 
preferred elective surgical procedure for almost 
every abdominal LM, in our opinion. Depending 
on the affected organs and localization, trocar 
number and positioning will vary. There are 
even some reports of single-port procedures, 
when the lesion is mobile and well defined. The 
exact origin of the LM can be difficult to deter-
mine, making an initial thorough inspection of 
the peritoneal cavity a key point of the surgery. 
Bowel resection and, in some cases, splenec-
tomy must be anticipated in terms of preopera-
tive immunization and prophylactic antibiotic 
administration. If great vessels or solid viscera 
are involved, blood concentrates must be avail-
able at the OR. When the LM shows an intimate 
relation with vital structures, a laparoscopic sub-
total resection can be safely performed and total 
resection completed through a minilaparotomy, 
avoiding larger incisions. The largest cysts can be 
emptied before starting the excision, but it’s our 
practice to delay it as possible to appreciate more 
clearly the limits of the lesion. Laparoscopically 
assisted bowel resection—if needed—is another 
interesting option in mesenteric LMs, enlarging 
one of the incisions (usually, the umbilical port) 
and performing an extracorporeal resection and 
anastomosis, as reported by Tran [8].

Fig. 41.1 Prenatally diagnosed mediastinal mass that 
happened to be a microcystic lymphangioma, in a 1-year- 
old child. (a) Thoracic MRI, Haste coronal. Large 
thoracic- mediastinal mass in the right hemithorax (aster-

isk). (b) Port placement. (c) Excision of the lesion from 
the pericardium (respecting the phrenic nerve). (d) Final 
surgical specimen
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There are few reports on minimal invasive treat-
ment of retroperitoneal LMs in children [9, 10], 
but, when feasible, it provides some important ben-
efits (less recurrence if total resection is achieved, 
less pain, direct control of vital structures). Most 
authors choose a laparoscopic transperitoneal 
approach. Some maneuvers can facilitate the pro-
cedure, like placing the patient on a lateral position 
and catheterizing the ureters through cystoscopy. A 
particular care with major vascular structures must 
be considered in this anatomic location.

41.5.3  Subcutaneoscopy for LMs

During the last year, we have started to use a 
new approach for subcutaneous thoracic and 
 abdominal microcystic lymphatic malformations 
that do not infiltrate the skin (unpublished results). 
It is inspired in the endoscopic subcutaneous 
mastectomy, a technique recently described for 
male gynecomastia [11]. The patient is placed in 
an adequate position, depending on the anatomi-
cal site. The limits of the lesion are drawn with 
a marker pen, and a tight adhesive tape is placed 
around, in order to limit the CO2 emphysema. 
The port incisions must be placed far enough to 
allow the movement of the instruments, but as 
near as possible from the cavity that the surgeon 
will create. To do so, at least 50 cc of physiologic 
serum are injected around the lesion, to separate 
it from the surrounding tissues, creating a virtual 
working space (Fig. 41.2).

Gas is insufflated with moderate pressure 
(10–15 mmHg), to avoid skin necrosis, and flow 
is set at 5–10  lpm. We use two 5 mm ports for 
camera and for the Harmonic ACE™ +7 23 cm 
scissors (Ethicon, Johnson & Johnson). A third 
3 mm trocar is placed for grasping and/or bipolar 
coagulation. Trocars are secured to the skin with 
flanges and silk sutures (Fig. 41.3).

The lesion is first separated from the underly-
ing muscular plane and the surrounding fat tissue, 
using the ultrasonic device (Fig. 41.4). We have 
chosen to use this energy instrument because it 
doesn’t generate smoke, which is important in 
this small working field. Then, the lesion is sepa-
rated from the skin, with care not to damage it. 
One helpful maneuver at this point is to push the 
lesion from the outside with one hand.

41.5.4  Combined Endoscopic 
Management

Different endoscopic techniques (like esophago-
gastroscopy, fiber optics, or rigid bronchoscopy/
laryngoscopy) can provide very valuable informa-
tion regarding compression or transmural involve-
ment, for diagnostic and therapeutic purposes 
(Fig.  41.5). The combination with endoscopic 
ultrasound can help in decision-making in some 
difficult cases. These techniques allow a successful 
direct sclerotherapy under visual control for some 
difficult locations or can be combined with other 
approaches (like percutaneous sclerotherapy).

Fig. 41.2 Subcutaneoscopy for resection of a right-sided 
thoracic wall macro-/microcystic LM (asterisk) that per-
sisted after two sclerotherapy sessions with OK432. (a) 
MRI, T2 axial view. (b) The lymphangioma is located 

above the nipple. Port placement is set on demand. An 
axillary incision is planned in case conversion is needed. 
(c) Physiologic serum is injected to create a virtual cavity 
around the lesion. (d) Final result
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41.5.5  Fetal Treatment and Perinatal 
Management

Despite not being the focus of this chapter and 
that fetal surgery will be further discussed in this 
book, prenatally diagnosed LMs deserve a special 

mention. LMs can be diagnosed during gestation, 
generally around the second or third trimester [4, 
12]. In most cases these lesions do not require 
any intervention before birth, but when located 
in the head and neck region or the mediastinum, 
the risk of upper airway obstruction at birth must 

Fig. 41.3 Subcutaneoscopy for resection of a lumbar 
wall microcystic lymphangioma. (a) MRI, STIR axial 
view. (b) Port placement is set on demand. Steel trocars 

are secured with flanges and silk stitches to the skin. (c) 
While holding the ultrasonic device with the left hand, the 
lesion is mobilized from the outside with the right hand

Fig. 41.4 Endoscopic view of the case in Fig. 41.3. (a) 
Resection of a LM (dotted line), which has been separated 
from the muscle (↔) and now is being dissected from the 

skin (asterisk). (b) View with the lesion completely enu-
cleated, taken with a grasper. (c) Final result

Fig. 41.5 (a) Cervical LM diagnosed after birth. Despite 
the child initially showed no respiratory distress, MRI 
proved a diffuse infiltration of the tongue and airway com-
promise. Laryngoscopy demonstrated extensive pharyn-
geal and laryngeal involvement. (b) Pharynx with multiple 

cysts (arrows). (c) Larynx with cysts that even affect the 
epiglottis (asterisk). A prophylactic tracheostomy was per-
formed before starting treatment (OK432 sclerotherapy of 
the largest cysts and, later on, sirolimus). Tracheostomy 
was successfully removed after 1 year and a half

41 Minimal Invasive Management of Lymphatic Malformations



304

be considered. The EXIT (Ex Utero Intrapartum 
Treatment) procedure provides an excellent 
opportunity of securing the neonatal airway by 
means of tracheal intubation or tracheostomy in 
hands of highly trained teams, as we reported in 
2010 [13]. However, it can be associated with 
severe complications.

Two minimally invasive interventions can be 
especially helpful when managing these cases, in 
order to avoid more aggressive approaches:

 – Prenatal ultrasound-guided percutaneous 
puncture, shunting, or even sclerosis with 
OK432 of macrocystic lesions. This manage-
ment can be useful also in large LMs in other 
anatomical locations that can pose a risk of 
dystocia. However, this management can be 
impossible in certain situations.

 – Fetal endoscopic tracheal intubation (FETI) 
has been recently described [14]. It consists of 
an orotracheal intubation performed though 
fetoscopy to prenatally secure the airway and 
could successfully avoid some EXIT 
procedures.

41.6  Postoperative Care

Pain control with conventional analgesia is usu-
ally enough. Antibiotic prophylaxis or treatment 
should be followed according to each center pro-
tocol. Drainages and/or compressive dressings 
are highly recommended in subcutaneous lesions 
and should be kept in place for at least 24–48 h. 
Patients can be discharged on the same operative 
day, if there is no risk of bleeding. Otherwise, 
24 h of hospital stay are recommended. A chest 
X-ray before discharge is advisable after excision 
of intrathoracic lesions, as chylothorax is a pos-
sible complication. Chylous ascites can happen 
in mesenteric LMs, but usually it’s better toler-
ated than in the thorax. Our common practice in 
mesenteric LMs is to recommend a low-fat diet 
during the first week and to perform an outpa-
tient abdominal ultrasound 7–10  days after the 
surgery. It is our common practice to perform an 
MRI 1 year after surgery, to confirm that there is 
not relapse.

41.7  Results

A formal Vascular Anomalies Committee was 
constituted in our center in 2009; since then, 
most cases of vascular anomalies are discussed 
in a multidisciplinary basis. During the period 
January 2009–May 2018, 388 patients with vas-
cular anomalies were treated by the committee. 
From these, 23% of cases had some lymphatic 
malformation (72 patients with pure LMs and 
18 patients with lymphatic-venous malforma-
tions), excluding other complex cases. A total of 
26 patients underwent surgical resection, only 7 
patients through a minimal invasive approach. 
Other five cases required some endoscopic pro-
cedure to help in diagnosis and/or treatment.

A laparoscopic approach was performed in 
three patients, with conversion to minilaparotomy 
in two: in one, due to risk of damaging main 
vascular structures (the inferior vena cava and 
the root of the mesentery), and in the other, due 
to the large size of the lesion. LMs were omen-
tal (two cases) and mesenteric (one case). There 
were no complications or relapses in this group, 
with a mean follow-up of 18 months. During the 
same period, three patients underwent resection 
through laparotomy due to preoperative clinical 
findings. Two of them debuted as massive intra-
lesional bleeding with anemia and hemodynamic 
instability, and the last one had a large microcys-
tic LM that surrounded the superior mesenteric 
artery and was causing crisis of pain. We must 
remark that none of the abdominal LMs treated in 
this period required any intestinal resection, even 
when the mesentery was involved in 3/6 cases (2 
small bowel, 1 colon), thanks to a very careful dis-
section and maintenance of at least one peritoneal 
sheet. This is not a common finding compared to 
other authors [7, 8], in whose larger experience 
bowel resection is not an uncommon procedure.

Regarding thoracoscopy, two procedures were 
performed. Both were mediastinal LMs, not ame-
nable to percutaneous treatment. One of them pre-
sented with intracystic bleeding and was adherent 
to the superior vena cava (SVC), making difficult 
to identify the cyst walls; during the resection, a 
lesion of the SVC happened. The patient under-
went an emergency thoracotomy and the bleeding 
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was controlled. This highlights the importance of 
foreseeing possible complications in certain loca-
tions and disposing adequate measures to treat 
them. The other patient was prenatally diagnosed 
as a CPAM, but thoracoscopy showed a large 
mediastinal microcystic LM, occupying the right 
hemithorax that was resected uneventfully.

Two subcutaneoscopies were performed; 
as there was no preliminary experience of this 
approach in LMs, parents received informed 
consent that this was an experimental proce-
dure. Both cases corresponded to lesions with 
macro- and microcystic features. Sclerotherapy 
had failed twice in the first case, so we looked 
for a more definitive treatment modality with 
minimal scarring. After a short follow-up (7 and 
3 months, respectively), there is no sign of local 
relapse, and excellent cosmetic results have been 
achieved in both patients. Although it seems a 
promising technique, more cases and a longer 
follow-up are needed to confirm its results and 
determine adequate patient selection criteria.

During the same period, only one patient 
required an EXIT procedure due to a prenatal 
diagnosis of a large mediastinal LM that com-
pressed the trachea. Due to the location of the 
cysts (surrounding the main thoracic vessels 
and airway), in utero puncture was discarded 

(Fig.  41.6). After cesarean section, placental 
support time was maintained for 10 min, during 
which nasotracheal intubation and a minimally 
invasive percutaneous ultrasound-guided punc-
ture and voiding of the cysts were performed. 
The patient underwent elective complete resec-
tion via sternotomy 3 days later. There were no 
maternal or child complications.

Five cases underwent some endoscopic pro-
cedure, with diagnostic or therapeutic inten-
tion. One patient with a cervical LM underwent 
a tracheostomy after laryngoscopy confirmed a 
massive involvement of the upper airway, and 
another patient with an oral, lingual, and pharyn-
geal lymphatic- venous malformation underwent 
sclerotherapy though a combined endoscopic and 
percutaneous approach. One patient was diag-
nosed of a bleeding gastric lymphatic-venous mal-
formation thanks to an esophagogastroscopy. Two 
other patients were diagnosed of lymphatic enter-
opathy, in the context of massive mesenteric LMs.

41.8  Tips and Tricks

• When bleeding occurs inside a macrocystic 
LM, the cyst walls can be difficult to distin-
guish from the vessels (particularly, from the 

Fig. 41.6 Prenatally diagnosed mediastinal LM that pro-
duced tracheal collapse and deviation in prenatal US and 
MRI.  An EXIT procedure was performed, to allow a 
secure airway. The pictures show the postnatal MRI, 

before surgical resection via sternotomy. Sclerotherapy 
was not considered in this case due to risk of compression 
of main vascular and airway structures
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veins). Extreme care should be taken in order 
to avoid any serious vascular lesion.

• If major vascular structures are involved, an 
open surgery table with adequate instruments 
should be prepared in case an emergent con-
version is needed.

• When there is a serious possibility of damag-
ing any major structure (vascular, nervous, or 
any high-risk anatomic structure—i.e., esoph-
agus, pancreas), then a subtotal resection 
should be favored, combined if necessary with 
sclerotherapy in the remaining cysts.

• Some difficult cases might benefit from a 
combined approach, using different tech-
niques and even systemic treatments (i.e., 
sirolimus). This can avoid performing 
 unnecessary mutilating resections, like in 
extensive mesenteric lesions.

41.9  Discussion

Current studies prove that LMs show excellent 
results, in terms of cure and symptoms relief, when 
managed by means of multiple sessions of sclero-
therapy with different agents (OK432, bleomycin, 
doxycycline) [5]. However, this might not be a real-
istic approach for certain anatomic locations and for 
microcystic lesions that respond to sclerotherapy in 
a much lesser percentage. In these cases, a minimal 
invasive surgical approach might be a more defini-
tive treatment as a single procedure; it can also be 
combined with sclerotherapy in certain situations. 
However, most evidence is reduced to small case 
series and case reports, without large prospective 
studies, but the usual benefits of MIS (reduced pain 
and scars, reduced bowel adhesions, less bleeding) 
can be found.

Thoracic LMs are very uncommon, and, 
therefore, there are few case reports of thora-
coscopically resected lesions, most of them in 
adult population. Enomoto et  al. [15] reported 
one mediastinal lesion in a child treated through 
thoracoscopy. We have treated two of such cases, 
and one of them suffered a massive bleeding due 
to an unnoticed lesion of the superior vena cava. 
This highlights the importance of an adequate 
preoperative work-up and intraoperative anticipa-

tion of possible severe complications. Conversion 
to open surgery and blood concentrates must be 
available in the shortest possible time.

Abdominal lymphatic malformations can 
develop intraperitoneally or extraperitoneally, 
including the retroperitoneum and the root of the 
mesentery. Their typical debut forms are signs 
and symptoms of acute abdomen due to infection 
or bleeding and bulging; however, US incidental 
finding is becoming more and more common.

Laparoscopic resection of abdominal LM 
has proved to be safe and effective. In a series 
of patients from two pediatric hospitals over a 
5-year period, published by Lagausie et  al. [3] 
in 2005, only 9 out of 15 abdominal lymphatic 
malformations treated surgically were consid-
ered amenable to a laparoscopic approach; from 
these, three patients were converted to an open 
approach due to different technical difficulties. 
With a mean follow-up of 35 months, no recur-
rences were reported.

In 2012, Tran and Nguyen [8] reviewed the 
largest series of patients published to date, 47 
cases treated during a 4-year period, either lapa-
roscopically or laparoscopically assisted (which 
included bowel resections). Seventy-five per-
cent of patients presented mesenteric lesions; 
the remaining 25% were omental. Conversion 
to open approach was required in only 6.4% of 
cases, without any reported complications. With 
a variable follow-up, only one recurrence hap-
pened in a complex mesenteric lesion.

Retroperitoneal LMs are uncommon. When 
symptomatic, surgical treatment with complete 
resection, if possible, is the preferred treatment. 
However, often this is not feasible as they com-
monly infiltrate multiple vital structures. In that 
case, sclerotherapy through a drainage catheter 
might be a better treatment option. Nevertheless, 
severe complications have been reported with 
sclerotherapy too, particularly in adult population. 
A limited number of published reports on laparo-
scopic resection of retroperitoneal LMs in children 
offer good results in terms of few local relapses 
and complications.

Lymphatic malformations can be diagnosed 
prenatally, usually during second trimester. 
Perinatal complications must be anticipated, 
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depending on the location and size of the mal-
formation, like polyhydramnios, hydrops, and 
mechanical dystocia [12]. In these cases, differ-
ent minimal invasive alternatives of prenatal or 
intrapartum interventions can be considered in 
order to prevent life-threatening events for both 
mother and child.

Advances in technology and instruments are 
making minimal invasive surgery a very attractive 
and more definitive approach than sclerotherapy 
for certain LMs. Minimal invasive techniques, 
including endoscopic techniques, provide a wide 
range of benefits that come from diagnostic to 
therapeutic. The pediatric surgeon must be famil-
iar with the diagnostic and therapeutic criteria of 
LMs and must consider all the currently available 
therapeutic armament.
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Laparoscopic-Assisted Endorectal 
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Disease and Familial Adenomatous 
Polyposis
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42.1  Introduction

Hirschsprung’s disease (HD) is a congenital rare 
condition characterized by the absence of gan-
glion cells in the myenteric and submucosal plex-
uses, and it is one of the most common causes of 
intestinal obstruction in the newborn. The disease 
occurs as a consequence of abnormal migration/
differentiation of neural crest-derived neuroblasts 
into the developing gut that determines absence of 
intestinal intramural ganglia. In most of the cases, 
the aganglionosis involves the rectum or rectosig-
moid tract, but it may extend proximally involv-
ing the whole colon or even a tract of the small 
bowel. The incidence of HD is approximately 
1:5000 live births with male preponderance [1]. 
The usual presentation of a neonate affected by 
HD is intestinal obstruction during the first few 
days of life. The most feared complication is 
enterocolitis. The gold standard for the diagnosis 
of HD is rectal suction biopsy [2].

Familial adenomatous polyposis (FAP) is an 
autosomal dominant inherited syndrome charac-
terized by multiple adenomatous polyps, predis-
posing to colorectal cancer development.

Surgical treatment is mandatory in HD and 
FAP.  In HD the main goal is to remove the 
aganglionic segment and pull down the normo-

ganglionic bowel. Many techniques have been 
described, both with open and laparoscopic 
approaches. In the last 20 years, minimally inva-
sive approach has gained popularity, and HD 
treatment changed accordingly. Also Robot- 
Assisted Soave Procedure was described [3].

In this chapter, we describe the main lapa-
roscopic approach performed in our institution: 
the Soave-Georgeson endorectal pull-through 
(ERPT) [4].

42.2  Preoperative Preparation

All patients and their parents have to sign a spe-
cifically formulated informed consent before the 
procedure. Bowel nursing with enema is usually 
recommended for at least 2 days before the opera-
tion. A diet with clear liquids is generally indicated 
for 24–48  h before the operation. Preoperative 
intravenous antibiotics are administered at least 
30 min before the incision. The surgical procedure 
is performed under general anesthesia. A nasogas-
tric tube is positioned to decompress the stomach.

42.3  Positioning

The patient is placed in lithotomy position 
along the long axis of the table, with a slight 
Trendelenburg and left side up, in order to allow 
the access to both the abdomen and the perineum. 
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Skin preparation is performed, and the operative 
field is prepared from nipples to toes, in order to 
include the whole abdomen and perineum, allow-
ing to switch position in a sterile way. Buttocks 
and legs are cleaned circumferentially to the toes 
and sterile stockings are placed on both legs. Also 
the lower part of the back is sterilely prepared. A 
urinary catheter is inserted by the surgeon.

The video monitor is positioned on the left 
side of the patient toward the feet. For the lapa-
roscopic step, the surgeon and cameraman stand 
on the right side of the bed with the scrub nurse 
on the same side (Fig.  42.1). A quality con-
trolled timeout checklist is always performed 
before incision to avoid the risk of incomplete 
compliance.

42.4  Instrumentation

The first port is placed on the right hypochon-
drium in the anterior axillary line. This port is 
usually 5 mm for the infants and 12 mm for older 
children. A 5 mm 30° scope is placed in infants, 
and a 12 mm 30° scope is preferred in older chil-
dren. Intra-abdominal pressure of 6–12  mmHg 
is used to create the pneumoperitoneum. Other 
two ports are inserted: one 5 mm in the right iliac 
region and one 3 mm trocarless in the left lumbar 
region. When the aganglionic segment is long, a 
fourth 5 mm trocar can be added in the left iliac 
region (Fig. 42.2).

The laparoscopic instrumentation consists of 
one 5  mm grasper and one 3  mm grasper, one 
5 mm scissor, one 5 mm sealing/dividing forceps, 
one 5 mm hook, and one 5 mm needle holder.

In addition you need a standard set of instru-
ments for traditional open surgery and electric 
cautery.

42.5  Technique

The technique is divided into two phases, the 
diagnostic and the therapeutic one.

In the diagnostic phase, the aim is to identify 
the colonic transition zone in order to pull through 
the normoganglionic colon. Seromuscular biopsy 
is performed with scissor proximal to the dilated 
colon and sent immediately for the extempora-
neous histological examination. The specimen 
is obtained grasping the colon and cutting along 
the length of the colon (Fig. 42.3). Biopsy site is 
closed with a nonabsorbable suture. If the biopsy 
results show an aganglionic bowel, it is manda-
tory to repeat a biopsy in the upstream colon. It is 

Fig. 42.1 Team position. Red ring is the first surgeon, 
blue ring is the assistant surgeon, rumble is the scrub 
nurse, triangle is the anesthetist, red square is the video 
monitor, and blue rectangle is the scrub table

Fig. 42.2 Position of port sites. Red point: scope port 
(12 mm or 5 mm); black points: 5 mm port in the right 
iliac region and 3 mm port in the left lumbar region
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important to wait for the biopsies results before 
proceeding with the dissection and mobilization 
of the rectum and the colon, if a transition zone 
is not clear.

Once the ganglionic bowel is determined, the 
therapeutic phase can start. A window through 
the rectosigmoid mesocolon is performed with 
sealing/dividing forceps or with hook monopolar 
(Fig. 42.4), paying attention to stay close to the 
colon wall in order to preserve the vascularization. 
In fact, the marginal artery provides the vascular 
supply to the segment which will be pulled down. 
Inferior mesenteric pedicle has to be preserved to 
keep a good vascularization to the rectal cuff.

The window is widened distally until the peri-
toneal reflection in the pelvis. During the dis-
section, it is important to detect ureters and vas 
deferens (in males). When the transition zone is 
found in the superior part of the sigmoid colon, 
or descending colon or in the transverse colon, a 
colon pedicle is required. The rectal dissection is 

performed circumferentially with the monopolar 
hook (Fig. 42.5).

The last abdominal step is the evaluation of 
sufficient colon mobilization by trying to reach 
the pelvis; if it is insufficient, laparoscopic mobi-
lization should continue.

When the colon mobilization and rectal dis-
section end, the pneumoperitoneum is evacuated, 
laparoscopic instruments are removed, and trocars 
are left in place for a second look after the pull-
through in order to check possible colon torsion.

Once the laparoscopic phase has been com-
pleted, the perineal step starts by switching the 
position in a gynecological one. Skin stiches are 
placed in order to expose the anal canal up to the 
pectinate line (Fig.  42.6). Traction sutures are 
placed in the four cardinal points in the proxi-
mal rectal mucosa, and mucosal dissection starts 
5 mm above the dentate line with blunt and sharp 

Fig. 42.3 Seromuscular biopsy is performed with scis-
sor, grasping the colon by its taenia coli, and it is obtained 
by cutting along the length of the colon. The biopsy site is 
closed with a nonabsorbable suture

Fig. 42.4 The rectosigmoid mesocolic window is created 
using sealing/dividing forceps

Fig. 42.5 Rectal circumferential dissection with monop-
olar hook is performed paying attention to ureters and vas 
deferens. Rectal dissection continues distally in order to 
obtain a complete mobilization

Fig. 42.6 Skin stitches are put in order to expose the anal 
canal up to the pectinate line
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electrocautery (Fig. 42.7). Traction sutures help 
the surgeon to retract the mucosa during the cir-
cumferential dissection.

The plane between submucosal and circular 
smooth muscle should be started laterally and then 
continued circumferentially (Fig. 42.8). The sub-
mucosal dissection continues proximally until the 
smooth muscle cuff is achieved and the colorec-
tum prolapses, indicating that the internal perirec-
tal dissection has been reached. When the perineal 
dissection plane joins the laparoscopic one, the 
short muscular rectal cuff is split with cautery pos-
teriorly in the midline 1–2 cm above the dentate 
line, in order to provide space for neorectal reser-
voir. The cuff is pushed back into the pelvis, and 
the aganglionic bowel is pulled through the anal 

canal until the most proximal biopsy site, previ-
ously marked with recognizable suture.

Before performing the anastomosis, it 
is important to inspect the internal cuff and 
straighten it if necessary.

The anastomosis between anal canal and nor-
moganglionic bowel can now be performed. The 
anastomosis must always be done proximally 
to the biopsy site. The anterior half of the pull- 
through bowel is incised, and separate absorb-
able 5-0 or 6-0 stitches are placed at 12 o’clock, 
9 o’clock, and 3 0’clock positions (Fig.  42.9). 
The pull-through bowel is then completely tran-
sected, and a single stitch at 6 o’clock site is put. 
The anastomosis is ended with other separate 
stitches in each quadrant (Fig.  42.10). A total 
of eight stitches are usually added (two for each 
quadrant).

The pneumoperitoneum is reintroduced in 
order to check the correct orientation of the vas-
cular pedicle and to exclude internal herniation, 
then the pneumoperitoneum is evacuated, the 
ports are removed, and the port sites are closed 
with fascial and skin stitches.

42.6  Postoperative Care

In the postoperative period, the patients can keep 
a normal decubitus. Nasogastric tube is removed 
at the end of the operation. The urinary catheter 

Fig. 42.7 Traction sutures are put in the proximal rectal 
mucosa to help the surgeon during the dissection and 
mucosal dissection starts with blunt and sharp 
electrocautery

Fig. 42.8 The plane between submucosal and circular 
smooth muscle is started laterally and then continued 
circumferentially

Fig. 42.9 The anterior half of the pull-through bowel is 
incised, and absorbable stitches are placed at 12 o’clock, 
9 o’clock, and 3 o’clock positions
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is left in place until opioid analgesics are used. 
Otherwise, the urinary catheter can be removed 
after 24 h.

Oral feeding can restart when there is evi-
dence of bowel function. Antibiotic prophylaxis 
is continued for 24 h after surgery. The analgesic 
therapy is managed by a specialized team which 
follows the patient daily.

All patients are discharged on the third–fourth 
postoperative day, if the course is uneventful.

No shower is admitted for 1 week after surgery.
Narcosis visit in the operation theater is planned 

after 3–4 weeks from the pull-through for the rec-
tal examination to check the anastomosis, in par-
ticular the presence of stenosis. If the anastomosis 
is felt tight, weekly dilatation is supported.

42.7  Results

In the last 10 years (2007–2017), we performed 
the Soave-Georgeson technique in 91 patients. 
The average age at surgery was 21.5  months 
(range 1.58–223.34 months).

The median length of surgery was about 
190 min (range 80–525 min). In three patients, 
the operation was performed with robotic da 
Vinci assistance, with longer operative time. No 
intraoperative complications occurred, but in 
three cases the conversion to open surgery was 
necessary for long aganglionic bowel (beyond 
the transverse colon).

The median time to return to full daily activi-
ties was 6 days (range 4–18).

Follow-up is usually carried out by clinical 
examinations at 1  month, 6  months, and then 
annually. In our series, within 91 patients, no 
recurrence was recorded. Anastomosis stricture 
occurred in two patients, who underwent two 
dilatations with success result. Cuff stricture 
occurred in two patients, who underwent two 
dilatations with failure, and, later, a laparoscopy 
was indicated for cuff dissection.

42.8  Tips and Tricks

When placing the first trocar with Veress needle 
technique, it is important to pay attention to liver 
injuries, especially in neonates. In fact, in new-
borns the inferior liver margin extends far from 
the costal margin.

During the laparoscopic perirectal dissection, 
the surgeon must take care during the lateral and 
anterior dissection, in order to avoid damage to 
the nervi erigentes, deferens, and vagina which 
can result in impotence or bladder dysfunction.

When a vascular pedicle is performed, the 
surgeon should always assess the length of the 
pedicle, ensuring that the segment of bowel is 
sufficiently mobile to reach the deep pelvis with-
out tension.

The posterior split of the rectal cuff has to be 
always performed, for the high risk of cuff retrac-
tion and stricture.

In case of very dilated colon up to the transition 
zone, it is recommended to remove normogan-
glionic bowel, so that the coloanal anastomosis 
involves normal, non-dilated colon wall.

Ischemia, torsion, tension, and cuff stricture 
must be avoided as they lead to complications, 
with necessity of re-intervention.

42.9  Discussion

For many decades surgical treatment of HD was 
characterized by staged procedures, while in recent 
years many surgeons have preferred one- stage 
pull-through operations with minimal morbidity 

Fig. 42.10 End of the anastomosis
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rates and encouraging results [5–8]. A lot of stud-
ies demonstrate the importance of minimal access 
approach to treat HD [9–11]. The first description 
of laparoscopic-assisted endorectal pull-through 
was reported by Georgeson in 1995 [4].

The Soave-Georgeson endorectal pull-through 
provides important advantages compared to other 
procedures. First of all, the mobilization of the 
colon pedicle with a laparoscopic approach 
allows to reduce peritoneal trauma and subse-
quent adherence formation. Second, the laparo-
scopic approach permits a less bloody perirectal 
dissection compared to open procedure [12]. 
Third, with laparoscopic assistance, clear delin-
eation of pelvic structures, faster postoperative 
recovery, and better cosmetic results have been 
described [13–15]. Moreover, compared to 
totally transanal endorectal pull-through, the 
Soave- Georgeson technique allows to better 
assess the colon pedicle tension, to avoid colon 
twisting, and to perform intraoperative colon 
biopsies before starting endorectal dissection and 
mesocolic vessel division.

Finally, current literature shows that mini- 
invasive procedures provide advantages over open 
surgery in terms of operative time, intraoperative 
blood loss, postoperative hospital stay, soiling/
incontinence, and constipation. In contrast, no 
differences are present for enterocolitis occur-
rence and anastomotic stricture [16, 17]. We can-
not compare the laparoscopic ERPT with the total 
transanal ERPT and Duhamel operation as in our 
institute we do not perform these techniques.
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43.1  Introduction

Anorectal malformations (ARM) are relatively 
common in children, affecting 1/5000 live births. 
Since the description of the posterior sagittal 
anorectoplasty (PSARP), the rectum is most 
often easily reachable from a posterior sagittal 
approach [1]. However, there are some malfor-
mations in which the rectum is located high in the 
pelvis and can benefit from a combined abdomi-
nal and perineal approach [2]. It is important to 
understand that if the fistula is low in the pelvis, 
below the peritoneal reflection (low rectoprostatic 
or rectobulbar or low rectum without a fistula), it 
may be more difficult to mobilize the very distal 
rectum away from the urinary/gynecologic tract 
utilizing an abdominal approach. Inadequate 
ligation of the fistula results in a retained remnant 
of the original fistula (ROOF) [3].

In this chapter we describe the indications, 
preoperative and postoperative considerations, 
surgical steps, and useful tips and tricks for 
utilizing laparoscopy for the primary repair of 
ARM.

43.2  Preoperative Preparation

All patients must have a complete VACTERL 
(vertebral, anal, cardiac, tracheoesophageal, 
renal, and limb) screening work-up. This includes 
chest X-ray and abdominal X-ray, AP and lateral 
sacrum X-ray, spinal U/S or MRI, echocardio-
gram, and renal U/S. Urological assesment by a 
pediatric urologist should be also performed in all 
patients with anorectal malformations.

Before the procedure a high-pressure distal 
colostogram should also be completed in order to 
identify position and length of the distal rectum. 
This study will help the surgeon decide whether 
the patient requires a posterior sagittal approach 
only or one combined with a laparoscopic/
abdominal assisted pull-through.

A useful rule to assist the surgeon on whether 
or not a laparoscopic approach can be taken is 
to draw a line from the tip of the coccyx to the 
very next structure one would find via a posterior 
sagittal approach. If the structure which the line 
touches on the contrast enema is the rectum, then 
the rectum is reachable from below. If that struc-
ture which the line touches is the bladder, ure-
thra, or vagina, then laparoscopy will be needed 
in order to dissect the rectum intra-abdominally 
(Fig. 43.1a, b). Patients do not need any bowel 
preparation before surgery as all of them have a 
colostomy. Broad-spectrum antibiotics are given 
immediately prior to incision.
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43.3  Positioning

The patient is placed in supine position.

43.3.1  Total Body Preparation

We firstly perform a total body preparation; two 
people are needed to complete the prep; one per-
son preps the patient, while the other (wearing 
sterile gloves on) lifts the patient. Once the entire 
patient is prepped from the toes to the nipples, the 
prep person pulls the 3/4 sheet out from under the 
patient, and the scrub nurse places sterile 3/4 sheet 
under the patient, and then legs are laid down. The 
patient is the placed through the circular hole of a 
large sterile drap. The legs are wrapped in sterile 
dressing (sterile cotton and Coban) up to the but-
tock crease. The Coban should have a “toe flap” 
(so that it can later have a clamp on it without 
crushing the toes or falling off).

The stoma should be covered by a sponge and 
sterile tape. A coude tip urethral catheter must 
be placed to drain the bladder on sterile field. A 

wide tip 60-mL syringe should be connected to 
the coude (coude tip catheter is easier to insert in 
patients with anorectal malformation and recto- 
urinary fistula) catheter for urine collection dur-
ing the procedure.

43.3.2  Trocar Positioning

A 5-mm umbilical access is used to start the 
pneumoperitoneum with 8–10  mmHg of pres-
sure. 4-mm trocars in the right upper quadrant 
and right mid abdomen are placed. The right 
upper quadrant port is for the camera access. 
The right lower quadrant port is for the surgeon’s 
right hand and the umbilicus is for the left hand. 
If needed a left upper quadrant port can be placed 
to help retract the sigmoid and used to place the 
endoloop to ligate the fistula (Fig. 43.2a, b). Once 
the abdominal portion is completed, the patient’s 
legs are elevated in order to have access to the 
perineum. We are able to elevate the legs by 
clamping with a mosquito clamp the toe flap of 
the Coban dressing and then utilizing an S-shape 

a b

Fig. 43.1 (a) Line from coccyx touches the rectum first—case can be done posterior sagittally. (b) Line from coccyx 
touches urinary tract first—case needs laparoscopy
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retractor to hang the mosquito onto the anesthe-
sia screen bar. A small roll in the distal lumbar 
area is placed to elevate the buttocks.

43.4  Instrumentation

A 5-mm 30° camera and 4-mm trocars (2 or 3) 
are utilized as the instruments (5-mm trocars are 
also accepted). Hook electrocautery and a 3-mm 
endosealer are utilized to avoid thermal spread when 
approaching the bladder/vagina. A 3-mm grasper in 
the upper left quadrant can be utilized in the left 
upper quadrant to provide additional traction.

In recto-bladder fistula if the bladder anatomy 
of the patient blocks the view of the distal dis-
section of the rectum going into the bladder, a 
transcutaneous stitch to elevate the bladder could 
be also performed to improve posterior bladder 
visualization. To ligate the fistula, a preloaded 
endoloop with 2/0 absorbable monofilament 
works well. Staplers should be avoided on blad-
der and vaginal sutures. For the posterior anal 
portion of the case, a nerve stimulator is utilized 
to identify the anterior and posterior limits of the 
sphincter mechanism. For the rectal dissection, 
fine electrocautery tip (Colorado tip or Olsen tip) 
results in the most precise dissection. In addition, 
a standard set of open instruments is needed, and 
also a traditional monopolar cautery.

43.5  Technique

Once the trocars are placed and pneumoperito-
neum achieved, we identify the rectum in the pel-
vis going down to the pelvis inlet. The first step 
(if necessary) is to fix the bladder to the anterior 
abdominal wall with a transcutaneous stay suture 
to have better exposure of the pelvis.

The distal rectum is then mobilized using 
an energy device in a circumferential fash-
ion, starting with the anterior attachments and 
working laterally until the posterior attach-
ments are able to be visualized and released. 
While doing this dissection, both ureters and 
vas deferens were identified and avoided. The 
3-mm endosealer is very helpful for attach-
ments near the bladder as it avoids thermal 
spread. Great care needs to be taken to pre-
serve the IMA and its branches which provide 
intramural blood supply to the distal rectum. 
Once the fistula is dissected circumferentially, 
a fourth 3-mm instrument assists with division 
of the fistula. Once the fistula is  dissected cir-
cumferentially, at the point of maximal taper-
ing near the bladder, the fistula is divided. 
The distal fistula should be dissected to the 
size whereby a 3-mm grasper can completely 
traverse it. The bladder side is secured with a 
grasper and a preloaded endoloop used to close 
the fistula site (Fig. 43.3).

a b

Fig. 43.2 (a) Trocar positioning in a laparoscopic assisted anorectoplasty for ARM. (b) Positioning for the posterior 
sagittal approach portion of the procedure
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Once there is sufficient rectal length, the 
patient’s legs are elevated. There is no need 
for prone positioning. The muscle complex is 
defined (anterior and posterior limits are noted 
and marked) with the nerve stimulator, and 
a limited posterior sagittal incision is made 
(Fig.  43.4). The incision is opened with elec-
trocautery and with blunt dissection in order to 
reach the peritoneal reflection (Fig.  43.5). We 
then tack the muscles to the pulled through rec-
tum to avoid prolapse and perform an anoplasty 
with 16 interrupted sutures. The perineal inci-
sion is closed with interrupted sutures as well 
(Fig. 43.6).

43.6  Postoperative Care

In the postoperative period, the patient can be 
maintained in a supine position. We recom-
mend avoiding any buttock spreading the first 
2  weeks following surgery. Nasogastric tube is 
not required in the postoperative period. Full oral 
feeds can be initiated immediately following sur-
gery as the child has a colostomy. Postoperative 
antibiotics can be limited to two postoperative 
doses. The analgesic requirement is generally 
limited to the first 48 postoperative hours.

The coude catheter is kept in place for 1 week 
in patients with recto-bladder or rectourethral fis-

Fig. 43.3 Ligation of the rectourethral fistula

Fig. 43.4 Limited perineal incision, patient is in supine position
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tula. In females with rectovaginal fistula, it is kept 
1–2 days. In cloacas it will determined by the ure-
thral work done during the procedure after the lap-
aroscopic dissection. The catheter can be placed 
between two diapers to allow the infant more com-
fort and mobility. Patients are usually discharged 
on the second to third postoperative day. Before 
discharge the posterior sagittal wound as well as 
the anoplasty should be carefully inspected at the 
bedside in order to rule out dehiscence or muco-
sal traction at the anoplasty site. In the postopera-
tive period and upon discharge, the wound should 
be washed with soap and water, wiping should 
be avoided and the area should be patted dry. No 

creams or ointments should be applied on sutures 
or incision. Tub bath should be avoided for a week 
after surgery. The patient will need to be examined 
in clinic 2 weeks after surgery to assess the need 
for anal dilations. Once the ideal Hegar size for 
age is reached, the colostomy can be closed, usu-
ally 2–3 months after the procedure.

43.7  Results

The average length of surgery is about 3–4  h 
for bladder neck fistulas and high rectovaginal 
fistulas. For cloacas it will depend on the anat-

Fig. 43.5 Obtaining access to pelvis via the perineal incision

Fig. 43.6 Tacking of the rectum, anoplasty, and perineal closure
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omy of the cloaca (length of the common chan-
nel, length of the urethra, and need for vaginal 
replacement). Follow-up is carried out by clini-
cal examinations at 2 weeks to assess anal dila-
tions, 2–3 months after for colostomy closure, 
and every 6 months–1 year for general follow-up 
and assessment of constipation or incontinence.

In our series from June 2014 to May 2018, we 
have performed 20 laparoscopic assisted PSARP 
for ARM: 16 recto-bladder neck, 2 rectovaginal, 
and 2 high rectums in cloaca. No complications 
occurred relating to the laparoscopic approach 
or mini-posterior sagittal approach. Sixteen of 
the patients required anal dilations and four did 
not. There was one postoperative stricture that 
required revision. There was no rectal prolapse.

43.8  Tips and Tricks

 1. Review the high-pressure distal colostogram 
prior to deciding posterior vs. abdominal (lap-
aroscopic) approach.

 2. Draw a line from the tip of the coccyx to the 
very next structure one would find via a poste-
rior sagittal approach. If the structure on the 
contrast enema is the rectum, then the rectum 
is reachable from below.

 3. Identify the vas deferens and ureters during 
pelvic dissection.

 4. Rectal dissection should be kept immediately 
outside the muscle wall of the rectum.

 5. Mark the sphincter complex with its anterior 
and posterior limits both before administering 
paralytics and prior to making a limited poste-
rior incision.

 6. Utilize a limited posterior incision instead of 
serial trocar dilations as the rectum can then 
be pexied to the muscle complex, preventing 
future prolapse, and it is a safer way to find the 
path into the pelvis.

43.9  Discussion

Malformations such as perineal, vestibular, rec-
tobulbar, and low rectoprostatic are easy to repair 
with a posterior sagittal approach. The ARMs, 

which benefit from laparoscopy, include high 
prostatic or bladder neck fistula in males and 
congenital high rectovaginal fistula or cloacas 
with high rectum in girls [3]. It is important to 
understand that if the fistula is low in the pel-
vis (low rectoprostatic or rectobulbar, below the 
peritoneal reflection), it is much more difficult to 
ligate the fistula close to the urinary/gynecologic 
tract from an abdominal approach. Inability to 
perform close ligation to the urinary/gynecologic 
structures results in a remnant of the original 
fistula (ROOF) being left behind causing future 
problems (Fig. 43.7a, b) [4, 5].

Careful selection of the approach on anorectal 
malformations reconstruction cannot be stressed 
enough. A purely posterior sagittal approach only 
in those patients with high rectum can pose dan-
gerous. First, the dissection travels deep into the 
pelvis often requiring a coccygectomy in order to 
reach the peritoneal reflection. Second, if the rec-
tum in high, the bladder can be easily confused 
with the rectum and leading to misidentification 
and injury to the urinary tract.

Once the indication of laparoscopy is made 
with the help of the lateral view of the high- 
pressure distal colostogram, a limited poste-
rior sagittal incision can be beneficial. Some 
authors advocate not performing any incision 
or dissection of the sphincter mechanism. They 
perform a straight pull-through placing a trocar 
in the perineum without opening the muscles 
[6]. Normally, the malformations that require 
laparoscopy are high, which also correlate 
with a poor sphincter complex development, 
spinal cord and sacral issues, and weak pelvic 
musculature. These factors taken together can 
result in rectal prolapse [3]. With the help of a 
limited posterior sagittal incision, the rectum 
is anchored to the edges of the sphincter com-
plex minimizing the risk of rectal prolapse [4]. 
Another advantage of the mini-posterior sagit-
tal incision is that the center of the sphincter 
mechanism and the angle the muscles take as 
they merge into the levators are clearly identi-
fied. This also allows for a safer trajectory into 
the pelvis [7]. Overall, the morbidity of a mini-
posterior sagittal incision is low and the benefits 
are remarkable.

A. Vilanova-Sánchez et al.
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Fig. 43.7 (a) MRI demonstrating large ROOF emanating from the prostate. (b) VCUG demonstrating filling of the 
ROOF with contrast
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Laparoscopic Management 
of Acute Appendicitis

Philipp Szavay

44.1  Introduction

Over the last 10–15  years, the management of 
appendicitis in childhood has changed with regard 
to diagnosis and therapy. From the first report of 
conventional appendectomy in 1894 for decades, 
appendectomy through an incision as described 
by McBurney [1] has been the gold standard in 
surgical treatment of (suspected) acute appendici-
tis. With the implementation of ultrasound, scor-
ing systems to facilitate the surgical indication 
and minimal invasive techniques for surgery since 
the 1980s, nowadays ranging from conventional 
laparoscopy to single-site surgery the surgical 
treatment of appendicitis has been undergoing 
significant advances. The aim is to propose prac-
tical clinical guidelines for the current gold stan-
dard of laparoscopic appendectomy.

44.2  Current Status and General 
Aspects of Laparoscopic 
Appendectomy

Meanwhile advantages of laparoscopic appen-
dectomy are widely acknowledged as well as 
accepted. Compared to open surgical procedures 
[1], the rate of wound infections is lower, cosme-

sis is superior, while the length of hospitalization 
is shorter, and postoperative pain is less, respec-
tively [2–6]. A nationwide survey from Germany 
reported the current status of laparoscopic appen-
dectomy [7]. In 71 out of 98 pediatric surgical 
institutions, appendectomy is performed lapa-
roscopically; however still only 56 institutions 
considered it to be their standard approach. In 
90% a three-trocar technique was preferred, 
while 10% of surgeons used a single-incision 
laparoscopic approach. In 93% of pediatric sur-
gical institutions, a single-shot antibiotic therapy 
was administered perioperatively. In those insti-
tutions where laparoscopic appendectomy was 
considered to be the standard approach, during 
regular working hours in 87%, the procedure was 
carried out as a training procedure with a resident 
or fellow, respectively, operating. This number 
decreased to 63% during on-call times. In con-
clusion this report could show that laparoscopic 
appendectomy is the standard for surgical ther-
apy of acute appendicitis.

44.3  Preoperative Preparation

Informed consent is obtained from all patients 
or their parents, respectively, prior to surgery. 
General anesthesia with muscle relaxation is 
provided. A Foley catheter is inserted in order to 
control urinary drainage as well as providing an 
empty bladder during laparoscopy for improved 
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working space and view. Perioperative single- 
shot antibiotic therapy with cefuroxime and 
metronidazole is administered according to the 
weight of the patient. The patient is prepped and 
placed according to local standards and follow-
ing the rules of asepsis.

44.4  Positioning and Ergonomics

The patient is placed in supine position. According 
to the specific operating theater specification and 
set-up, respectively, the monitor is positioned on 
the right side of the patient in order to provide the 
surgeon with a view in direction to the operating 
field. Additional monitors are placed meaning-
fully around the patient to facilitate view for the 
assistant surgeon, scrub nurses, anesthetists, and 
others, respectively. Surgeon’s position is on the 
left side of the patient, while the assistant surgeon 
driving the camera is standing on the same side, 
with both the surgeons looking in direction to the 
patient’s right side. The scrub nurse is standing 
across at the patient’s right side.

44.5  Instrumentation

The conventional approach for laparoscopic 
appendectomy is a three-trocar access to the 
abdomen, with one 5 or 10  mm trocar, respec-
tively, at the umbilicus as for a 5  mm camera, 
as well as two 5 mm working ports in the lower 
abdomen. Those can be either placed symmetri-
cally at the “bikini-line” thus suprapubic lateral 
in the right and the left lower quadrant, respec-
tively, or asymmetrically with one trocar in the 
midline. As in general triangulation should be the 
goal with respect to the appendix (see Fig. 44.1).

44.6  Technique

Surgical steps of laparoscopic appendectomy are 
defined as identification of the (inflamed) appen-
dix, dissection of the mesoappendix, resection 
of the appendix, and recovery of the appendix 
from the abdominal cavity. Before removing the 

 trocars, other pathology should be ruled out, such 
as Meckel’s diverticulum or ovarian pathology.

For dissecting the mesoappendix, different 
techniques and according techniques are suit-
able. Those comprise the use of either mono-
polar or bipolar dissection, but also harmonic 
or vessel sealing devices in order to control the 
vessel supply of the appendix safely. However 
the latter are more expensive and mostly dispos-
able devices. Ligation of the appendix and care 
for the appendicular stump may be achieved 
by using pre- provided loops, such as PDS® 
endoloops, clips, or stapling devices [8]. In our 
hands, monopolar and bipolar dissection with 
the use of PDS® endoloops has proved to be safe 
and cost-effective. However there is some evi-
dence, that in case of complicated appendicitis, 
the use of an endostapler offers advantages with 
regard to postoperative abscess formation and 
reoperation [6]. The appendix might be recov-
ered through the umbilical trocar when a 10 mm 
trocar is used for this purpose. This offers the 

Fig. 44.1 Trocar sites for conventional laparoscopic 
appendectomy
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ability to change with the 5  mm optic to one 
of the working ports, while the 10  mm trocar 
then allows recovering the appendix without 
contaminating the abdominal wall or trocar site, 
respectively. In case the appendix will not fit in, 
the use of a recovery bag either provided by a 
manufacturer or using a finger from a surgeon’s 
glove is reasonable.

Other techniques regarding the surgical 
approach are summarized with the so-called 
single- site or single-incision laparoscopic sur-
gery, respectively, aiming to approach the 
abdomen through just one single trocar most 
preferable at the site of the umbilicus. For this 
different acronyms have been implemented. See 
Table 44.1.

Meanwhile the established and used tech-
niques are variant and include laparoscopi-
cally assisted techniques, where the appendix 
is pulled out through the umbilical trocar site to 
be dissected and removed outside the abdomen. 
In contrary the true laparoscopic single-trocar 
techniques accomplish the complete procedure 
intracorporally. Therefore a variety of single-use, 
disposable trocar systems are available; how-
ever reusable trocars exist too. A weight-adapted 
approach is possible with the use of such trocars 
for a large variety of indications in pediatric lapa-
roscopy. See Fig. 44.2.

A simplified technique using surgical gloves as 
a “port”, with the single digits functioning as gate 
for instruments and camera respectively has been 
described. In comparing the different techniques 
of single-trocar laparoscopic surgery, multiple 
publications report no clear advantages for this 
technique nor for any other technique. The ques-
tion whether to operate openly or laparoscopi-
cally for acute appendicitis has been overcome by 
rather raising the issue of conventional three-port 
laparoscopy versus single-trocar surgery. With 

the use of a single-trocar approach, it seems at 
least that none of the advantages which have been 
achieved with laparoscopy seem to be at risk to 
be compromised. There might be differences with 
regard to cosmesis; however there is still a lack 
of evidence whether there is superior approach 
in terms of patient’s satisfaction. A criterion for 
decision-making on which devices and material 
should be used is cost efficiency, which obviously 
is an issue with disposable  trocar systems.

In patients with perforated appendicitis, it 
could be shown that with the achievements of 
laparoscopic surgery as well as of the improve-
ment in technical skills even in the case of 
abscess formation, early laparoscopic appen-
dectomy is not just possible but shows no dif-
ferences regarding recurrence of an abscess, 
complications, length of hospital stay, and costs, 
respectively, compared to patients undergoing a 
so-called interval appendectomy following anti-
biotic treatment.

Irrigation of the surgical site (locally—thus 
avoiding spillage to other abdominal quadrants) 
and suctioning are appropriate measures to con-
trol local inflammation intraoperatively. The use 
of drainages should be avoided. They do not offer 
any additional advantage [6].

Table 44.1 Acronyms for single-trocar techniques for 
laparoscopy

Acronym Meaning
LESS Laparoendoscopic single-site surgery
SILA Single-incision laparoscopic appendectomy
SILS™ Single-incision laparoscopic surgery
SIPES Single-incision pediatric endosurgery

Fig. 44.2 Example of reusable single-site trocar for lapa-
roscopic appendectomy

44 Laparoscopic Management of Acute Appendicitis



326

44.7  Postoperative Care

Antibiotic treatment is administered accord-
ing to local guidelines, however, and may be 
adapted with regard to intraoperative findings. 
Oral feeding may be allowed up to 6 h after sur-
gery, however again, and need to be adapted to 
the intraoperative assessment of inflammation, 
peritonitis, and paralysis of the bowel, respec-
tively. Analgetics for postoperative pain control 
should be administered with a low treshold and 
in general following international recommenda-
tions such as the WHO “Treatment Guidelines on 
Pain” which should be adapted for local require-
ments and specifities. Patients with uncompli-
cated appendicitis can usually be discharged 
1–3 days after surgery.

44.8  Discussion

It took 99 years from McBurney’s report on open 
appendectomy [1] to the first laparoscopic appen-
dectomy by Semm in 1983 [9]. Another 8 years 
later, Valla reported a first series on laparoscopic 
appendectomy in children [10]. Meanwhile lapa-
roscopic appendectomy has evolved to become 
the gold standard for the surgical therapy of acute 
appendicitis in children [7, 11–16]. Laparoscopic 
appendectomy has been proven to be effective, 
safe, associated with a low complication rate and 
on the same hand offering low morbidity due to 
the surgical trauma, while providing superior 
cosmesis, fast recovery and quick return to daily 
and social activities. Laparoscopic appendec-
tomy has been also shown to be the treatment 
of choice in case of complicated appendicitis; 
however it is considered to be equally effective 
as interval appendectomy [3–5, 12]. As a side 
effect, laparoscopy for suspected appendicitis 
offers the possibility to rule out other surgical 
diseases in the abdomen such as ovarian pathol-
ogy, Meckel’s diverticulum, other bowel-related 
inflammatory affections, or even helminthiasis. 
See Fig. 44.3.

Thus, laparoscopy for suspected appendicitis 
offers diagnostic as well as therapeutic options 
even in case the appendix is not affected.

In conclusion laparoscopic appendectomy is 
not only the gold standard for suspected acute 
and complicated appendicitis but should be con-
sidered as the true technique of choice for sur-
gical treatment of appendicitis in children [4, 7, 
16]. The question whether to operate openly or 
laparoscopically has been resolved in favor of 
laparoscopy, and the question whether to oper-
ate on with conventional or single-trocar lapa-
roscopic surgery depends on personal as well as 
from local preferences [17–19].

References

 1. McBurney C.  The incision made in the abdominal 
wall in cases of appendicitis, with a description of a 
new method of operating. Ann Surg. 1894;20:38–43.

 2. Chandler NM, Danielson PD.  Single-incision lapa-
roscopic appendectomy vs multiport laparoscopic 
appendectomy in children: a retrospective compari-
son. J Pediatr Surg. 2010;45:2186–90.

 3. St Peter SD, Sharp SW, Holcomb GW III, Ostlie 
DJ.  An evidence-based definition for perforated 
appendicitis derived from a prospective randomized 
trial. J Pediatr Surg. 2008;43:2242–5.

 4. Holcomb GW III, St Peter SD. Current management 
of complicated appendicitis in children. Eur J Pediatr 
Surg. 2012;22:207–12.

 5. St Peter SD, Aguayo P, Fraser JD, Keckler SJ, Sharp 
SW, Leys CM, Murphy JP, Snyder CL, Sharp RJ, 
Andrews WS, Holcomb GW 3rd, Ostlie DJ.  Initial 
laparoscopic appendectomy versus initial nonop-
erative management and interval appendectomy for 
perforated appendicitis with abscess: a prospective, 
randomized trial. J Pediatr Surg. 2010;45:236–40.

 6. St Peter SD, Snyder CL. Operative management of 
appendicitis. Semin Pediatr Surg. 2016;25(4):208–11.

 7. Dingemann J, Metzelder M, Szavay P.  Current sta-
tus of laparoscopic appendectomy in children. A 

Fig. 44.3 Dissection of appendix, revealing oxyures 
responsible for appendicitis

P. Szavay



327

nationwide survey in Germany. Eur J Pediatr Surg. 
2013;23(3):226–33.

 8. Escolino M, Becmeur F, Saxena A, Till H, Holcomb 
GW III, Esposito C.  Endoloop versus endostapler: 
what is the best option for appendiceal stump closure 
in children with complicated appendicitis? Results 
of a multicentric international survey. Surg Endosc. 
2018;32(8):3570–5.

 9. Semm K.  Endoscopic appendectomy. Endoscopy. 
1983;15:59–64.

 10. Valla JS, Limonne B, Valla V, Montupet P, Daoud N, 
Grinda A, Chavrier Y. Laparoscopic appendectomy in 
children: report of 465 cases. Surg Laparosc Endosc. 
1991;1(3):166–72.

 11. Ure BM, Spangenberger W, Hebebrand D, Eypasch 
EP, Troidl H.  Laparoscopic surgery in children and 
adolescents with suspected appendicitis: results of 
medical technology assessment. Eur J Pediatr Surg. 
1992;2:336–40.

 12. Blakely ML, Williams R, Dassinger MS, Eubanks JW 
III, Fischer P, Huang EY, Paton E, Culbreath B, Hester 
A, Streck C, Hixson SD, Langham MR Jr. Early vs 
interval appendectomy for children with perforated 
appendicitis. Arch Surg. 2011;146:660–5.

 13. Aziz O, Athanasiou T, Tekkis PP, Purkayastha 
S, Haddow J, Malinovski V, Paraskeva P, Darzi 
A. Laparoscopic versus open appendectomy in chil-
dren: a meta-analysis. Ann Surg. 2006;243:17–27.

 14. Esposito C, Borzi P, Valla JS, Mekki M, Nouri A, 
Becmeur F, Allal H, Settimi A, Shier F, Sabin MG, 
Mastroianni L. Laparoscopic versus open appendec-
tomy in children: a retrospective comparative study of 
2,332 cases. World J Surg. 2007;31:750–5.

 15. Alkhoury F, Burnweit C, Malvezzi L, Knight C, Diana 
J, Pasaron R, Mora J, Nazarey P, Aserlind A, Stylianos 
S. A prospective study of safety and satisfaction with 
same-day discharge after laparoscopic appendectomy 
for acute appendicitis. J Pediatr Surg. 2012;47:313–6.

 16. Iqbal CW, Ostlie DJ. The minimally invasive approach 
to appendectomy: is less better? Eur J Pediatr Surg. 
2012;22:201–16.

 17. Szavay P, Luithle T, Nagel C, Fuchs J.  Weight 
adapted surgical approach for laparoendoscopic 
single- site surgery in pediatric patients using low-cost 
reusable instrumentation: a prospective analysis. J 
Laparoendosc Adv Surg Tech A. 2013;23(3):281–6.

 18. Hayashi M, Asakuma M, Komeda K, Miyamoto Y, 
Hirokawa F, Tanigawa N.  Effectiveness of a surgi-
cal glove port for single port surgery. World J Surg. 
2010;34:2487–9.

 19. St Peter SD, Adibe OO, Juang D, Sharp SW, Garey 
CL, Laituri CA, Murphy JP, Andrews WS, Sharp 
RJ, Snyder CL, Holcomb GW III, Ostlie DJ. Single 
incision versus standard 3-port laparoscopic appen-
dectomy: a prospective randomized trial. Ann Surg. 
2011;254:586–90.

44 Laparoscopic Management of Acute Appendicitis



329© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_45

Laparoscopic Cecostomy 
for Constipation and Incontinence

François Becmeur and C. Klipfel

45.1  Introduction

Antegrade colonic enema (ACE) has proved 
effective for children with chronic and severe 
constipation and in the treatment of fecal inconti-
nence. The indications are applied as soon as all 
medical therapies have failed [1].

In case of constipation, it may be a slow transit 
constipation or a refractory constipation second-
ary to cystic fibrosis.

In case of continence deficiency, it may be 
due to high anorectal anomalies, sacral agenesis, 
Currarino triad/syndrome, spina bifida, and other 
consequences of any pelvic surgery as a huge 
sacrococcygeal teratoma.

The principle of antegrade colonic irrigation 
for stool evacuation is ancient [2]. Initial surgical 
technique to access the colon has been described 
in 1990 by Malone and Ransley [3]. ACE was 
performed using catheterization of the exterior-
ized appendix. During the three last decades, sev-
eral modifications of the initial technique have 
been reported. There are three main techniques 
allowing access to the colon: appendix, a tubular-
ized segment of bowel, and various percutaneous 

devices such as button (Chait Trapdoor button or 
those used after percutaneous endoscopic gastros-
tomy such as a Mic-Key low-profile button) [4–7].

We propose to describe the laparoscopic 
insertion of antegrade continent enema catheter 
[8–10]. Then we will describe the alternatives. 
Actually, there are many different options.

45.2  Preoperative Preparation

At the beginning of our experience, the prepa-
ration included one or two enemas with serum 
saline (500 mL–1 L) the day before surgery. But 
more recently most patients do not receive any 
specific preparation before surgery, although they 
are encouraged to continue their current laxative 
regime. We decide wether or not to do a preoper-
ative specific preparation depending on the level 
of retention of feces.

Nevertheless, in all cases, a single-dose intra-
venous metronidazole is administered as we start 
the procedure.

45.3  Positioning

The patient is lying in a dorsal decubitus. Monitor 
is placed on the right side of the patient as for a 
laparoscopic appendectomy. The surgeon is on 
the left side in front of the left iliac fossa. The 
assistant is on his right side and the scrub nurse 
on the left.
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45.4  Instrumentation

Colonoscope was used in our first cases to check 
the introduction of the trapdoor button into the 
cecum (Fig. 45.1). It is still used by several teams 
[11]. But colonic gas due to endoscopic insuf-
flation may enlarge the size of the colon and 
makes laparoscopy difficult. It is rarely needed; it 
increases operative time and makes the procedure 
more painful due to the colonic inflation of gas, 
as well.

We need a 5-mm 0° telescope and one 3-mm 
operative trocar. Sometimes an additional 3-mm 
operative trocar is required.

A 3-mm atraumatic forceps and a 3-mm nee-
dle holder are needed.

45.5  Technique

An open laparoscopy is performed with a 5-mm 
0° telescope through the umbilicus, and an 
additional operative trocar is placed in the left 
lower quadrant for cecostomy and in the right 
lower quadrant in case of sigmoidostomy. An 
8-mmHg carbon dioxide pressure insufflation 
is used. Laparoscopy allows the selection of the 
site for cecostomy by looking at the place where 
the cecum can be hung to the anterior abdomi-
nal parietal wall. At the same time, the surgeon 
decides the correct site to place the button on the 

abdomen, low enough to be under the belt line but 
not too low and far enough from the iliac crest. 
Two U stitches according to the Georgeson [12] 
procedure for gastrostomy are used to anchor 
and secure the bowel to the abdomen wall. Those 
transparietal stitches are to be tightened outside 
not directly on the skin but on a little compress 
and removed quickly, 5  days later, in order to 
avoid any scar. They grasp the colon; they pass 
through the entire bowel wall avoiding the 
mucosa when possible. Generally we use Ethilon 
2-0 depending on the size of the child. A long 
needle is then inserted into the Chait trapdoor 
button (Cook Medical, Bloomington, IL) [8].

A no. 11 blade is pulled through the abdomi-
nal wall to prepare the entry of the button. The 
needle introduced in the button, which is rigidi-
fied by this way (Figs. 45.2 and 45.3), is pushed 
through the parietal abdominal wall and straight 
into the bowel into a part of tenia coli. The needle 
covered by the button is then guided by laparos-
copy, up to the right flexure. It is important to 
be sure the needle is then getting forward in the 
bowel lumen and will not jab and cross out the 
opposite wall of the colon.

Previously, when preparing the needle and 
the button outside, some drops of sterile oil are 

Fig. 45.1 Colonoscopic view of the button. At the begin-
ning of our experience, we thought it was important to 
check the good position and perfect rollout of the Chait 
button

Fig. 45.2 The Chait button and the needle

Fig. 45.3 The button is rigidified and rolled out thanks to 
the needle
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injected inside the button to allow an easy with-
drawal of the needle, allowing the button retrac-
tion and returning to its initial spring shape, when 
it reaches the bowel lumen.

45.6  Postoperative Care

The U stitches are removed early in the fifth post-
operative day to avoid any scar due to the suture. 
Daily irrigation by using small amount of saline 
solution may be used to maintain tube patency 
[11]. But in our experience, it is not required. 
The button placement may be done in a day-care 
surgery.

Parents and child are trained on the care and 
use of the cecostomy tube, a few weeks after sur-
gery, when pain disappears during mobilization 
of the button. During this consultation, the first 
antegrade enema is given by the nursing staff so 
that the parents and the patient can be educated 
in the use of the device and care surrounding the 
skin [13]. The saline solution has to be warm 
enough and the irrigation slow enough to avoid 
any bowel spasm. The child is sitting on the toi-
lets; the saline solution bag is hanging above the 
level of the child not too high to get a slow and 
gentle irrigation. Pocket video games are useful 
to divert the patient during this half an hour ante-
grade enema. For young patients, the advice is to 
perform irrigation at the end of the day, wearing a 
diaper for the night following the irrigation.

45.7  Result

The average length for surgery is about half an 
hour. We started our experience in 2002. We did 
not have any intraoperative complication. If the 
button becomes unnecessary, it may be removed 
during a consultation. If it has to be changed 
due to a normal use 1  year later, a new button 
is replaced under hypnosis. Indeed, it may be 
frightening to see a long needle covered by the 
stretched button coming into the abdomen. Very 
rarely, we observed accidental tube dislodge-
ment. More often patients may have granulation 
tissue and leaks that may lead to a wound infec-

tion. These complications are linked to inad-
equate care of the cecostomy site and insufficient 
irrigation with stool impaction in the cecum.

45.8  Discussion

Appendicostomy has been first proposed to allow 
ACE. The technique, as originally described [3, 
4], involves removing the appendix and placing 
it in a reversed orientation (anisoperistaltism) 
within a submucosal tunnel within the cecum cre-
ating a Mitrofanoff-like, non-refluxing channel 
that can be catheterized. Many technical modi-
fications were described: use of a no reversed 
continent appendicostomy and use of tubularized 
cecum or ileum when the appendix was not avail-
able. The advantages of these techniques are not 
a main asset to avoid stool leakage through the 
stoma. That is why the very easy and safe modi-
fied Chait procedure has to be offered first.

Actually, several complications were 
described with appendicostomy as stomal ste-
nosis or occlusion requiring a redo procedure or 
dilation. Leakage from appendicostomy is fre-
quent [1]. Some authors proposed to leave a Chait 
button in the appendix to avoid leaks and self- 
catheterization [14]. Indeed, it may be impossible 
for the patients to catheterize the appendix by 
themselves. False passage during cannulation of 
appendix was described. Stoma prolapse, bleed-
ing from stoma edges, and granulation tissue 
were noticed. Most of these disadvantages may 
be avoided with a percutaneous cecostomy using 
a button as a Chait or Mic-Key [7, 15].

Main problems related to the Chait button 
are similar to those described with gastrostomy 
buttons: catheter dislodgement, hypertrophic 
granulation tissue, and mechanical failure of the 
catheter that has to be removed and changed. 
Granulation tissue has to be treated with silver 
nitrate. And generally, this granulation tissue is 
secondary to a leakage due to fecal impaction 
facing the button. The rhythm of enemas has to 
be modified.

When we began our experience, we used 
endoscopy and laparoscopy [7, 11] to be sure to 
place the Chait button in a proper manner. But 
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it appeared to be unnecessary and more compli-
cated: patients needed a washout to get a satis-
factory bowel preparation. Colonoscopy was an 
issue during laparoscopy. The colon increased in 
size due to gas insufflation during endoscopy. It 
was often necessary to empty the colon from gas.

A question remains about the site of the button 
in the colon: is it necessary to perform irrigations 
of the entire colon or is it enough to irrigate the 
sigmoid [7]. The major area of dysfunction is the 
left rather than the right colon. This discussion 
implies particularly on patients with terminal 
constipation.
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Laparoscopic Management 
of Persistent Complete Rectal 
Prolapse in Children
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46.1  Introduction

Rectal prolapse (RP) is a herniation of the rectum 
through the anal canal. The prolapse may involve 
only the mucosa (partial or mucosal prolapse) or 
all the layers of the rectum (complete or full- 
thickness prolapse, also called procidentia). 
Mucosal rectal prolapse presents as radial folds 
protruding less than 2 cm from the junction with 
the anal skin. Complete rectal prolapse is charac-
terised by circular folds of the mucosa protruding 
usually more than 2 cm [1, 2]. If the rectal wall has 
prolapsed but does not protrude through the anus, 
it is called an occult (internal) rectal prolapse or a 
rectal intussusception. Rectocele (protrusion of 
the anterior rectal wall) and/or enterocele (interpo-
sition of intestine into the prolapsed mass along 
the Douglas pouch, compressing the rectum) may 
be associated with complete persistent RP [3].

RP occurs at the extremes of age. In the paediat-
ric population, RP is usually diagnosed prior to the 
age of 4 years with an equal sex distribution [1, 2]. 
Important anatomical considerations are thought to 

be related with high incidence in early childhood: 
the low position and vertical course of the rectum, 
the straight surface of the sacrum and the flatter coc-
cyx, the increased mobility of the sigmoid colon, 
the poor levator ani muscular support, the loose 
attachment of the rectal mucosa to the muscularis 
and the absence of Houston’s valves [1, 2]. The inci-
dence of RP is low in late childhood and early adult-
hood to increase again after the age of 40, women 
being six times more affected. In this population, 
RP is primarily due to pelvic muscular weakness 
related with childbirth and advancing age [1].

Children presenting RP and older than 4 years 
usually have a predisposing condition. These 
older patients usually present recurrent or persis-
tent RP and tend to require surgical repair more 
often, while RP is usually a self-limiting condi-
tion that resolves spontaneously in younger 
patients [2].

46.2  Preoperative Workout

The diagnosis of RP is mostly clinical. RP should 
be considered a symptom of an underlying condi-
tion rather than a distinct disease entity. The pre-
operative workout has to search for a possible 
underlying condition that may predispose to 
RP. The paediatrician should start a conservative 
treatment directed by the associated condition 
before referring to the surgical team [1, 2]. Many 
unrelated conditions predispose to RP:
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 – Increased intra-abdominal pressure caused by 
straining due to chronic constipation, toilet 
training, protracted coughing or vomiting and 
chronic straining during micturition (including 
infravesical obstruction or neurogenic bladder 
dysfunction). Constipation is the most common 
associated diagnosis in developed countries [1].

 – Acute or chronic diarrhoea caused by bacte-
rial infection, alimentary allergies and/or mal-
absorption syndromes such as coeliac disease 
or pancreatic insufficiency [1].

 – Parasitic and neoplastic disease that may pro-
vide a leading point for intussusception, thus 
prolapsing the rectum [1].

 – Malnutrition is a major predisposing factor 
due to the disappearance of the ischiorectal fat 
and resulting in decreased perirectal support. 
In developing countries, malnutrition and par-
asitic and diarrheal diseases are the most com-
mon risk factors for RP [1, 2].

 – Cystic fibrosis used to be considered a com-
mon condition associated with RP.  Many 
reports recommended a systematic sweat test 
to be performed on any child presenting RP 
(not only those with recurrent RP, but even 
those with a single episode). Since the devel-
opment of newborn screening for cystic fibro-
sis, it is nowadays recommended to do a sweat 
chloride test in patients with recurrent RP or 
without an identifiable underlying condition 
[2].

 – Pelvic floor weakness because of neurological 
disorders affecting the pelvic musculature 
enervation (myelomeningocele) or following 
pelvic surgery (correction of anorectal malfor-
mation, Hirschsprung’s disease) [1, 2, 4, 5].

 – Behavioural and psychiatric disorders or the 
medication to treat them are suggested to be a 
strong risk factor contributing to RP, as well as 
for complications and recurrences following 
surgical treatment [2, 6].

 – Miscellaneous: Ehlers-Danlos syndrome, con-
genital hypothyroidism, extensive burns or 
suction trauma, etc. [1, 2].

Conservative treatment, regardless of the 
underlying diagnosis, consists in a combination 
of treatments including not only stool softeners 

or laxatives but also behavioural and psycho-
logical care targeting increased adherence to 
medication regimens, increased dietary fibre 
and clear fluids and increased cooperation with 
avoidance of prolonged straining and also phys-
ical therapy emphasising effective toileting pos-
tures, pelvic floor relaxation and evacuation 
mechanics [1, 2, 6].

If RP is persistent despite a well-conducted 
medical treatment for at least 6 months, surgical 
treatment should be considered. In older coopera-
tive patients, dynamic defecography is very use-
ful and advisable before surgery to help identify 
evacuatory pelvic floor disorders (measurement 
of the anorectal angle, presence of rectocele or 
enterocele, sigmoid intussusception) [3].

46.3  Surgical Management of RP

Surgical treatment may be required for recurrent 
rectal prolapse refractory to conservative mea-
sures [1, 2, 4–15]. Numerous surgical treatments 
are available in the surgeon’s armamentarium not 
only to respond to the surgeon’s habits and surgi-
cal preferences but also to be adjustable to the 
anatomical findings of each patient. The aim of 
each surgical treatment is to control prolapse, 
restore continence and prevent constipation or 
impaired evacuation, with  an acceptable recur-
rence and morbidity  rate. No surgical treatment 
has proven its superiority in the paediatric popu-
lation due to the limited patient numbers, and 
therefore there is a significant controversy regard-
ing its surgical treatment [4–15].

In paediatric literature, the operative proce-
dures are classified as “less invasive”, including 
injection sclerotherapy, anal encircling (Thiersch 
procedure), transanal suture rectosacropexy 
(Ekhorn’s procedure)  and “more invasive” 
abdominal or perineal procedures. Perineal oper-
ations (Delorme’s procedure, perineal rectosig-
moidectomy or Altemeier’s procedure, stapled 
transanal rectal resection) are rarely described in 
children. In adults, perineal procedures are asso-
ciated with higher recurrence rate [16, 17].

Abdominal surgery involves rectal dissection 
and fixation aiming to reduce RP.  Several 
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 techniques or fixation variations are in use. In this 
chapter, we will emphasise on the laparoscopic 
transabdominal approach, very popular in adult 
surgery, gaining more and more acceptance in the 
paediatric population.

46.4  Preoperative Care

Bowel preparation with enemas and PED solu-
tions are used to insure more working space in 
the narrow pelvis  [7, 8, 11–14], though some 
authors do not  [15]. A bladder catheter can be 
placed for the time of surgery. Intravenous anti-
biotic prophylaxis with second-generation 
cephalosporin and/or metronidazole is recom-
mended. Surgery is performed under general 
endotracheal anaesthesia after written consent 
of the patient and the parents. Before induction 
of general anaesthesia, some surgeons ask the 
patient to strain out their prolapse to easily 
access rectosigmoid redundancy and laxity of 
the pelvic floor [13].

46.5  Theatre Setting 
Up and Instrumentation

The patient is placed in supine Trendelenburg 
position. The surgeon and scrub nurse stand on 
the right side of the patient, while the camera 
holder stays on the left side. The laparoscopic 
monitor is placed at the end of the table near the 
patient’s feet.

For the optical port inserted through the umbi-
licus, depending on the necessity to introduce a 
mesh or not, either a 5 or a 10 mm port can be 
used. We recommend a 5 mm 30° scope. For the 
working ports, 3 or 5  mm ports can be used 
depending on the patient’s size and the surgeon’s 
preference. We use two to three working ports: 
the first two ports are inserted on the midclavicu-
lar line at the level of the umbilicus or slightly 
above; if needed for retraction, a third working 
port is inserted in the right lower quadrant. This 
third working port can also be suitable to do some 
suturing with better ergonomics for the surgeon 
during the procedure. The pneumoperitoneum is 

created at a pressure of 10–12 mmHg. To do dis-
section using 3 mm ports, a simple electrocautery 
is sufficient. When using 5mm ports, bipolar or 
harmonic instruments are used to devide perito-
neum and proceed with Douglas pouch 
resection. 

If a mesh is used, either polypropylene mesh 
[4, 11–13, 18] or polyester fibre mesh [15] can be 
inserted. In adult literature, there is no evidence 
of less complication rate by using biological 
meshes compared to synthetic meshes [17].

46.6  Surgical Techniques

The aim of all laparoscopic abdominal procedure 
is to reduce rectal mobility and include rectosa-
cral fixation using a suture or mesh. An inherent 
step in all rectopexies is the full mobilisation of 
the rectum, but this step may lead to autonomic 
nerve lesion and the subsequent postoperative 
dysmotility and impaired evacuation. Thus, some 
authors believe that extensive posterolateral 
mobilisation of the rectum may cause new onset 
or worsening of postoperative constipation [15–
18]. All types of abdominal procedure can be 
associated with a sigmoid resection in case of 
redundant sigmoid and history of intractable 
constipation.

We will describe laparoscopic suture recto-
pexy (LSR), laparoscopic posterior mesh recto-
pexy (LPMR) and laparoscopic ventral mesh 
rectopexy (LVMR). All three procedures start 
with evaluation of the local anatomy: assessment 
of the redundancy of the rectosigmoid colon, 
evaluation of the deepness of the Douglas pouch 
(see Fig. 46.1) and assessment of the laxity of the 
pelvic floor [12, 13, 15].

To do rectal dissection, the assistant retracts 
the rectosigmoid ventrally and to the left to 
expose the peritoneal reflection on the right 
side of the mesorectum. The right ureter is visu-
alised on its crossing over the iliac vessels. The 
peritoneum is divided from the sacral promon-
tory down to the deep Douglas pouch and the 
pelvic floor. Care is taken not to injure the 
hypogastric nerves at the pelvic inlet. The peri-
toneum of the deep Douglas pouch can be 
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resected in order to create a neo-Douglas pouch 
that will be elevated (in order to reduce the 
depth of the Douglas pouch) (see Fig. 46.1). The 
adhesions thus created by the obliteration of the 
deep rectal pouch will reinforce the pelvic floor 
and potentially decrease the risk of enterocele. 
The peritoneum can also be divided along the 
left side of the mesorectum in case of full rectal 
mobilisation, after having visualised the left 
ureter. Rectal mobilisation is possible after ret-
rorectal blunt dissection from the promontory 
down to the pelvic floor through the rectosacral 
bloodless plane. Transsection of the lateral rec-
tal ligaments is no longer recommended in any 
surgical technique.

46.6.1  Laparoscopic Suture 
Rectopexy

Laparoscopic suture rectopexy (LSR) involves a 
thorough mobilisation of the rectum and its 
upward and straight fixation to the sacrum (see 

Fig.  46.2). The postoperative fibrosis tends to 
keep the rectum fixed and in an elevated position 
[7–11, 13, 14].

After having mobilised the rectum circumfer-
entially, the assistant pulls the rectum cranially 
relatively tautly, and the rectum is fixed to the 
sacral promontory: non-absorbable sutures fix 
the lateral rectal wall on both sides on the rectum 
to the periosteum of the promontory [7, 8]. Some 
authors prefer to do a unilateral peritoneal win-
dow and fix the rectum to the sacral promontory 
only on the right side [9, 10, 13, 14]. A pair of 
stitches is then disposed below to avoid excessive 
tension before closing the peritoneum with 
absorbable sutures. Attempts to limit the perirec-
tal mobilisation, avoiding completely retrorectal 
dissection, have shown a non-acceptable recur-
rence rate [11].

In this technique, the rectum is in a straight 
position in the pelvis. Redundant sigmoid colon 
should be resected to avoid kinking of the sig-
moid over the rigid rectosigmoid junction and/or 
sigmoid volvulus.

a b

Fig. 46.1 Laparoscopic view of the deep Douglas pouch before surgical treatment (a) and after Douglas resection and 
reconstruction of the neo-Douglas pouch (b). Examples of the intraoperative view in a boy (1) and a girl (2)
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46.6.2  Laparoscopic Posterior Mesh 
Rectopexy

Posterior mesh rectopexy was first described by 
Wells (see Fig.  46.3). After complete rectal 
mobilisation, a mesh is inserted between the 
sacrum and the rectum. This mesh is fixed and 
wrapped around the rectum about 270° leaving a 
small non-covered surface on the anterior wall 
of the rectum. The mesh is then sutured to the 
periosteum of the sacral promontory with non- 
absorbable sutures. Like for the other tech-
niques, the peritoneum is closed to minimise the 
risk of adherence of small bowel to the mesh. 
The strong fibrous reaction between the sacrum 

and the rectum restores the normal anorectal 
angle. 

46.6.3  Laparoscopic Ventral Mesh 
Rectopexy

LVMR is inspired from the Orr-Loygue open 
procedure that suspends the rectum to the sacral 
promontory with bilateral nylon stripes. In the 
technique as we report it [15], after complete rec-
tal mobilisation and resection of the Douglas 
pouch, a large tailored inverted y-shaped strip of 
mesh is fixed to the anterior wall of the rectum 
with non-absorbable sutures and suspended to 

Fig. 46.2 Schema of 
LSR figuring the 
retrorectal dissection 
from the promontory 
down to the pelvic floor 
and the elevation of the 
rectum after LSR

Fig. 46.3 Schema of 
LPMR according to 
Wells’ procedure
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the sacral promontory with no traction after 
reduction of the prolapse. Vaginal fornix fixation 
to the same mesh can be done in case of impor-
tant enterocele. The ventral covering of the rec-
tum by a mesh may also treat associated 
rectocele.

In LVMR it is essential to close the lateral bor-
ders of the incised peritoneum over the mesh to 
avoid any later small bowel adhesion or internal 
hernia, reconstruct the neo-Douglas pouch and 
limit (vaginal) mesh erosion.

46.7  Postoperative Care

Standard post-surgery care is initiated. Feeding is 
resumed as tolerated immediately after surgery. 
Antibiotics are maintained for two days if a mesh 
was used. Excessive straining after surgery 
should be avoided with the help of diet and if 
needed stool softeners or laxatives for a limited 
time. In older patients, thrombose prophylaxis 
should be discussed as for all pelvic surgery. 
There is a trend to reduce hospital stay with some 
reports of outpatient surgery for the LSR tech-
nique [10], but most authors prefer to maintain 
hospitalisation until first spontaneous defeca-
tion.  Discharge is allowed when the patient is 
apyretic, free of significant pain, walks, eats and 
smiles.

Follow-up  will focus on dietary, life style 
management, avoidance of constipation and ini-
tiation of good defecation practices, often in a 
multicenter setting.  Recurrence often occurs in 
the first months after surgery but may appear 
even after a couple of years, so that follow-up 
should be programmed until adulthood. 

46.8  Discussion

With more than 100 different surgical tech-
niques, the treatment of rectal prolapse is chal-
lenging. In the adult population, with a much 
larger number of surgical patients, there is no 
consensus as to which operation should be 

used in any given clinical situation [17]. With 
the scarce number of surgical patients in the 
paediatric population, the controversy is even 
bigger.

Furthermore, the physiopathology of PR is 
different in childhood and adulthood, so that 
adult surgical procedures must be adapted to the 
underlying conditions and anatomical findings of 
our little patients:

For example, for PR after pull-through for 
anorectal malformations, the recto-perineal 
junction is “artificial” with no presence of lat-
eral rectal ligaments and an unfamiliar rectal 
innervation. Most patients don’t have the lux-
ury to have a redundant rectosigmoid, and the 
recto-anal path goes straight down the pelvis. 
In this population, continence, impaired evacu-
ation and constipation are very important issues 
that cannot be worsened dealing with second-
ary complete and persistent RP.  Numerous 
technical tricks have been advocated to reduce 
RP after laparoscopic- assisted anorectal pull-
through (LAARP): colic washout of the distal 
loop to evacuate meconium and have less dis-
tension of the rectum during dissection to 
reduce the risk of redundancy during dissection 
[5], limited dissection of the rectosigmoid to 
have a precise length enough to be brought 
down without excessive redundancy [5], lim-
ited peritoneal pression for laparoscopic expo-
sure after recto-perineal anastomosis to limit 
tension on the descended colon and application 
of an anchoring stitch with one absorbable 
suture to track the rectum to the presacral peri-
osteum after recto-perineal anastomosis [5]. 
This last trick highlighted by Leung et  al. [5] 
managed to significantly reduce the occurrence 
of RP and reduce soiling in a large series of 
LAARP. The team of Graz [4] also reported an 
interesting case report of laparoscopic Wells’ 
procedure done for a secondary RP after 
LAARP in a 4-year-old patient: this technique 
is very interesting in this patient as it achieves a 
physiological anorectal angle, helping postop-
erative continence and evacuation, but may 
worsen constipation because of the extensive 
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dissection. It is the only report of a laparoscopic 
Wells’ procedure in paediatric literature, even if 
this technique was very popular in the UK open 
approach and is largely used with laparoscopy 
in the adult population. Another simplified 
technique for LPMR with good functional 
results is described by Shalaby et al. [12] con-
sisting in a uniateral right peritoneal incision, 
retrorectal blunt dissection and rectosacral pos-
terior fixation with a tailored small mesh with-
out wrapping the rectum as described by Wells. 
In this simplified technique, the redundant sig-
moid is also fixed to the peritoneum on the left 
quadrant, avoiding kinking without sigmoid 
resection [12, 13].

In case of RP associated with rectocele or  a 
rare case of enterocele,  a LVMR could be the 
right tool in the surgical armamentarium to 
reduce RP, correcting the middle pelvic compart-
ment. As limited paediatric literature exists for 
this technique, should LVMR be generalised to 
every child presenting a deep Douglas pouch or 
would another technique combined with Douglas 
resection be beneficial?

Ventral mesh rectopexy is often associated 
to the Ripstein’s procedure which consists in an 
anterior rectal sling aiming to restore the poste-
rior curve of the rectum. As this procedure can 
cause narrowing of the rectum and stricture 
during child growth, it is not popular in the pae-
diatric surgical societies. Paediatric reports of 
LVMR are scarce. We recently published a ret-
rospective study of a modified Orr-Loygue 
technique [15] with promising results consider-
ing post- operative constipation and recurrence 
rate, but the data was limited. In this report, we 
described a circumferentiel rectal dissection 
before mesh rectosacropexy without any ten-
sion. Retrorectal complete mobilisation was 
achieved with blunt dissection without any use 
of electrocautery in this very sensitive region. 
The large anterior mesh was designed to spread 
evenly the tension on the fixation sutures and 
leave the rectum sufficiently mobile. In this 
study, the resection of the redundant Douglas 
pouch was also described to reinforce the pel-

vic floor. In adult literature, LVMR is popular 
since the description by D’Hoore et al. [18]. In 
this novel technique, LVMR is done avoiding 
any posterolateral rectal mobilisation to mini-
mise the risk of autonomic neural damage. A 
long strip of mesh is placed with no traction in 
the ventral part of the distal rectum with associ-
ated vaginal fornix fixation and Douglas pouch 
resection, to reinforce the rectovaginal septum. 
The anterior position of the mesh allows perma-
nent support for the neo-Douglas pouch, which 
is elevated above the mesh. This technique lim-
iting functional side effects is widespread in the 
adult laparoscopic societies [16, 17]. A similar 
 technique was described in the paediatric popu-
lation by Randall et  al. [11]. They describe a 
LVMR without posterior rectal dissection with 
high recurrence rate. In this report, there is no 
notice of an extended dissection of the Douglas 
pouch down to the pelvic floor, nor of the resec-
tion of the redundant Douglas pouch, that could 
explain the recurrences.  Nevertheless, ventral 
meshes for rectopexy in adult female popula-
tion are reluctantly placed before having com-
pleted their family desire, as there is concern 
about the potential reduction of fecundity due 
to postoperative pelvic adherences, the possible 
luxation of mesh during pregnancy and the 
decreased elasticity of the rectovaginal septum 
with potential risk for foetal safety and signifi-
cant maternal obstetric trauma during vaginal 
delivery [16]. A recent retrospective study by 
Hogan et al. [16] showed no adverse impact on 
maternal pelvic floor or on the outcome of preg-
nancy and delivery after ventral mesh applica-
tion. Other mesh-related complications are 
described in literature as infection, vaginal 
mesh erosion/fistulation, intrarectal mesh 
migration and rectal stricture. Adult literature 
recognised risk factors for developing these 
complications [17] being smoking, use of ste-
roids, poorly regulated diabetes, pelvic hema-
toma, history of pelvic irradiation or pelvic 
surgery and the use of polyester mesh. 
Therefore, biological meshes have recently 
been used for RP correction. In theory, this 
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graft could decrease complications as chronic 
infections and erosion but may also lead to 
higher recurrence rate with partial resolution of 
the material. No evidence for superiority of bio-
logical mesh use has been reported so far in 
adults [16, 17] where biological grafts are rec-
ommended in young patients, especially women 
of reproductive age, diabetics, smokers, patients 
with history of pelvic radiation or surgery, 
inflammatory bowel disease and in  case of 
intraoperative breach of the rectum or 
vagina [17].

As the use of grafts in the paediatric popula-
tion should remain an exception, LSR is still a 
largely used surgical technique with recurrence 
and complication rates that are well described in 
literature [7–11, 13–14]. To have the best results 
with this technique, it seems mandatory to realise 
a laparoscopic full posterior mobilisation before 
realising rectopexy. Additionally, a possibly 
associated redundant rectosigmoid should be 
managed on the same operative time.

Hence, with the improving skills in laparos-
copy and the always changing technic devices, 
the paediatric surgeon cannot be stubborn and 
confine under a unique surgical technique as 
every RP in children is different with different 
underlying conditions and anatomical findings.

46.9  Conclusion

Even if rectal prolapse has been well described in 
the Hippocratic Corpus, its underlying physiopa-
thology and treatment still generate much inter-
est. Nowadays, the surgeon can choose a 
technique in a large surgical armamentarium that 
is constantly increasing. We hope that this chap-
ter could open your mind to the different possi-
bilities that laparoscopy offers to deal with this 
relatively common condition in children.
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Minimal-Access Colorectal Surgery 
in Pediatric Age
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47.1  Introduction

Colorectal surgery includes total colectomy, seg-
mental colectomy, ileocecal resection, and ileo-
rectal anastomosis with or without pouch.

Subtotal colectomy or total colectomy is indi-
cated in patients with moderate-severe ulcerative 
colitis (UC) refractory to medical therapy, colon 
Crohn’s disease (CD), familial adenomatous pol-
yposis (FAP), and total colonic Hirschsprung dis-
ease (HD).

Segmental colectomy includes left hemico-
lectomy, right hemicolectomy, and ileocecal 
resection. They are indicated in patients with seg-
mental inflammatory bowel disease (IBD) like 
CD, colon duplications, other cystic abdominal 
masses, complicated ileocecal intussusception, 
and complicated appendicitis with peritonitis.

Ileorectal anastomosis with or without pouch 
represents the reconstructive phase following a 
subtotal proctocolectomy in patients with UC; 
ileoanal anastomosis could be the reconstructive 
phase following a proctocolectomy in patients 
with CD, FAP, or total colonic HD.

HD and IBD represent the main indication for 
colorectal surgery in pediatric population. The 
incidence of Hirschsprung disease is approxi-
mately 1:5000 live births with male preponderance 

[1]. IBD are increasing in pediatric population. The 
incidence of pediatric onset UC is 1–4 of 100,000/
year in most North American and European 
regions [2, 3]. The incidence of CD in children is 
2.5–11.4 per 100,000, with an estimated preva-
lence of 58/100,000 [2, 4].

In our experience, the surgical pathway in 
children with UC includes first subtotal col-
ectomy with ileostomy, then, after at least 
3  months, subtotal proctectomy and ileorectal 
anastomosis (straight or with pouch) with protec-
tive ileostomy, followed by recanalization within 
2 months.

In this chapter, we describe laparoscopic total 
and segmental colectomy, laparoscopic proctec-
tomy, and restorative J-pouch ileorectal (ileo-
anal) anastomosis.

47.2  Preoperative Preparation

All patients and their parents have to sign a spe-
cifically formulated informed consent before the 
procedure. In case of elective surgery, fast track 
surgical organization is planned: no fasting or 
colon cleaning is suggested in the days before 
the operation. Patient hospital admission is orga-
nized in the same day of the operation.

Preoperative intravenous antibiotics are 
administered at least 30 min before the incision. 
In patients who are under antibiotic therapy,  
the preoperative prophylaxis is not indicated.  
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The surgical procedures are performed under 
general anesthesia. A nasogastric tube is posi-
tioned to decompress the stomach. A urinary 
bladder catheter is placed.

47.2.1  Laparoscopic Subtotal/ 
Total Colectomy

47.2.1.1  Positioning
The patient is placed in supine Trendelenburg 
position with left side up (Fig.  47.1). As the 
operating bed tilt changes during the procedure 
to keep the small bowel far from the colon, the 
patient must be well secured.

Skin preparation is performed, and the oper-
ative field is prepared from nipples to suprapu-
bic line, in order to include the whole abdomen. 
The video monitor is positioned on the left side 
of the patient toward the shoulder. The surgeon 
and assistant will shift position during the pro-
cedure. At the beginning of the operation, they 
stand on the right side of the bed, with scrub 
nurse on the opposite side, as the colectomy 
starts from the sigmoid region and continues 
along the descending colon (Fig.  47.2). When 
the colon dissection arrives to the transverse 
segment, surgeons switch position, standing 
on the left side of the bed with scrub nurse 
on the right side, and the patient is put in 
anti-Trendelenburg position. A quality con-
trolled time-out checklist is always performed 
before incision to avoid the risk of incomplete 
compliance.

47.2.1.2  Instrumentation
Two 12 mm ports and two 5 mm ports are used. 
The second port must be of 12 mm in diameter 
as the intracorporeal linear stapling device has to 
be inserted.

The laparoscopic instrumentation consists 
of a 10  mm 30° scope, two 5  mm graspers, 
one 5  mm sealing/dividing forceps (high fre-
quency or harmonic), one 5 mm suction device, 
and one 12  mm intracorporeal linear stapling 
device.

Fig. 47.1 Patient in supine Trendelenburg position with 
left side up, well secured to the bed, as during the opera-
tion it is moved

Fig. 47.2 Team position at the beginning of the colec-
tomy: red ring is the first surgeon, blue ring is the assistant 
surgeon, rumble is the scrub nurse, triangle is the anesthe-

tist, red square is the video monitor, and blue rectangle is 
the scrub table
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47.2.1.3  Technique
The first 12 mm port is placed in the umbilicus. 
Intra-abdominal pressure of 12–15 mmHg is used 
to create the pneumoperitoneum. Other three ports 
are inserted: one 5 mm in the right hypochondrium, 
one 5 mm in the left flank region, and one 12 mm 
in the right iliac region, where the ileostomy will 
be fashioned (Fig.  47.3). A fifth port could be 
added in the epigastric region, if necessary.

The colonic mobilization starts at the sigmoid 
region: a window through the sigmoid mesocolon 
is performed with sealing/dividing forceps. The 
window is widened distally until the peritoneal 
reflection in the pelvis, and sigmoid colon is dis-
sected with intracorporeal linear stapling device, 
leaving a rectal stump close to the peritoneal fold 
(Fig. 47.4). The colon is progressively mobilized 
from left to right, and the mesocolon is dissected 
using sealing/divider forceps, staying close to the 
colon wall in order to avoid adjacent structures 
injuries. The left lateral peritoneal attachment of 
the colon to the abdominal wall is dissected until 
the splenic flexure. The gastrocolic ligament is 

opened with access to the lesser sac, and the trans-
verse colon can now be mobilized, staying close to 
the colon wall. Surgeons change position, and they 
now stand on the left side of the bed, with scrub 
nurse on the opposite side, and the bed is placed in 
a reverse Trendelenburg, in order to let the small 
bowel move toward the pelvis. The transverse 
colon mobilization continues until the hepatic 
flexure (Fig. 47.5). In this step, it is mandatory to 
pay attention to duodenum,  biliary tract, and cava 
vein during the dissection. Next, the cecum and 
terminal ileum are mobilized, incising the right 
lateral peritoneal attachment of the colon to the 
abdominal wall using sealing/divider forceps.

Once the colon is completely mobilized, it 
is extracted from the right iliac region trocar, 
extending the incision (Fig.  47.6). A terminal 

Fig. 47.3 Position of port sites in laparoscopic colec-
tomy. Red point, 12 mm scope port; black points, 5 mm 
ports in the right hypochondrium and in the left flank 
region and 12 mm in the right iliac region

Fig. 47.4 After bilateral ureteral identification, the sig-
moid colon is resected with intracorporeal linear stapling 
device, staying close and proximally to the peritoneal fold

Fig. 47.5 The colonic mobilization continues in the right 
colon. In this step, it is mandatory to pay attention to duo-
denum, biliary tract, and cava vein during the dissection
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 ileostomy is constructed, taking care not to twist 
the ileal mesenteric vessel. The ports are removed 
and the port sites are closed with fascial and skin 
stitches.

47.2.2  Laparoscopic Subtotal 
Proctectomy with Restorative 
J-Pouch Ileorectal 
Anastomosis or Ileoanal 
Anastomosis Without Pouch

47.2.2.1  Positioning
The patient is placed in supine position with spread 
legs, with a slight Trendelenburg (Fig. 47.7). Skin 

preparation is performed, and the operative field 
is prepared from nipples to the superior half of 
the legs, in order to include the whole abdomen 
and to have access to the perineum, facilitating the 
transanorectal stapled anastomosis.

The video monitor is positioned toward the 
feet of the patient. The surgeon and scrub nurse 
stand on the left side of the bed and assistant sur-
geons on the opposite side (Fig. 47.8). A quality 
controlled time-out checklist is always performed 
before incision to avoid the risk of incomplete 
compliance.

47.2.2.2  Instrumentation
One 12 mm port, one single incision soft access 
device with three port systems, and two 5  mm 
ports are used. The laparoscopic instrumentation 

Fig. 47.6 The colon is extracted extending the right iliac 
region port incision, where the protective ileostomy will 
be fashioned

Fig. 47.7 Patient in supine Trendelenburg position with 
spread legs, well secured to the bed

Fig. 47.8 Team position during laparoscopic subtotal 
proctectomy and restorative J-pouch ileorectal anastomo-
sis: red ring is the first surgeon, blue ring is the assistant 

surgeon, rumble is the scrub nurse, triangle is the anesthe-
tist, red square is the video monitor, and blue rectangle is 
the scrub table
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consists of a 10 mm 30° scope, two 5 mm grasp-
ers, one 5 mm sealing/dividing forceps, one 5 mm 
suction, one 12 mm intracorporeal linear stapling 
device, and one circular stapling device.

47.2.2.3  Technique
The first 12 mm port is placed in the umbilicus. 
Intra-abdominal pressure of 9–12 mmHg is used 
to create the pneumoperitoneum in order to see 
the ileostomy from inside. The laparoscopy is 
stopped and the terminal ileostomy is detached 
from the abdomen.

The terminal part of the ileostomy is dissected 
and a 3 cm J-pouch is created extracorporeally. 
To construct the J-pouch, the ileum is bent on 
itself and fixed with stay sutures. A small inci-
sion is created in the apex of the folded ileum, 
and a linear stapling device is inserted with one 
arm in each limb (Fig. 47.9). The stapling device 
is locked and fired and the pouch is created. The 

anvil of the circular stapling device is inserted in 
the enterostomy, and a purse-string suture is fash-
ioned around it (Fig. 47.10).

It is important to assure the amount of pouch 
mobility: the J-pouch apex should reach the pubis 
bone. If necessary, the surgeon can incise the 
mesenteric peritoneum in order to earn some cen-
timeters and to reduce the vascular compression.

The J-pouch is now pushed inside the abdo-
men, and the single incision soft access device 
with three port systems is placed through the ile-
ostomy site. The pneumoperitoneum is recreated, 
and other two 5 mm ports are inserted: one in the 
left lumbar region and one in the right hypochon-
drium (Fig. 47.11).

The rectum is dissected down to the obturator 
level taking care not to damage adjacent struc-
tures such as nerves, vessels, vagina (in females), 
and bladder neck (in males). The rectal dissec-
tion is facilitated by a rigid rectal probe, which is 
moved by an assistant surgeon. The rectal stump 
is closed with linear stapling device. The blunt 
portion of the circular stapling device is inserted 
through the anus, the spike and the anvil are con-
nected, and the circular stapling device is fired, 
creating the ileorectal anastomosis (Fig. 47.12).

The anastomosis is checked and the pneumo-
peritoneum is evacuated. Ports are removed and 
the port sites are closed with fascial and skin 
stitches. Protective ileostomy is fashioned in the 
right iliac region. In case of CD, the surgeon per-
forms a straight ileo-sigmoid anastomosis with-
out pouch.

Fig. 47.9 The linear stapling device is inserted with one 
arm in each limb, it is fired, and the 3  cm pouch is 
created

Fig. 47.10 The anvil of the circular stapling device is put 
in the created J-pouch, and a purse-string suture is fash-
ioned around it
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47.2.3  Laparoscopic Right Colon 
Resection

47.2.3.1  Positioning
The patient is placed in supine position, with the 
right side up. The patient must be secured to the 
operating bed. Skin preparation is performed, 
and the operative field is prepared from nipples 
to suprapubic line, in order to include the whole 
abdomen.

The video monitor is positioned on the right 
side of the patient toward the feet. The surgeon, 
the assistant surgeon, and the scrub nurse stand 
on the left side of the bed (Fig. 47.13).

A quality controlled time-out checklist is 
always performed before incision to avoid the 
risk of incomplete compliance.

47.2.3.2  Instrumentation
Two 12 mm ports and one 5 mm port are used.

The laparoscopic instrumentation consists of a 
10 mm 30° scope, two 5 mm graspers, one 5 mm 
sealing/dividing forceps, one 5 mm suction, one 
12 mm intracorporeal linear stapling device, and 
one 5 mm needle holder.

Fig. 47.11 Position of port sites in laparoscopic proctec-
tomy and ileorectal anastomosis. Red point, 12 mm scope 
port; black points, 5 mm ports in the right hypochondrium 
and in the left flank region; blue point, single incision soft 
access device with three port systems in the right iliac 
region

a b

c d

Fig. 47.12 Circular stapling device. (a) the blunt portion is inserted through the anus; (b and c) the spike and the anvil 
are connected; (d) the circular stapling device is fired, and the ileorectal anastomosis is created
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47.2.3.3  Technique
The first 12 mm port is placed in the umbilicus. 
Intra-abdominal pressure of 12–15  mmHg is 
used to create the pneumoperitoneum. Other two 
ports are inserted: one 12 mm in the suprapubic 
region and one 5  mm in the right iliac region 
(Fig. 47.14).

The first step consists in detecting the extent of 
ileocecal disease and determining the extent of the 
resection. If the ascending colon is not involved, 
a limited ileocecal resection is sufficient; other-
wise, a right colon resection is preferred.

The right lateral peritoneal attachments are 
mobilized by sharp dissection, as it is an avascular 
plane. The mesocolon is dissected with sealing/
dividing forceps for the extent of the resection, 
paying attention to stay close to the bowel wall. 
The terminal ileum is divided using intracorpo-
real linear stapling device. Once the distal resec-
tion margin is reached, the colon is divided with 
intracorporeal linear stapling device.

The surgeon can decide to perform the anasto-
mosis intra or extracorporeally. The anastomosis 
can be performed as end- to- end or side-to-side 
using linear stapling device.

If the anastomosis is performed extracorpo-
really, the two ends of bowel are brought out 
through the extended incision of the right iliac 
region port, the anastomosis is hand sewn, the 
mesenteric window is closed, and the bowel is 
pushed again inside the abdomen.

If the anastomosis is performed intracorpore-
ally, the proximal and distal ends are overlapped 

for 5–6 cm, and stay sutures are placed to align 
and stabilize the bowel. Small enterotomies are 
made in each limb at the proximal end of the 
overlap. Each arm of the intracorporeal linear 
stapling device is placed in each bowel limb. 
The stapling device is locked and fired, and the 
side- to- side isoperistaltic anastomosis is created. 
The resultant enterotomy is closed with run-
ning suture or interrupted stitches. The mesen-
teric window is closed. The ileocecal specimen 
is extracted, enlarging the right iliac region port. 
The pneumoperitoneum is evacuated, the ports 
are removed, and the port sites are closed with 
fascial and skin stitches. Protective ileostomy can 
be fashioned if necessary.

47.3  Postoperative Care

In the postoperative period, the patients can keep 
a normal decubitus. Nasogastric tube is removed 
at the end of the operation. The urinary catheter 
is left in place until opioid analgesics are used. 

Fig. 47.13 Team position. Red ring is the first surgeon, 
blue ring is the assistant surgeon, rumble is the scrub 
nurse, triangle is the anesthetist, red square is the video 
monitor, and blue rectangle is the scrub table

Fig. 47.14 Position of port sites in ileocecal resection/
right hemicolectomy. Red point, 12 mm scope port; black 
points, 5 mm port in the right iliac region and 12 mm in 
the umbilicus
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Otherwise, the urinary catheter can be removed 
after 24 h.

Oral feeding can restart when ileostomy out-
put starts. Antibiotic prophylaxis is continued 
for 24 h after surgery. The analgesic therapy is 
managed by a specialized team which follows the 
patient daily.

All patients are discharged when bowel func-
tion returns and no complication occurs. No 
shower is admitted for 1  week after surgery. 
Parents are instructed on how to treat ileostomy 
by a specialized stoma care team.

47.4  Results

Between January 2006 and December 2017, a 
total of 135 laparoscopic procedures were per-
formed in 79 patients with IBD.  Diagnoses 
included 52 UC, 24 CD, and 3 IBD undetermined. 
Indications to surgery for patients with UC were 
mostly represented by hemorrhagic colitis with 
failure of medical treatment.

Fifty-eight colectomies, 6 right colon resec-
tions, 9 ileocecal resections, 50 laparoscopic 
J-pouch ileorectal restorative anastomoses, and 
12 laparoscopic straight ileo-sigmoid anastomo-
ses were performed.

In 54 patients, laparoscopic colectomy was 
associated to a protective temporary ileostomy, 
while 4 patients underwent J-pouch ileorectal 
anastomosis in the same stage procedure.

Two patients required conversion to open 
surgery due to the extremely difficult mobiliza-
tion and manipulation of the inflamed and fragile 
small bowel.

47.5  Tips and Tricks

Division of mesocolon can be performed by sev-
eral methods, depending on surgeon’s prefer-
ence, degree of inflammation, and thickening of 
mesocolon. If the patient has been under steroid 
therapy, the tissue can be friable, and the risk of 
bleeding is higher, so it is important to pay atten-
tion during the mesocolon dissection.

The surgeon must stay close to the bowel 
wall during dissection, in order to avoid adjacent 
structures injury.

In case of intracorporeal anastomosis, during 
the running suture, the surgeon is helped by plac-
ing a stay suture at the bottom of the suture line in 
order to gain counter tension. Sometimes the sur-
geon can add some separate stitches over the run-
ning suture in order to be sure of the anastomosis.

When an ileorectal anastomosis is performed, 
it is advisable to use the largest circular stapler 
which goes inside the anus.

Protective ileostomy is generally sug-
gested in case of restorative ileorectal J-pouch 
anastomoses.

In general, ileostomy can be fashioned as pro-
tection or in case of dehiscence symptoms, but 
in pediatric population, it is preferable to avoid 
the ileostomy, when possible, for psychological 
reasons.

47.6  Discussion

IBD are increasing in pediatric population. The 
risk of surgery at the age of 30 for patients with 
onset of CD in childhood is 48 ± 5% compared 
with 14 ± 2% for patients with adult-onset CD 
[5]. Childhood-onset UC is extensive in 60–80% 
of all cases, twice as often as in adults [6]. 
Because disease extent has been associated with 
disease severity, it is not surprising that pediatric- 
onset UC has a worse disease course, with a 
30–40% colectomy rate at 10 years, as compared 
with 20% in adults [6]. For these reasons, also 
colorectal operations are increased in number in 
the last decades.

The application of minimally invasive surgical 
(MIS) techniques in the pediatric population has 
exponentially increased in the last 30  years. In 
recent years surgeons have moved from conven-
tional laparotomy to minimally invasive laparo-
scopic approach also in IBD.

For IBD, total or segmental colectomy shows 
results that overlap and/or overcome those of 
conventional open surgery [7]. In our experience, 
ileostomy is usually performed after colectomy.
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A meta-analysis demonstrated that, though 
basing on a very few good-quality studies, pouch 
procedures should be preferred in UC in order to 
achieve better survival and functional outcome 
[8]. Although pouch needs frequent endoscopic 
follow-up and a relatively high incidence of pou-
chitis (reported in up to 50% of patients), pouch 
procedures represent at the moment the gold 
standard for reconstruction after colectomy in 
children with IBD.

In case of ileocecal resection, although some 
authors suggest to perform the “safer” extracor-
poreal anastomoses due to the inflamed and frag-
ile bowel [9, 10], both alternatives have proved 
to be safe and effective in experienced hands and 
are now used worldwide in CD [11].

Single incision soft access device has been 
adopted to contain the trauma of abdominal wall 
and to improve the outcome of the patients both 
in terms of reduced pain, shorter postoperative 
stay, earlier recovery of normal bowel functions, 
and improved cosmetic appearance [11].

In our experience, MIS has shown optimal 
results in terms of short-term and long-term results, 
and, when possible, it is suggested [11–14].

References

 1. Suita S, Taguchi T, Ieiri S, Nakatsuji T. Hirschsprung’s 
disease in Japan: analysis of 3852 patients based 
on a nationwide survey in 30 years. J Pediatr Surg. 
2005;40(1):197–201; discussion 201–2.

 2. Benchimol EI, Fortinsky KJ, Gozdyra P, Van 
den Heuvel M, Van Limbergen J, Griffiths 
AM. Epidemiology of pediatric inflammatory bowel 
disease: a systematic review of international trends. 
Inflamm Bowel Dis. 2011;17:423–39.

 3. Henderson P, Hansen R, Cameron FL, Gerasimidis 
K, Rogers P, Bisset WM, Reynish EL, Drummond 
HE, Anderson NH, Van Limbergen J, Russell RK, 
Satsangi J, Wilson DC.  Rising incidence of pediat-
ric inflammatory bowel disease in Scotland. Inflamm 
Bowel Dis. 2012;18:999–1005.

 4. Kappelman MD, Rifas-Shiman SL, Kleinman K, 
Ollendorf D, Bousvaros A, Grand RJ, Finkelstein 

JA.  The prevalence and geographic distribution of 
Crohn’s disease and ulcerative colitis in the United 
States. Clin Gastroenterol Hepatol. 2007;5:1424–9.

 5. Pigneur B, Seksik P, Viola S, Viala J, Beaugerie L, 
Girardet JP, Ruemmele FM, Cosnes J.  Natural his-
tory of Crohn’s disease: comparison between child-
hood- and adult-onset disease. Inflamm Bowel Dis. 
2010;16:953–61.

 6. Van Limbergen J, Russell RK, Drummond HE, 
Aldhous MC, Round NK, Nimmo ER, Smith L, Gillett 
PM, McGrogan P, Weaver LT, Bisset WM, Mahdi G, 
Arnott ID, Satsangi J, Wilson DC. Definition of pheno-
typic characteristics of childhood-onset inflammatory 
bowel disease. Gastroenterology. 2008;135:1114–22.

 7. Gerstle JT, Kim PC, Langer JC, Diamond 
IR. Outcomes after laparoscopic surgery in children 
with inflammatory bowel disease. Surg Endosc. 
2010;24:2796–802.

 8. Tilney HS, Constantinides V, Ioannides AS, Tekkis 
PP, Darzi AW, Haddad MJ. Pouch-anal anastomosis 
vs straight ileoanal anastomosis in pediatric patients: 
a meta-analysis. J Pediatr Surg. 2006;41:1799–808.

 9. Simon T, Orangio G, Ambroze W, Schertzer M, 
Armstrong D. Laparoscopic-assisted bowel resection 
in pediatric/adolescent inflammatory bowel disease: 
laparoscopic bowel resection in children. Dis Colon 
Rectum. 2003;46:1325–31.

 10. Bonnard A, Fouquet V, Berrebi D, Hugot JP, Belarbi 
N, Bruneau B, Aigrain Y, de Lagausie P. Crohn’s dis-
ease in children. Preliminary experience with a laparo-
scopic approach. Eur J Pediatr Surg. 2006;16(2):90–3.

 11. Mattioli G, Guida E, Pini-Prato A, Avanzini S, Rossi 
V, Barabino A, Coran AG, Jasonni V. Technical con-
siderations in children undergoing laparoscopic ileal- 
J- pouch anorectal anastomosis for ulcerative colitis. 
Pediatr Surg Int. 2012;28(4):351–6.

 12. Pini-Prato A, Faticato MG, Barabino A, Arrigo S, 
Gandullia P, Mazzola C, Disma N, Montobbio G, 
Mattioli G.  Minimally invasive surgery for paedi-
atric inflammatory bowel disease: personal experi-
ence and literature review. World J Gastroenterol. 
2015;21(40):11312–20.

 13. Mattioli G, Pini-Prato A, Barabino A, Gandullia P, 
Avanzini S, Guida E, Rossi V, Pio L, Disma N, Mameli 
L, Mirta DR, Montobbio G, Jasonni V. Laparoscopic 
approach for children with inflammatory bowel dis-
eases. Pediatr Surg Int. 2011;27(8):839–46.

 14. Mattioli G, Pini Prato A, Razore B, Leonelli L, Pio 
L, Avanzini S, Boscarelli A, Barabino P, Disma NM, 
Zanaboni C, Garzi A, Martigli SP, Buffi NM, Rosati 
U, Petralia P.  Da Vinci robotic surgery in a pedi-
atric hospital. J Laparoendosc Adv Surg Tech A. 
2017;27(5):539–45.

47 Minimal-Access Colorectal Surgery in Pediatric Age



Part IV

Urology



355© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_48

Laparoscopic 
and Retroperitoneoscopic 
Nephrectomy

Ciro Esposito, Maria Escolino, Alessandro Settimi, 
Fulvia Del Conte, Alessandra Farina, 
Giovanni Esposito, Mariapina Cerulo, 
Agnese Roberti, and Jean Stephane Valla

48.1  Introduction

Nephrectomy using MIS was described in pedi-
atric surgery at the beginning of the 1990s [1]. 
Nephrectomy is probably the most popular uro-
logic indication for the video surgical proce-
dure in children. There are mainly three ways to 
approach the kidney in MIS: laparoscopy and ret-
roperitoneoscopy, which are the most used tech-
niques adopted in children, and the prone posterior 
approach adopted rarely by some authors [2–5]. In 
this chapter the authors will show the main aspects 
of laparoscopic and retroperitoneoscopic approach.

48.2  Preoperative Preparation

All patients and their parents have to sign a spe-
cifically formulated informed consent before the 
procedure. A Foley catheter is positioned in the 
bladder before surgery.

48.3  Positioning

The surgeon’s choice to perform laparoscopic 
or retroperitoneoscopic nephrectomy was based 
on the indication for surgery, body habitus, and 
a previous renal or abdominal surgery [6–8]. All 
the procedures are performed under general anes-
thesia with the patients positioned in lateral decu-
bitus for retroperitoneoscopy and in semi-lateral 
decubitus for laparoscopy (Figs. 48.1 and 48.2). 
We use always a 10 mm optic because we always 
used the optic orifice to remove the kidney 
(Fig. 48.3). In laparoscopy we used a 30° optic; 
a 0° optic was always adopted in retroperitoneos-
copy. In retroperitoneoscopy we always use three 
trocars because operative chamber is small. In 
laparoscopy we use three trocars, but sometime 
we use a fourth trocar to retract the liver or on 
the left side to retract the spleen or the loops. In 
general the trocars adopted are of 5 mm in diam-
eter because we need to use during the procedure 
a clip applier for vessel control, a sealing device, 
or a peanut. The trocars are positioned in triangu-
lation with the optic to have a better ergonomy.

48.4  Instrumentation

In general we need few instruments to perform 
MIS nephrectomy: a couple of atraumatic fenes-
trated forceps to manage tissues, a curve dissector 
to isolate hilar vessels, a hook cautery to perform 
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dissection, and a scissors to cut. A needle holder 
is rarely adopted for this procedure.

To perform hilar vessels control, we used 
5 mm titanium clips, or in the last 10 years, hemo-
static devices as Starion MLS3 or Ultracision or 
Ligasure can be useful to perform a faster and 
safer dissection and to seal vessels. A peanut can 
be adopted sometimes for dissection. It is safe 
to prepare a suction aspiration device and put it 
on the bench because it can be useful in case of 
bleeding. In general no endobag is necessary to 
remove the kidney that is removed to the trocar 

orifice; an endobag can be necessary only in case 
of kidney infection or for oncological indication 
(Figs. 48.4 and 48.5).

48.5  Technique

In laparoscopy, thanks to the semi-lateral decubi-
tus, the loops slide down, and you have only to 
detach the colon before opening the Gerota fas-

Fig. 48.1 Patient’s position and trocar placement for laparoscopic nephrectomy

Fig. 48.2 Patient’s position for retroperitoneoscopic 
nephrectomy Fig. 48.3 In case of retroperitoneoscopic nephrectomy, it 

is preferable to use a balloon trocar for the optic to avoid 
gas leak around the cannula

C. Esposito et al.



357

cia and to isolate the kidney. Another alternative 
can be to pass trans-meso, but above all in older 
children, it can be difficult due to fat tissue in the 
mesocolon, and in addition you are at risk of creat-
ing an injury to mesocolon vessels; for this reason 
the majority of authors prefer to detach the colon. 

You can do it using hook cautery or in a faster way 
using sealing device. After opening the Gerota 
fascia, the ureter is isolated, it is followed upward 
arriving to the kidney, hilar vessels are isolated 
separately, and then they have to be clipped and 
sectioned. Another alternative is to seal the vessels 
using sealing device. Then the kidney is separated 
from posterior attachment, and the ureter is iso-
lated arriving near the bladder, if the indication for 
nephrectomy is reflux (as happens in the majority 
of cases). In case of VUR as indication, you have 
to remove all the ureter arriving near the blad-
der, and you have to ligate it preferably using an 
endoloop (Fig. 48.6). If the indication is not VUR, 
you can leave the ureter open.

In laparoscopy the kidney is always removed 
through the trocar orifice at umbilical level.

In retroperitoneoscopy, it is preferable to use 
a 10 mm balloon trocar for the optic because you 
have to remove the kidney through this orifice and 
because you have to avoid gas leak around the 

Fig. 48.4 Laparoscopic nephrectomy: at the end of pro-
cedure, the kidney is removed through the umbilical 
orifice

Fig. 48.5 Laparoscopic nephrectomy: also big kidney 
can be removed easily through the umbilical orifice

Fig. 48.6 Laparoscopic nephrectomy: if the indication 
for nephrectomy is VUR, you have to remove the kidney 
and all the ureter
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cannula; then two 5 mm trocars are used in trian-
gulation (Figs.  48.3 and 48.7). After entering in 
retroperitoneal space, the Gerota fascia is opened. 
A key point of the technique is to leave the kidney 
attached to the roof; in this way it is easier to iso-
late hilar vessels that appear perpendicular. As in 
laparoscopy, you have to clip or to seal them and 
then section them, and then the kidney is separated 
from its attachments. The ureter is isolated as down 
as possible. The main disadvantage of retroperi-
toneoscopy is that it is not possible to isolate the 
ureter arriving near the bladder as in laparoscopy. 
This is a problem because if the indication is VUR, 
you can leave a long ureteral stump with the risk to 
have a postoperative reflux with UTI and the risk 
to have a second procedure to remove the stump.

In retroperitoneoscopy the kidney is removed 
through the optic orifice.

No drainages are necessary for both techniques.

48.6  Postoperative Care

Patients start oral feeding few hours after sur-
gery. Analgesic requirement is rarely necessary, 
in general only paracetamol the evening of the 
procedure. A short antibiotic therapy is given for 
a couple of days. Patients are discharged from 
hospital on day 1 or 2. Postoperative controls 
are scheduled at POD7 and POD31, and then the 
controls change according to the indication for 
surgery.

48.7  Results

Analyzing the international literature, the conver-
sion rate in laparoscopic nephrectomy is near 0, 
and in retroperitoneoscopy, it is a little bit higher 
above all at the beginning of experience due to 
a peritoneal opening during dissection. As for 
operative time, it is shorter using laparoscopy 
varying from 30 to 130  min (average 47  min), 
while in retroperitoneoscopy the length of sur-
gery is a little bit longer, and it varies from 60 to 
150 min (average 80 min).

Analyzing the length of surgery, the duration 
of surgery in laparoscopy was statistically shorter 
than in retroperitoneoscopy (p < 0.001). In addi-
tion the use of new hemostatic devices for dissec-
tion shortened significantly the time of surgery 
compared with the use of monopolar coagulation 
to perform dissection.

As for complications, the complication rate is 
lower than 5%. In laparoscopy reported mainly 
are bleeding from hilar vessels or infectious com-
plication when the indication for nephrectomy is 
xanthogranulomatous pyelonephritis. In retro-
peritoneoscopy, over these two kinds of compli-
cations, the main complication represented is the 
peritoneal perforations during dissection or the 
symptomatic long refluxing ureteral stump after 
RN that required a redo surgery to remove it.

Complication rate was statistically signifi-
cant higher after RN compared to LN (10.4% vs. 
2.9%, χ2 = 0.05). The hospital stay was similar 
for both approaches; as for the need of drugs, it 
was minimal for both techniques.

48.8  Tips and Tricks

As for laparoscopy, the position of the patient in 
lateral decubitus is a crucial point for the suc-
cess of the procedure; in this way the loops slide 
down, and you have an excellent view of the renal 
loggia. To perform a nephroureterectomy is fun-
damental to detach the colon; in this way you can 
easily isolate the kidney and the full ureter arriv-
ing near the bladder. Four trocars can be neces-
sary above all on the right side to retract the liver 
but sometimes also on the left side.

Fig. 48.7 Retroperitoneoscopic nephrectomy: the kidney 
is removed through the optic orifice
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For sure, using sealing device for dissection, 
it makes the procedure bleeding-free, faster, and 
safer.

As for the management of hilar vessels, also if 
sealing devices have a FDA approval to seal ves-
sels of 5–7 mm in diameter, we think that is safer 
to close hilar vessels using clips.

It is important to remember that if you use 
clips to close vessels, it is forbidden to use mono-
polar scissors or sealing devices to cut between 
clips, because you risk having the clips detach 
immediately or in the postoperative period.

At the end of the procedure, it is not necessary 
to reattach the colon to the colonic loggia.

As for retroperitoneoscopy, before starting 
this procedure, it is mandatory to well master 
the technique of creation of retroperitoneal space 
because this is the main problem of retroperito-
neoscopic route. As for the technique itself, after 
creating the retroperitoneal chamber, the retro-
peritoneoscopic nephrectomy is easier in particu-
lar for the isolation of hilar vessels, and you have 
no problems deriving from the presence of intes-
tinal loops as happens in laparoscopy.

On the contrary in retroperitoneoscopy, it is 
impossible to isolate the lower part of the ureter; 
for this reason when you perform a retroperito-
neoscopic nephrectomy, you leave at least 5 cm 
of the ureter attached to the bladder.

For this reason if the indication for nephrec-
tomy is VUR, it is mandatory to perform nephrec-
tomy via laparoscopy. As for the dimension of the 
kidney, it doesn’t matter because also huge kid-
ney can be removed through optic orifice in par-
ticular in laparoscopy (Fig. 48.5). In conclusion, 
we think that both ways are excellent approaches 
to perform nephrectomy, but there are no doubts 
that laparoscopic nephrectomy is easier, faster, 
and with a lower complication rate compared to 
retroperitoneoscopy.

48.9  Discussion

Nephrectomy is the most common urological 
procedure performed in pediatric patients using 
MIS, and it can be considered the gold stan-
dard procedure for kidney removal in children 

in case of benign diseases [6–8]. However, there 
is a strong debate among pediatric surgeons and 
pediatric urologists if it is preferable to approach 
the kidney in MIS using laparoscopy or retroperi-
toneoscopy [9, 10].

While retroperitoneoscopy meets all the cri-
teria of open renal surgery avoiding opening the 
peritoneum to reach the kidney, it is technically 
more difficult due to the creation of a not exist-
ing operative chamber [11, 12]. In addition the 
retroperitoneal space is too small, and you can 
use few trocars that are difficult to move. As for 
laparoscopy, you work in a well-known and large 
space; you can use more trocars, but to approach 
the kidney, you have to mobilize the colon or to 
open the mesocolon [13]. As for the techniques 
to adopt to perform nephrectomy using MIS, we 
critically analyzed our 20  years of experience 
doing some considerations [14]. In our opinion, 
LN is easier and faster to perform compared to 
RN. Analyzing our experience, it seems that lap-
aroscopy is statistically significantly faster than 
retroperitoneoscopy; instead, the length of hos-
pital stay and the need for drugs in postoperative 
period is similar for both approaches [14, 15].

As for the indication for surgery, according 
with the reports of the international literature, we 
think that MIS nephrectomy has to be used only 
for benign diseases. Otherwise for kidney malig-
nancy, you have to discuss the indication with 
pediatric oncologists to evaluate the pros and cons 
of MIS technique [7, 14]. Retroperitoneoscopy to 
perform nephrectomy presents some contrain-
dications: first of all it is extremely difficult to 
perform a RN if the patients had a previous renal 
surgery or a renal infectious disease as xantho-
granulomatosis pyelonephritis because in both 
cases there are too many adhesions in retroperito-
neal space and it is impossible to create the work-
ing space [7, 14].

On the basis of our experience, we think that 
in case of reflux nephropathy it is mandatory 
to perform a LN rather than a RN, because this 
approach permits to perform a complete ureter-
ectomy near the bladder dome, avoiding to leave 
a residual distal ureteral stump [3, 14]. In lapa-
roscopy you can remove almost the entire length 
of the ureter arriving near to the bladder base 
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leaving only 3–5 mm of the distal ureter, com-
pared to a 5 cm stump that you usually leave in 
retroperitoneoscopy [2, 11, 14].

Also in case of ectopic pelvic kidneys, lapa-
roscopy is preferable to retroperitoneoscopy.

As for technical point of view, we think that 
LN is technically easier than RN even if for 
the hilar vessels control probably RN is bet-
ter because vessels are perpendicular to the 
roof of the field and it is quite easy to isolate 
and to cut them [8, 14]. In the last 10  years, 
we have started to use the new hemostatic 
devices (Starion, Ligasure, Ultracision) to per-
form advanced MIS procedures, and we used 
these devices also for renal surgery. Even if this 
devices are expensive and not strictly neces-
sary to perform a standard nephrectomy, they 
are very useful to perform dissection because 
they eliminate the risk of bleeding, and they 
permit to perform a surgery significantly faster 
compared with the dissection performed using 
monopolar coagulation [5, 7, 14]. Otherwise in 
case of renal infections or in case of previous 
renal or abdominal surgery, hemostatic devices 
are essential to perform a safe surgery and to 
reduce complications [14]. As for the technical 
point of view, even if in laparoscopy it is easy 
to join the kidney, in our experience, we prefer, 
as the majority of authors, to detach the colon 
and to reach the kidney, but also trans- meso 
approach is quite easy to perform [9, 10, 14]. At 
the beginning of the experience, we reattached 
the colon to the lateral abdominal wall, but  
after the first 20–30 cases, we noted that this fix-
ation was not strictly necessary; for this reason 
in the last 70–80 LN, we did not refix the colon 
with the same results for the patient. In general 
the dissection of the ureter, of the kidney, and of 
the hilar vessels is easy to perform; however, in 
case of previous kidney infections or in case of 
xanthogranulomatosis pyelonephritis, the dis-
section phase is very complicated because there 
is not a true plan of dissection between the kid-
ney and the surrounding tissues [7, 14]. As for 
the postoperative course, it was similar for both 
approaches; the need of drugs was minimal, 

and children started liquid diet few hours after 
surgery and full oral intake in the evening or 
maximum the following day. Also the average 
hospital stay was about 2–3  days even if it is 
possible to perform this kind of procedure in a 
day-hospital setting. We never leave a drainage 
after MIS nephrectomy except in case of kidney 
infections. As for the number of trocars, in the 
majority of patients, it is possible to perform a 
nephrectomy using three trocars; a fourth trocar 
may be used in case of a difficult dissection due 
to adhesions or in case of a huge liver on the 
right side. As for the learning curve period, we 
think that it is longer for RN than for LN [1, 
14]. In RN the longer learning curve is due to 
the fact that at the beginning, it is not so easy to 
create the retroperitoneal chamber and to well 
position the three trocars; the second difficult 
point in RN is the risk to open the peritoneum 
during dissection as happened in two cases at 
the beginning of our experience [6, 13, 14]. In 
case of a small peritoneal opening, you can con-
tinue the procedure in retroperitoneoscopy add-
ing a third trocar or a Veress needle to close the 
hole; in case of a large hole, it is preferable to 
convert RN into LN. However, we think that for 
both approaches, it is useful to have a mentor-
ship period with an expert tutor for three to five 
cases for LN and for about ten cases for RN. As 
for the kidney retrieval, we always removed the 
kidney through the optic orifice; for this reason 
we always used a 10 mm optic. In general with 
training it is quite easy to remove the kidney, 
and it is not necessary to use an endobag except 
in case of kidney infection.

On the basis of our 20 years of experience in 
pediatric nephrectomy using MIS, we believe 
that video surgical nephrectomy is an intrigu-
ing surgery to perform, and we clearly prefer 
to perform a nephrectomy using laparoscopy 
rather than retroperitoneoscopy because LN is 
easier, faster, and safer compared to RN [14]. 
In the recent years, we performed practically 
all the nephrectomies using laparoscopy leav-
ing the indication to adopt RN only for the rare 
cases of MKDK.
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Laparoscopic Partial Nephrectomy

Philipp Szavay, Fulvia Del Conte, Marco Severino, 
Maria Escolino, and Ciro Esposito

49.1  Introduction

Duplication of the renal system is one of the 
most common congenital anomalies of the uri-
nary tract. The majority of these anomalies 
remains clinically silent. A smaller number of 
them become evident as a consequence of hydro-
nephrosis, vesicoureteral reflux (VUR), or incon-
tinence. Recently, antenatal diagnosis permits to 
identify many urologic anomalies, including dif-
ferent variants of ureteral duplications, which are 
clinically asymptomatic. A duplex renal system 
often has one moiety that is either poor or non-
functioning. In these cases, there is an indication 
to remove surgically the nonfunctioning moiety.

The surgical management of children with 
renal duplication depends on a variety of factors 
such as parenchymal function of each unit and 
the presence or absence of other associated ana-
tomic anomalies and pathologies, such as ectopic 
ureterocele or vesicoureteral reflux.

Actually, different surgical approach can be 
used to treat the diseased kidney as a posterior 

retroperitoneal, a lateral retroperitoneal, and a 
transperitoneal approach [1–3]. Basically, a pos-
terior retroperitoneal approach is suitable for 
isolated heminephrectomy without the need for 
extensive mobilization and excision of a dilated 
megaureter in younger children (<5  years). In 
comparison, a lateral retroperitoneal approach 
(RHN), with greater working space, is indicated 
for extensive distal ureteral manipulation, as 
heminephrectomy in older children, heminephro-
ureterectomy, or excision of low-lying kidneys. 
Instead, for duplex systems with nonfunctioning 
unit and complicated ureteroceles, a one-stage 
procedure including ureterocelectomy, reimplan-
tation of the lower part ureter, and bladder base 
repair would be best treated by a transperitoneal 
approach (THN) [1]. In this chapter we will only 
deal with the THN; RHN will be dealt with in 
another chapter.

49.2  Preoperative Preparation

Preoperative examinations should focus on the 
anatomical malformations of the whole urinary 
tract and their functional implications.

Investigations have to include ultrasonography 
and DMSA scintiscan, if necessary intravenous 
pyelography (IVP) or even a magnetic resonance 
(MR) urogram.

In some cases, cystoscopy may help to under-
stand the anatomy.
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An intestinal preparation with simethicone, 
enema, and liquid diet is desirable especially in 
young children.

Preoperative antibiotic prophylaxis should be 
administered either with a broad-spectrum medi-
cation or according to the child’s specific urine 
testing.

All patients and their parents have to sign a 
specifically formulated informed consent before 
the procedure.

Patients received a general anesthesia. A 
Foley catheter is positioned in the bladder before 
surgery.

49.3  Positioning

For THN the patient should be placed in a semi-
lateral position close to the edge of the operat-
ing table with the ipsilateral side elevated. The 
surgeon and assistant stand on the contralateral.

side, facing the pathology and the monitor 
in a straight line. This approach utilizes gravity 
for retraction of the colon, allows clear dissec-
tion of the ureters even down to the bladder level, 
and facilitates a safe access to the renal pedicle 
(Fig.49.1).

We use always a 10 mm optic 30° because we 
always used the optic orifice to remove the kidney 
moiety. In laparoscopy we use three trocars, but 
above all on the right side, we use a fourth trocar 
to retract the liver or on the left side to retract the 

spleen or the loops. In general the trocars adopted 
are of 5 mm in diameter because we need to use 
during the procedure a clip applier for vessel con-
trol, a sealing device, or a peanut. The trocars are 
positioned in triangulation with the optic to have 
a better ergonomy (Fig. 49.2): periumbilical for 
the optic and upper quadrant and lower quadrant 
(always ipsilateral to the diseased kidney) for the 
instruments.

49.4  Instrumentation

Generally we start performing a cystoscopy to 
place a stent into normal ureter moiety to use 
it as guide. In this step we need an operative 
cystoscope.

Then for laparoscopic procedure, we use a 
couple of atraumatic fenestrated forceps to man-
age tissues, a curve dissector to isolate vessels, 
a hook cautery to perform dissection, and scis-
sors to cut. Usually we adopt an endoloop to 

Fig. 49.1 Semi-lateral decubitus and crew’s position for 
laparoscopic nephrectomy

2mm

5mm

5mm

10mm

5mm

Fig. 49.2 Trocar position for a right laparoscopic 
nephrectomy
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close the distal ureter. A needle holder is rarely 
adopted for this procedure. To perform hilar ves-
sel control, we used 5 mm titanium clips, or in the 
last 10 years, hemostatic devices Starion MLS3 
or Ultracision or Ligasure can be useful to per-
form a faster and safer dissection. A peanut can 
be adopted sometimes for dissection. It is safe 
to prepare a suction aspiration device, and put it 
on the bench because it can be useful in case of 
bleeding. In general no endobag is necessary to 
remove the renal moiety that is removed to the 
trocar orifice; an endobag can be necessary only 
in case of infected kidney.

49.5  Technique

The technique is divided into two phases: cystos-
copy and laparoscopy.

Cystoscopy is performed to place a stent in the 
ureter of the unaffected pole; this will be your 
guide during laparoscopy step to identify and to 
avoid damaging the ureter of the normal moiety 
(Fig. 49.3).

In laparoscopy, thanks to the semilateral decu-
bitus, the loops slide down, and you have only to 
detach the colon before opening the Gerota fas-
cia and to isolate the kidney. Another alternative 
can be to pass trans-meso, but above all in older 
children, it can be difficult due to fat tissue in the 
meso and to the risk to create an injury to meso- 

vessels; for this reason the majority of author 
prefer to detach the colon. You can do it using 
hook cautery or in a faster way using sealing 
device. After opening the Gerota fascia, the ure-
ter of the affected pole is identified and isolated, 
it is followed upward arriving to the kidney, hilar 
vessels of the affected moiety are isolated sepa-
rately, and then they have to be clipped and sec-
tioned. Another alternative is to seal the vessels 
using sealing device. Now a demarcation line 
designed by devascularization will be visible and 
the affected moiety removed easily with sealing 
device. Then the affected pole is separated from 
posterior attachment, and the ureter is isolated 
arriving near the bladder. If vesicoureteral reflux 
is present (as happens in the majority of cases), 
you have to remove as much ureter as possible 
arriving near the bladder, and you have to ligate, 
preferably using an endoloop, the distal part of 
the ureter. If the indication is not VUR, you can 
leave the ureter open. In laparoscopy, the resected 
moiety and the ureter are removed through the 
trocar orifice at umbilical level.

A drainage can be placed to check possible 
urinary leakage in the postoperative period.

49.6  Postoperative Care

Patients start oral feeding few hours after surgery. 
Analgesic requirement is rarely necessary; in 
general we give only paracetamol the evening of 
the procedure. A short antibiotic therapy is given 
for a couple of days. Patients are discharged from 
hospital on day 2 or 3. Postoperative controls are 
scheduled at POD7 and POD31, and then the 
controls change according to the indication for 
surgery, and an echo-color Doppler (ECD) renal 
ultrasounds is performed 1  month and 1  year 
after surgery.

49.7  Results

The median duration of surgery is generally 
1 h. The conversion rate in laparoscopic partial 
nephrectomy, if it is performed by expert hands, 
is near 0.

Fig. 49.3 Laparoscopy permits a clear identification of 
upper renal vessels (UPV) and main renal vessels (MRV)
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In general, there was no intraoperative 
bleeding.

The indication for surgery is generally recur-
rent UTIs (secondary to VUR and associated 
with an ureterocele), loss of kidney moiety func-
tion, and ectopic ureter causing incontinence.

A recent multicenter study [4] recorded 10/52 
(19.2%) complications (4 urinomas, 2 recur-
rent UTIs in symptomatic ureteral stumps, 4 
prolonged urinary leakages), classified as grade 
II complications according to Clavien–Dindo 
grading system [5], but no conversion to open 
surgery nor intraoperative complications was 
recorded. The patients with prolonged urinary 
leakage were managed conservatively, leav-
ing the bladder catheter and the drainage in 
situ until the complete resolution of the leak-
age (max 10 days). In a patient who underwent 
upper heminephrectomy, the urinary leakage was 
discovered intraoperatively, and methylene blue 
was injected to the stent introduced through the 
normal ureter to identify the leak and to close it 
with a couple of stitch. The remaining complica-
tions (four urinomas and two recurrent UTIs in 
symptomatic refluxing ureteral stumps) resolved 
spontaneously or after antibiotic therapy, without 
the need of a new surgical procedure.

ECD renal ultrasounds were normal in all 
patients, either 1 month or 1  year after surgery 
(Fig. 49.4).

Postoperative DMSA scan demonstrated no 
loss of function of the residual kidney moiety 

(mean value 37.8%) compared to before surgery 
(mean value 38.1%) in all operated children.

Analyzing the papers reporting results of LPN 
in children published in the last 10 years [6–8], a 
0% conversion rate was reported in all the ana-
lyzed papers. The median operative time varied 
between 90 and 198 min. The complication rate 
varied between 7.4 and 52.9%.

49.8  Tips and Tricks

It is mandatory before starting laparoscopy to per-
form a cystoscopy to place a stent in the normal 
ureter to avoid damaging it during the procedure.

As for laparoscopy, the position of the patient 
in lateral decubitus is a crucial point for the suc-
cess of the procedure; in this way the loops slide 
down, and you have an excellent view of the renal 
loggia. To perform a partial nephroureterectomy 
is fundamental to detach the colon; in this way 
you can isolate easily the kidney and the full ure-
ter arriving near the bladder.

A fourth trocar can be necessary above all on 
the right side to retract the liver but sometimes 
also on the left side; the need of a fourth trocar 
depends on the spleen size and on the surgeon’s 
preference. Probably at the beginning of expe-
rience, it is better to use always four trocars on 
both sides to have an adequate exposure of the 
operative field.

A useful expedient in our experience is to 
check the integrity of the parenchymal resection 
edge by injection of methylene blue dye into the 
ureteral catheter positioned preoperatively into 
the ureter of the normal functioning moiety. In 
this way, we can check that the normal function-
ing kidney moiety has not been opened during 
the resection of the nonfunctioning moiety. We 
also recommend to leave a drain in the abdominal 
cavity for at least 24–48 h after surgery to check 
an eventual leakage.

Finally, we think that another important rec-
ommendation is to always perform distal ureter-
ectomy to the level of the bladder hiatus and to 
ligate the ureteric stump in patients with reflexive 
systems to avoid postoperative symptoms associ-
ated with recurrent UTIs.

Fig. 49.4 ECD exam show a normal vascularization of 
normal moiety in the postoperative period
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For sure, using sealing device for dissection 
makes procedure bleeding-free, faster, and safer 
(Fig. 49.5).

As for the management of hilar vessels, also 
if sealing devices have a FDA approval to seal 
vessels of 5–7 mm in diameter, we think that it is 
safer to close hilar vessels with clips.

It is important to remember that if you use 
clips to close vessels, it is forbidden to use mono-
polar scissors or sealing devices to cut between 
clips, because you risk having the clips detach 
immediately or in the postoperative period.

At the end of the procedure, it is not necessary 
to reattach de colon to the colonic loggia.

49.9  Discussion

Advanced laparoscopic procedures in pediatric 
urological surgery have gained wide acceptance 
in the last two decades [9, 10]. Some advanced 
laparoscopic procedures in pediatric urology 
are now facilitated by the use of the advanced 
technologies available on the market as HD 
cameras, miniaturized instruments, and in partic-
ular special hemostatic devices [11]. Excluding 
oncological indications, the main indication for 
partial nephrectomy in children is to remove a 
nonfunctioning upper or lower pole secondary to 
complicated duplex anomalies of the kidney [7]. 
Laparoscopic partial nephrectomy is technically 

more demanding than laparoscopic nephrectomy 
[12]. In particular during the resection of the non-
functioning moiety, there exists a risk to damage 
the vascularization of the residual kidney, and 
there is a risk of urine leakage at the level of the 
parenchymal resection or at the level of the resid-
ual ureteral stump [7].

After the first description of laparoscopic 
partial nephrectomy in children by Jordan and 
Winslow more than 25  years ago in 1993 [13], 
this procedure has gained wider acceptance 
compared to the open approach, thanks to the 
reported advantages of decreased hospital stay, 
lower analgesic requirements, and cosmesis [14]. 
This procedure can be carried out through either 
a retroperitoneal or transperitoneal approach [10]. 
Also if there is no evidence in the international 
literature about which technique between laparos-
copy and retroperitoneoscopy is the best to adopt 
to perform LPN, analyzing the international lit-
erature, it seems that retroperitoneoscopy has a 
higher rate of conversion and a higher number of 
major complications compared to LPN [15].

The most frequent complications occurred in 
our experience in LPN were urinomas and pro-
longed leakages that are related to urine leakage 
at the level of the parenchymal resection or of the 
residual ureteral stump. This leakage could be 
due to residual excretive structures of an incom-
pletely resected kidney moiety or to the open-
ing of the normal functioning kidney moiety. 
Probably on the basis of our experience, it seems 
that the prolonged leakage can be due also to an 
excessive peritoneal secretion due to the fact that 
the colon is mobilized to better expose the kidney 
and ureter. In addition, we recorded two cases of 
recurrent UTIs due to symptomatic residual ure-
teric stumps.

The use of laparoscopy to perform PN has 
the main benefit of a good overall exposure of 
the anatomy of the kidney and its vasculature; in 
particular, it is extremely easy to identify the vas-
cularization of the nonfunctioning kidney, thanks 
to the use of a 30° optic (Fig. 49.6). In addition, 
during the dissection of the dilated ureter, in male 
infant, it is very important to identify and save the 
gonadal vessels that cross the ureter in particular 
on the left side.

Fig. 49.5 New hemostatic devices permit the parenchy-
mal section without any bleeding
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In conclusion we think that laparoscopic 
partial nephrectomy is easier than retroperito-
neoscopic PN, but it still remains a challenging 
procedure performed only in pediatric centers 
with high experience in MIS.

In our mind, the principal advantages of lapa-
roscopy are the complete and clear view of all 
urinary tract, the possibility to remove all the ure-
ter near the bladder dome and to have a very good 
view of renal hilar vessels. Although the median 
operative time was higher than 90 min, generally 
we recorded no conversions nor intraoperative 
complications.
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MIS Management of Duplex 
Kidneys

M. Asimakidou and I. Mushtaq

50.1  Introduction

Duplex kidneys are present in 0.7–4% of the 
population [1]. The true incidence may be higher 
because in the pre-ultrasound era, these kidneys 
would escape diagnosis and would be discov-
ered incidentally in later childhood or adulthood. 
Today with the widespread use of antenatal scan-
ning, the vast majority of these kidneys are diag-
nosed prenatally. However, not all duplex kidneys 
will require surgical intervention. Occasionally 
one of the two moieties will be affected by either 
obstruction or reflux and often with an associated 
reduction in function. When the moiety is non-
functioning, then it will often require removal, 
and in the majority of cases, it is the upper moiety 
that is affected.

Traditionally these renal moieties have been 
removed by an open procedure through a lum-
bar or anterior extraperitoneal approach. More 
recently laparoscopic surgery through a trans-
peritoneal or retroperitoneoscopic approach is 
perhaps more popular [2–4].

In this chapter we describe the retroperitoneo-
scopic approach for partial nephrectomy which, 
once mastered, gives an excellent aesthetic result 
and a fast postoperative recovery.

50.2  Preoperative Preparation

Informed consent is obtained from those with 
parental responsibility ideally a few days before 
the procedure in the pre-assessment clinic. The 
patient can be admitted to the hospital on the day 
of the procedure and is marked on the affected 
side. All patients receive on induction a dose of 
intravenous co-amoxiclav or other appropriate 
antibiotic if there are positive preoperative urine 
cultures. A urinary catheter can be placed at the 
beginning of the procedure according to local 
practice.

50.3  Positioning

The patient is positioned fully prone with the 
affected side close to the edge of the operating 
table. Care is taken to place pressure paddings 
under the chest and hips to allow the abdo-
men to be free for respiration. Once the patient 
is secured in place and before draping the spi-
nous processes, iliac crest and the 11th and 12th 
ribs are marked (Fig.  50.1). Some surgeons at 
this stage would prefer to position the patient 
in a semi- prone position with the affected side 
slightly tilted upward. In this case the patient is 
placed with the non-affected side closer to the 
edge of the operating table.M. Asimakidou · I. Mushtaq (*) 

Department of Paediatric Urology, Great Ormond 
Street Hospital for Children, London, UK
e-mail: imran.mushtaq@gosh.nhs.uk

50

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-00964-9_50&domain=pdf
mailto:imran.mushtaq@gosh.nhs.uk


370

50.4  Instrumentation

A single 5 mm incision is used in order to access 
the retroperitoneal space around the kidney. This 
first incision is placed midway between the 12th 
rib and the iliac crest at the lateral border of the 
sacrospinalis muscle. The muscles are cut down 
to the level of the retroperitoneum, and the initial 
working space is created with the use of a home-
made balloon or gauze swab (Fig. 50.2). The bal-
loon is inserted in the retroperitoneal space, and 
80–120 mL of the air is instilled in the balloon in 
order to create the working space for the nephrec-
tomy [5, 6]. The camera port is then inserted, and 
insufflation is maintained with a flow of 2 L/min 
and an insufflation pressure of 12–15 mmHg. A 
5  mm instrument port is inserted under direct 
vision laterally to the camera port between the 
11th rib and the iliac crest (Fig.  50.3). A third 
port could be placed if needed under direct vision 
more medially in order to achieve triangulation. 
A 5 mm 30-degree laparoscope is best suited to 
this surgery as it will allow for an enhanced view 
of the renal structures over the posterior surface 
of the kidney.

50.5  Technique

The kidney is identified, and the Gerota’s fascia is 
incised in a cruciate manner. The perinephric fat is 
dissected in a blunt manner using monopolar dia-
thermy in order to expose the posterolateral sur-
face of the kidney. Dissection is then carried out 

toward the medial part of the kidney with an aim 
to expose the hilar vessels which will readily come 
into view (Fig. 50.4). It is important always to con-
firm the duplex anatomy of the kidney before pro-
ceeding to dissection and division of the vessels. 
The vessels to the affected pole are identified and 
ligated/divided in accordance with the operating 
surgeons’ preference (Harmonic scalpel, Ligasure, 
endoclips, suture) (Fig. 50.5). This maneuver will 
create a line of demarcation between the upper and 
the lower moieties of the kidney, which will aid 
the subsequent excision (Fig. 50.6). At this point 
care must be taken to identify possible anoma-
lous vessels to the affected moiety, particularly on 
the anterior aspect and divide them. This is seen 
more  frequently when removing an affected upper 
pole, where there can also be short vessels coming 
from the lower pole very close to the parenchymal 

Fig. 50.1 Positioning and marking of the patient
Fig. 50.2 Custom made balloon for the creation of retro-
peritoneal space

Fig. 50.3 Positioning of the ports. In most of the cases, it 
is feasible to proceed with the utilization of only two ports
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junction of the upper and lower poles. Once all 
appropriate vessels are ligated, the affected ureter 
should be divided in a short distance (2 cm) from 

the renal pelvis. The proximal divided ureter can 
be used to rotate the affected moiety laterally in 
order to expose additional vessels at the anterior 
surface of the kidney. If the ureter to be excised 
is associated with reflux, then it should be ligated 
as far distally as safely as possible. If there is no 
reflux present, it is safe to leave the ureter with-
out ligation. The affected moiety is excised with 
the use of diathermy hook or Ligasure/Harmonic 
scalpel. In cases where the specimen is relatively 
small, it can be retrieved directly through the port 
site. For larger specimens an endopouch is used 
for retrieval. At the end of the procedure, all port 
sites are approximated with 4/0 Vicryl, and the 
skin is closed with tissue glue.

50.6  Postoperative Care

Postoperatively the patient is returned to the ward. 
Oral feeds are commenced on the same day, and 
IV antibiotics are administered for the first 48 h 
after surgery. It is common for the patient to have 
some pyrexia in the first 24 h after surgery, prob-
ably related to the spillage of urine.

If a urethral catheter has been placed, it is 
removed after 48 h or once the patient can mobi-
lize to the bathroom. Regular paracetamol is used 
for the first 48–72 h with the addition of ibupro-
fen if required (if not contraindicated).

50.7  Results

The surgery normally lasts for 90–120  min 
depending on the status of the kidney. Preoperative 
pyelonephritis might create local scarring and 
hence lengthen the kidney dissection phase. Most 
of the patients will be discharged on the second 
or third postoperative day. Rarely patients are 
kept for an extra day, and these are usually older 
children with slower recovery. Patients can return 
to their regular activities 7 days after the surgery. 
Follow-up is arranged 3 months after the proce-
dure with a repeat ultrasound scan of the kidneys. 
If this is satisfactory, then a further ultrasound is 
performed at 12  months after surgery, with the 
addition of a nuclear scan (MAG3/DMSA) at the 
same time.

Fig. 50.4 Intraoperative picture after the dissection 
around the kidney and the vessels

Fig. 50.5 Intraoperative picture. The vessels leading to 
the affected moiety are ligated

Fig. 50.6 Intraoperative picture. Demarcation zone 
(arrows) is evident after the ligation of the vessels to the 
affected moiety
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50.8  Tips and Tricks

In young children the space between the ribs and 
the iliac crest is limited. Bending the patient’s 
spine toward the normal side will create a larger 
distance on the affected side. This is usually 
achieved by moving the patient’s legs away from 
the affected side on the operative table.

Creating the initial retroperitoneal space out-
side the Gerota’s fascia is crucial. This space is 
avascular, and the initial dissection would be 
blood free. In order to achieve that, the surgeon 
should dissect the muscles with a small clip. 
While gradually dissecting through the muscle 
layers, two separate “gives” should be felt. 
After that the tip of the clip is just at the work-
ing space that needs expansion. The balloon is 
inserted and inflated slowly. Lubricating gel on 
the surface of the balloon can facilitate creation 
of the space.

After the creation of the working space and 
the insertion of the ports, the Gerota’s fascia is 
opened. It is very important to create a cruciate 
opening. This way the fascia will retract away 
from the operative field providing maximal view 
and operative space.

During the procedure the diathermy should be 
used liberally. The working space is limited and 
even small amount of bleeding could obstruct 
good vision. Furthermore, even when bleeding 
is controlled, the blood that has infiltrated the 
tissues would absorb light and hinder optimal 
vision.

50.9  Discussion

Laparoscopic techniques are gaining increased 
popularity, and in experienced hands, complica-
tion rates are now similar to the open procedures. 
Minimally invasive techniques require time for the 
learning curve to plateau. Retroperitoneoscopic 
approach is deemed more challenging due to the 
reversed anatomy (posterior view of the kidney) 
and the limited working space. In this context 
familiarity with the approach and often exposure 
to the procedure are required to minimize com-
plication rates [4].

In total nephrectomy the complication rate 
between the transperitoneal and the retroperi-
toneoscopic approach is similar. However, the 
retroperitoneoscopic approach offers the invalu-
able advantage of leaving the peritoneal space 
intact [2, 7]. In partial nephrectomy the current 
literature is rather conflicting. A recent study 
has reported that the complication rate might be 
higher with the retroperitoneoscopic approach. 
Additionally, in the same study, the postoperative 
course was found longer for the retroperitoneo-
scopic approach [8]. These findings were consis-
tent with previous smaller studies that reported 
higher complication rates in the retroperitoneo-
scopic group [2]. Most of these complications 
are classified as grade II or III according to the 
Clavien-Dindo classification [8].

Taking a closer look at the specific compli-
cations of the technique, these could be divided 
into intraoperative, immediate postoperative, 
and long term. During the initial dissection, the 
peritoneum could be inadvertently opened, and 
the procedure may need to be converted to open. 
Similarly, if intraoperative bleeding occurs and it 
is difficult to control, then conversion is required. 
The limited space in the retroperitoneoscopic 
approach makes even small amount of bleeding 
quite challenging. Conversion rates are between 
2.5 and 18% [9]. In transperitoneal laparoscopic 
partial nephrectomy, the conversion rates are 
lower, between 0 and 4% [2]. Despite that even 
in our early experience, we encounter no conver-
sions [3].

The most common immediate postoperative 
complication is a local collection, in most cases 
a urinoma. The urinoma occurs due to leak from 
the remaining moiety and is usually initially 
managed with the insertion of a urethral cath-
eter. Some urinomas though will require percu-
taneous drainage. The incidence of urinomas in 
 retroperitoneoscopic partial nephrectomy ranges 
between 2.5 and 13.5% [9]. In laparoscopic trans-
peritoneal approach, the incidence of complica-
tions due to urinary leak seems to be negligible 
or to occur in lower rates [2, 3].

The long-term complications could include 
recurrent urine infections due to the refluxing 
ureteric stump (ureteric stump syndrome), asymp-
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tomatic cyst formation (27–48%), and loss of 
function to the remaining moiety (2.5–9%) [9–11]. 
The ureteric stump can become problematic in the 
postoperative period in cases of refluxing ureter, 
and as such some surgeons prefer to utilize the 
transperitoneal approach over the retroperitoneo-
scopic as it can provide better access to the very 
distal ureter [12, 13]. The formation of an asymp-
tomatic cyst is a rather common finding, and it has 
been related with the technique used, especially 
the use of endoloop [14]. Recent data suggest that 
the technique used to resect the parenchyma does 
not collate with the formation of these cysts and 
other reasons should be sought [11].

Retroperitoneoscopic partial nephrectomy 
is feasible and safe in the pediatric population. 
Despite some data suggesting a higher com-
plication rate, we believe that the increased 
experience in centers which use the retroperito-
neoscopic approach routinely for other surger-
ies could obviate this difference. The advantages 
of a more direct approach to the kidney and the 
vascular pedicle, combined with minimal risk to 
the adjacent intraabdominal organs and an intact 
peritoneal cavity, make it an attractive approach 
to master.
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Laparoscopic Management 
of Intrinsic Ureteropelvic Junction 
Obstruction (UPJO)

Philipp Szavay

51.1  Introduction

Ureteropelvic junction obstruction (UPJO) is the 
most common cause of hydronephrosis in infants 
and children. Since Anderson and Hynes described 
their technique of open dismembered pyeloplasty 
through a retroperitoneal approach, this has been 
considered the gold standard in surgical care for 
UPJO. When in 1995 Peters reported on the first 
pediatric laparoscopic pyeloplasty, a new era for 
laparoscopy in pediatric urology began. For the 
first time reconstructive surgery on the upper uri-
nary tract was hereby implemented. Meanwhile 
pyeloplasty in children either by a laparoscopic or 
a retroperitoneoscopic approach has become an 
established technique to operate on UPJO in 
infants and children. The aim is to propose practi-
cal clinical guidelines for the current gold stan-
dard of laparoscopic dismembered pyeloplasty.

51.2  Current Status and General 
Aspects of Laparoscopic 
Dismembered Pyeloplasty

Meanwhile advantages of laparoscopic upper uri-
nary tract surgery in children and infants are widely 
acknowledged as well as accepted. Compared to 

the former gold standard of open pyeloplasty [1], 
the minimally invasive approach offers a superior 
cosmesis, while functional results proofed to be at 
least equal both in children and infants. The length 
of hospitalization could be decreased, and there 
might be additional advantages such as less post-
operative pain (nn). Apart from those issues, lapa-
roscopic dismembered pyeloplasty offers superior 
visualization of the anatomy, accurate anastomotic 
suturing, and thus precise reconstruction of the 
UPJ which promises good functional results. 
Therefore laparoscopic transperitoneal dismem-
bered pyeloplasty can be considered as the gold 
standard for surgical treatment of intrinsic UPJO.

51.3  Indications for Surgery 
of Intrinsic UPJO

Intrinsic UPJO is defined as a defect of the 
smooth muscle of the ureter, consecutively lead-
ing to an obstruction of the UPJ.  Indication for 
surgery is given when:

• Differential renal function (DRF) of the 
affected side below 40%

• Decrease of DRF, documented in more than 
just one examination, such as a renal scinti-
gram or a MRI, respectively

• Relevant urodynamic obstruction in renal 
scintigram or MRI, respectively

• Recurrent urinary tract infection (UTI) and/or 
pyelonephritis
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• Subjective patient complaints, such as flank 
pain

• Special anatomical condition such as horse-
shoe kidney along with obstruction

The aim of surgery is to maintain DRF and to 
improve urinary drainage.

51.4  Preoperative Diagnostic 
Work-Up

Preoperative diagnostic work-up includes:

• Ultrasound
• Diuretic renal scintigram
• MRI

To indicate an intravenous pyelography is 
meanwhile obsolete and should be restricted to 
very rare and complex indications only.

51.5  Preoperative Preparation

Informed consent is obtained from all patients or 
their parents, respectively, prior to surgery. 
General anesthesia with muscle relaxation is pro-
vided. A Foley catheter is inserted in order to 
control urinary drainage as well as provide an 
empty bladder during laparoscopy for improved 
working space and view. Perioperative single- 
shot antibiotic therapy is administered according 
to the weight of the patient and to local prefer-
ences, respectively. The patient is prepped and 
placed according to local standards and follow-
ing the rules of asepsis.

51.6  Positioning and Ergonomics

The patient is placed in supine position. The flank 
of the affected side to operate on is slightly ele-
vated with a gel pad or similar. According to the 
specific operating theater specification and setup, 
respectively, the screen is positioned on the side 
of the patient who will be operated on in order to 
provide the surgeon with a view in direction to 

the operating field. Additional monitors are 
placed meaningfully around the patient to facili-
tate view for the assistant surgeon, scrub nurses, 
anesthetists, and others, respectively. To provide 
an ergonomic posture for the surgeon, the moni-
tors may be positioned rather low, so that the sur-
geon is more looking downward such as in an 
open procedure. Surgeon’s position is on the 
opposite side of the patient, while the assistant 
surgeon driving the camera is standing or rather 
seated on the same side, with both the surgeons 
looking in direction to the side of the operating 
field. The scrub nurse is standing across at the 
patient’s opposite side.

51.7  Instrumentation

The conventional approach for laparoscopic 
pyeloplasty is a three-trocar access to the abdo-
men, with one 5 mm trocar at the umbilicus as for 
a 5 mm scope, as well as 2–3 mm working ports 
in the upper and lower abdomen of the affected 
side, respectively. As in general triangulation 
should be the goal with respect to the renal pelvis 
to operate on (see Fig. 51.1).

Fig. 51.1 Trocar sites for laparoscopic transperitoneal 
pyeloplasty (left-sided)

P. Szavay



377

51.8  Technique

Surgical steps of laparoscopic transperitoneal 
pyeloplasty are defined as gaining access to the 
affected kidney, either through a retro-colonic or 
a trans-mesocolic access to Gerota’s fascia. 
Following the incision of the fascia as well as of 
the fatty capsule of the kidney, a blunt/sharp dis-
section leading to the pyelon is carried out. When 
the pyelon becomes visible and is identified a 
direct attempt should be made to grasp it and then 
further dissect it out, again using a blunt and/or 
sharp technique with electrocautery, scissors, 
harmonic or similar devices respectively. When 
the renal pelvis has been sufficiently exposed, 
thus the UPJ has also been dissected out, two 
transabdominal hitching sutures will help to 
expose the pyelon in order to perform the resec-
tion of the UPJ.  Those should be placed with 
care, safely sparing the renal hilar vessels, and 
the caudal one placed behind the UPJ, so the 
resection of the UPJ can be carried out in front of 
the hitching suture (see Fig. 51.2).

Following the resection of the UPJ, the ureter 
now is incised but not cut completely at a level 
safe below the UPJ and then spatulated on his 
lateral aspect in order to provide a sufficient 
length of ureteral wall for achieving a wide side-
to-side anastomosis (see Fig. 51.3).

The idea behind leaving the resected part of 
the pyelon, UPJ, and proximal ureter, respec-
tively, in place and not cutting them off com-
pletely is that this tissue may provide as a 
“handlebar” during the following suturing pro-

cess to achieve the anastomosis (see Fig. 51.4). 
Thus the ureteral tissue does not have to be 
grabbed and compromised by instrument 
manipulation. A side-to-side anastomosis is 
then carried out, starting with the back side. 
The anastomosis can be performed with either 
a single interrupted technique or a running 
suture as well. The single interrupted sutures 
will offer more safety in achieving a watertight 
anastomosis and may be more tissue-sparing as 
well. The running suture may allow a rather 
time-saving technique however requires con-
stantly the application of tension to the thread 
in order to avoid loosening which might be the 
cause for urinary leakage later. Meanwhile 

Fig. 51.2 Resection of UPJ, facilitated through two 
transabdominal hitching sutures

Fig. 51.3 Aspect of the incised and spatulated ureter

Fig. 51.4 Using the resected part of the UPJ as a “han-
dlebar” to drive the tissue during suturing
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barbed sutures are available down to metric 
sizes of 4/0 that may facilitate performing a 
running suture in this setting. Otherwise we 
prefer to use braided sutures in sizes of 6/0 for 
infants and 5/0 for older patients. An inverting 
technique of suturing is recommended to avoid 
any suturing material to be exposed to intralu-
minal as this might cause crystallization at the 
thread with consecutive bacterial colonization. 
After completion of the back side, the patency 
of the anastomosis should be checked, before 
continuing the anastomosis of the front side 
(see Fig. 51.5).

When the front side of the anastomosis has 
been completed in the same fashion (see 
Fig.  51.6), the remaining open pyelon can be 
closed again using a running suture or “Z-type” 
single interrupted sutures. The final aspect should 
be confirming a wide side-to-side anastomosis 
with a newly created patent UPJ.

There is some ongoing discussion whether to 
stent the anastomosis and what kind of stent to 
use. We prefer using a transabdominal, trans- 
anastomotic stent technique. A 6-8 F stent is 
brought into the abdomen using a curved (custom- 
made) spear and then brought through the open 
pyelon and through an identified calyx, respec-
tively, while puncturing the renal parenchyma 
brought out again through the abdominal wall lat-
erally. The tip of the catheter is then pulled into 
the abdomen and finally is then introduced into 
the distal ureter. This allows an atraumatic tech-
nique that does not require a second general anes-
thesia to remove the stent like with the use of any 
kind of double-J stents (see Fig. 51.7).

Other techniques include double-J stents, per-
cutaneous nephrostomy stents, and others.

Following the completion of the pyeloplasty, 
the hitching sutures are removed, the kidney is 
repositioned, and the eventually mobilized bowel 

Fig. 51.5 Checking the patency of the anastomosis after 
completion of the back wall

Fig. 51.6 Single interrupted suture of the front side 
anastomosis, using the resected UPJ as a “handlebar”

Fig. 51.7 Placement of a transabdominal, trans-anastomotic ureteral stent [2]
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is brought back to its original position. In a regu-
lar case, an additional drainage will not be 
required. The specimen of the resected pyelon 
and UPJ, respectively, is removed from the abdo-
men along with one of the working ports.

51.9  Postoperative Care

Antibiotic treatment is administered according to 
local guidelines; however, it may be adapted with 
regard to intraoperative findings. Oral feeding 
may be allowed the same day. The use of analge-
sics for postoperative pain control should be lib-
eral and in general following international 
recommendations such as the WHO “Treatment 
Guidelines on Pain,” adapted to local require-
ments and guidelines. Patients can be discharged 
theoretically on day 1 or 2, respectively; however 
we tend to leave the trans-anastomotic stent for 
7 days while the patient stays in the hospital. The 
question whether to put a stent in and if so how 
long those should stay remains to the preference 
of the surgeon as there is so far no evidence in 
favor for one of the mentioned methods.

51.10  Discussion

Laparoscopic dismembered pyeloplasty has 
evolved to become the gold standard for the sur-
gical treatment of intrinsic UPJO since a surgical 
first in 1995 by Craig Peters [1]. It has been 
proven to be safe, effective, and associated with a 
low complication rate with excellent functional 
results [3–10]. This is obviously also true for 
recurrent UPJO [11, 12]. Laparoscopic dismem-
bered pyeloplasty on the same hand offers low 
morbidity due to the reduced surgical trauma, 
superior cosmesis, fast recovery, and quick return 
to daily and social activities. It has been therefore 
surpassed open pyeloplasty in many centers as 
the gold standard surgical management for UPJO.

Compared to open surgery, there have been 
implications coming along with minimally 

 invasive approach techniques. The most remark-
able one is probably the less reduction of the 
renal pelvis as compared to the original tech-
nique described by Anderson and Hynes. 
However different authors considered a less 
reductive resection of the renal pelvis not to be 
determinative in terms of the functional result 
[13, 14]. Whether to use running or single inter-
rupted sutures, respectively, remains to the pref-
erence of the surgeon. There might be some 
higher surgical efficiency with the running suture 
method [15]. One striking advantage of trans-
peritoneal laparoscopic pyeloplasty is that the 
approach is a standard procedure for many indi-
cations in both pediatric surgery and urology. In 
addition it is applicable also for children below 
1 year of age. There is sufficient evidence in lit-
erature that also in infants laparoscopic dismem-
bered pyeloplasty has been proven to be a safe 
procedure providing the same functional out-
comes as the open approach [16–18]. In compar-
ing laparoscopic multiport pyeloplasty with 
single-site approaches such as the trans-umbili-
cal approach, it could be demonstrated that 
although the cosmetic result with the single-site 
approach is satisfactory, the multiport access did 
affect the shape of the umbilicus; thus the cos-
metic result was considered to be better [19]. 
Multiple studies were aiming to describe differ-
ences in between open, laparoscopic, and robotic 
pyeloplasties, respectively [20, 21]. All of those 
demonstrate that patients undergoing robotic- 
assisted laparoscopic pyeloplasty had a shorter 
hospital stay and less request of pain medication; 
however, there could be no difference shown in 
the success rates for open, laparoscopic, and 
robotic-assisted laparoscopic pyeloplasty, 
respectively. In conclusion and with regard to a 
higher cost associated with robotic pyeloplasty 
thus making it less available to the majority of 
patient population, laparoscopic pyeloplasty 
considered to be equally effective as all other 
available techniques should be considered as the 
true technique of choice for surgical treatment of 
intrinsic UPJO in children and infants.
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Laparoscopic Management 
of Extrinsic Ureteropelvic Junction 
Obstruction (UPJO) by Crossing 
Vessels

Salvatore Fabio Chiarenza and Cosimo Bleve

52.1  Introduction

Open or laparoscopic dismembered pyeloplasty 
(DP) is the gold standard procedure to treat UPJO 
since the procedure was first described by Anderson 
and Hynes (AHDP) in 1949 [1]. UPJO may be 
caused by intrinsic disorganization or by extrinsic 
compression from crossing vessels (CV); extrinsic 
causes often present symptomatically in older chil-
dren. The association between UPJ obstruction and 
extrinsic aetiology by lower pole CV was first 
described by Von Rokitansky in 1842 [2]. UPJO 
due to CV, frequently observed in adults, is a rare 
condition in neonates and has a slight incidence in 
older children. An alternative approach to pure 
extrinsic UPJO was first described by Hellström 
[3] always in 1949; it involved displacing the lower 
pole vessels cranially and then anchoring them to 
the anterior pelvic wall using vascular adventitial 
sutures. Chapman [4] further modified this tech-
nique by securing a more superior position of the 
lower pole vessels within a wrap of the anterior 
redundant pelvic wall without the need for vascular 
adventitial sutures. This technique has since been 
described in children as an alternative to open DP, 
with the largest series reported in 1999 by Pesce 

[5]. Aberrant vessels usually cause intermittent 
UPJO. These cases present a normal perinatal his-
tory, followed by the subsequent onset of clinical 
signs and symptoms, often influenced by the child’s 
hydration status, characterized by intermittent 
hydronephrosis on imaging and normal kidney 
function. The CV typically cross over the UPJ to 
perfuse the lower pole of the affected kidney. 
Currently, there are no definitive imaging tech-
niques or intraoperative procedures available to 
confirm the aetiology of UPJO.  As noted by 
Schneider [6], frequently one encounters anatomic 
variability in the relationship between the renal pel-
vis and the lower pole vessels. Some authors have 
proposed DP to exclude intrinsic associated anom-
alies; others, in order to minimize technical diffi-
culties and improve outcomes, have described 
simpler procedures that do not involve pyeloure-
teral anastomosis. We describe in this chapter the 
paediatric laparoscopic vascular hitch (LVH), a 
mini-invasive approach to UPJO by CV, suggesting 
a simple and uncomplicated intraoperative test, DT, 
to confirm the relief of the obstruction. This tech-
nique gives excellent results in our hands.

52.2  Preoperative Diagnosis 
and Preparation

A preoperative diagnosis of extrinsic UPJO was 
based on complete medical history and a spe-
cific imaging examination. All patients with 
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UPJO undergo, respectively, ultrasonography/
Doppler scan and MAG3renogram, reserving 
functional magnetic resonance urography 
(fMRU) in case of suspected extrinsic obstruc-
tion (Fig. 52.1a–c). Suspicion of CV was based 
on a normal perinatal history with absence/non-
significative renal pelvis dilation at prenatal 
ultrasound (as in our series), a late presentation 
with intermittent symptoms (vomiting, flank 
pain or renal colic), marked hydronephrosis at 
the time of pain with primarily extrarenal dilata-
tion and an obstructed pattern on a diuretic 
MAG3renogram. Surgical indications included 
two or more of the following conditions: pres-
ence of clinical symptoms, obstruction on 
diuretic renogram (99mTc- MAG3), decrease on 
relative renal function, clear or suspected image 
of polar vessels on fMRU and worsening of 
intermittent hydronephrosis on follow- up. The 
patients are hospitalized 24 h before surgery and 
started with liquid diet and bowel cleansing 
with laxative and enemas to obtain bowel defla-
tion and facilitate laparoscopic approach. All 
patients and their parents have to sign a specifi-
cally formulated informed consent before the 
procedure. Patients received a general anaesthe-
sia and antibiotic prophylaxis with i.v. amoxi-
cillin-clavulanic acid or cephalosporin.

52.3  Positioning

Considering the renal anatomy (aberrant polar 
vessel anteriorly to the renal pelvis), it is  
preferable a transperitoneal approach because 
this provides better anterior access to the renal 
pelvis and easier anterior CV hitching. In opera-
tory theatre, patient is placed in a semilateral 
position (45°) at the edge of the surgical table. A 
bladder catheter and nasogastric tube are posi-
tioned before starting the procedure. The monitor 
is placed behind the patient. Surgeon’s position is 
in front of the abdomen of the patient with the 
assistant on his left/right trying to obtain for the 
surgical team the best possible ergonomy for the 
shoulders. The scrub nurse is on the side of the 
surgeon (on the right) (Fig. 52.2a, b).

52.4  Instrumentation

After an umbilical open approach, a 5 or 10 mm 
optical port is inserted (according to weight and 
age of the patient), and then an optical laparo-
scope is introduced to explore the abdominal cav-
ity; usually a 30° scope is preferable to better 
visualize the different angulation of the operative 
field. Two other 3  mm working ports are then 

a b c

Fig. 52.1 (a, b) MRI showing the aberrant vessel crossing the right renal pelvis; (c), three-dimensional reconstruction
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placed, one in the epigastrium and one in the ipsi-
lateral iliac fossa at the midclavicular line, to 
allow an ideal triangulation during dissection of 
the CV and completion of the pelvic wrap. 
Sometimes could be useful to use a third 3 mm 
lateral operative port to move the colon or to sus-
pend the aberrant vessels. Pneumoperitoneum is 
induced by insufflating CO2 at the minimal pres-
sure to obtain an acceptable operative space 
(pressure varies from 5 to 10 mmHg).

52.5  Technique

The technique consisted in exposure of the 
lower aberrant CV via the transperitoneal 
approach without ipsilateral colon mobilization. 
This is usually obtained on the left side through 

a window in the mesocolon, while on the right 
side, by working just on the upper side of the 
colonic flexure that is freed (Fig.  52.3). Once 
the dilatation is identified and CV are visual-
ized, we proceed with their dissection and mobi-
lization off the UPJ or the proximal ureter. 
Diuretic test is then performed administering a 
bolus of normal saline (20  mL/kg IV) before 
complete vessel mobilization followed by furo-
semide (1 mg/kg IV) after complete mobiliza-
tion (Fig. 52.4a, b). Full mobility of the UPJ is 
confirmed by moving freely the upper and lower 
portions of the anterior pelvis wall just behind 
the CV as a shoeshine (shoeshine manoeuvre). 
The UPJ is then carefully inspected for any 
intrinsic visible stenosis (significant narrow-
ing). To be sure of a pure extrinsic obstruction, 
the CV must be temporarily transposed and the 
surgeon must observe the peristalsis associated 
with the easy urine passage across the junction 
and, finally, deflation of the pelvis. Once the test 
is successfully completed, the cranially dis-
placed lower pole CV are then positioned away 
from the UPJ by performing a loose wrap of the 
anterior pelvic wall around these vessels using 
3-4/0 polydioxanone or alternative polyglactin 
sutures (pyelo-pyelic sleeve). Two/three inter-
rupted sutures may be necessary to achieve an 
adequate tunnel within the anterior pelvic wall 
(Fig.  52.5a, b). One possible tip is to pass the 
first suture transparietally, stabilizing and fixing 
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Fig. 52.2 (a, b) Team position and trocars position

Fig. 52.3 Exposure of the right dilated pelvis, UPJ, ure-
ter and lower aberrant CV
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the vascular bundle into the pelvic tunnel to 
assist the remaining suture. At the end of the 
procedure is very important to check the floppi-
ness of the wrap and the absence of ischemia of 
the lower pole of the kidney. No double J stent 
or abdominal drain is required.

52.6  Postoperative Care

In the postoperative period, the patient can keep a 
normal decubitus.

A full oral feeding intake can start few hours 
after surgery. The analgesic requirement 
(paracetamol every 6–8 h) is generally limited to 
the first 24 postoperative hours. All patients are 
discharged on the second or maximum on the 
third postoperative day.

52.7  Results

Laparoscopic vascular relocation was feasible in 
all cases without open conversion. The median 
operative time was 95 min (range 45–125 min). 
The mean hospital stay was 3  days (range 
2–4 days).

All patients underwent intraoperative DT in 
the first stages of laparoscopy, which showed 
reduction of hydronephrosis after the complete 
mobilization of the vessels in 45 children. We 
did not report intraoperative neither postopera-
tive complications in our series of an 11-year 
period.

All patients had clinical evaluation and a 
renal US at 1–6 months, and diuretic renogram 
at 6  months following surgery. Follow-up 

a b

Fig. 52.5 (a) Wrap of the anterior pelvic wall around these vessels; (b) vascular hitch

a b

Fig. 52.4 (a) Pre-diuretic test; (b) post-diuretic test
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(range 12–132 months) showed complete reso-
lution of symptoms (pain, haematuria) and 
decrease in hydronephrosis grade. Although 
none of the children displayed significant 
improvement in relative renal function, all of 
them showed improved drainage on 99mTc-
MAG3 renogram and became unobstructed. 
One had recurrent symptoms of flank pain asso-
ciated with recurrent pelvic dilatation 
18  months after surgery. She underwent suc-
cessful laparoscopic-AHDP 2  years after the 
original LVH procedure.

52.8  Tips and Tricks

During laparoscopy, each case must be care-
fully evaluated regarding the presence and 
position of CV, appearance of the UPJ, ureter 
course and DT response of the dilated pelvis 
after vessel displacement. The main criteria to 
apply VH were the following: (I) hydronephro-
sis with the presence of obstructing lower pole 
CV, (II) normal UPJ on inspection and (III) DT 
response with emptying of the dilated pelvis 
after vessel displacement in order to confirm 
release of the obstruction and to exclude intrin-
sic UPJ anomalies. We divided our patients 
into two groups on the basis of anatomical 
relationships between CV, renal pelvis, UPJ 
and the ureter according to Schneider’s classi-
fication [6].

These are the AHDP group with the vessels 
placed in front of the UPJ which present a really 
intrinsic stenosis (Schneider’s second type) and 
the LVH group (45 patients), in which the vessels 
cross inferiorly the UPJ, resulting in variable ure-
teral kinking (defined as a ureteral curl or bend 
around the polar vessels similar to a swan neck 
ureter), observing intraoperatively peristalsis and 
demonstrating the absence of intrinsic UPJO 
(Schneider’s third type). In particular, the very 
low incidence of relapse suggests that intraopera-
tive DT must be done correctly in every suspected 
extrinsic UPJO (after CV transposition) to 
exclude associated intrinsic obstruction.

52.9  Discussion

Usually UPJO is caused by the presence of an 
aperistaltic dysplastic segment of the 
UPJ.  Besides this intrinsic aetiology, extrinsic 
factors, as aberrant lower pole CV, may be the 
causative factor. Although there are no studies to 
date, crossing the UPJ by an aberrant vessel may 
be the most common extrinsic cause of UPJO 
above all in older children. CV are thought to 
cause from 40% to over 50% of extrinsic UPJO 
in adults; they are more often ventrally located 
than dorsally to the UPJ. These CV are usually 
normal morphologic vessels of the lower pole 
segment, which can be divided into additional 
renal arteries arising from the aorta and acces-
sory renal segment, which can be divided into 
additional renal arteries arising from the aorta 
and accessory renal arteries arising from branches 
of the aorta. The controversy regarding the func-
tional significance of vessels crossing at the UPJ 
is not a new one, although the debate has been 
resurrected in recent years because of improved 
detection due to the advent of advanced imaging 
techniques such as CT scan and fMRU.

The CV incidence in the aetiology of UPJO in 
children has been reported to range from 11 to 
15% but was as high as 58% in a series of older 
children with symptomatic UPJO and a history of 
normal antenatal renal ultrasonography.

Open AHDP is the gold standard procedure to 
treat UPJO in children, but laparoscopic approach 
has shown similar outcomes. Laparoscopic 
pyeloureteral anastomosis in small children 
remains a challenging task, although robotic 
pyeloplasty in the last year has been felt to be 
technically easier. Although some authors have 
proposed AHDP to exclude intrinsic associated 
anomalies, an alternative approach to pure extrin-
sic UPJO is laparoscopic vascular transposition. 
In literature, there are few published series of 
laparoscopic relocation of lower pole CV in chil-
dren with extrinsic UPJO. The most recent series 
reported by Schneider [6] and Miranda [7] with a 
successful outcome in up to 95% [8] and by 
Chiarenza-Bleve, successful in 97% of patients, 
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provided a careful selection of candidates [9]. 
Meng and Stoller (in 2003) were the first authors 
reporting vascular relocation using the Hellström 
technique via laparoscopic approach. They 
reported this procedure in nine adults, with reso-
lution in all cases. These authors observed that 
the herniation and subsequent ureteral kinking 
were responsible for the obstruction and stated 
that changing the geometry may be enough to 
alleviate the obstacle [10]. Another important 
condition is the existence of several anatomic 
variations as studied by Sampaio [11]. These 
double vascular bundles form a vascular window 
and could facilitate a UPJ prolapse with increas-
ing obstruction. Vascular compression in these 
cases is not in the UPJ but in the proximal ureter. 
Therefore, the junction is certainly healthy, and 
correcting the herniation is all that is needed [6, 
8]. This observation is supported by histological 
analysis of the UPJ and CV. Normal muscle den-
sity was found and suggests an inherently differ-
ent UPJ configuration between intrinsic and 
extrinsic obstruction. Only patients with pure 
extrinsic UPJO can be treated with this proce-
dure, so any associated intrinsic UPJ abnormality 
must be ruled out. Some authors, as Janetschek, 
have recommended that the UPJ should always 
be explored by a longitudinal incision in order to 
rule out such associated intrinsic anomalies, 
which they report in up to 33% of their patients 
[12]. Some reports analysed the histology of 
resected UPJ tissue and have showed evidence of 
intrinsic fibrosis and inflammation in cases where 
CV was thought to be the aetiology of the obstruc-
tion. Lower pole vessels may predispose the UPJ 
to the narrowing that favours infection or inflam-
matory episodes or that causes tension and isch-
emia, thus resulting in fibrosis and stenosis of the 
urothelium. The presence of this UPJ fibrosis 
could be one cause of hypothetical failure of the 
VH procedure [6–13], even though there is no 
evidence to suggest that the fibrosis is progres-
sive. In addition, electron microscopy studies of 
extrinsically obstructed UPJ tissue demonstrate 
no significant structural changes in muscle or 
collagen content or in nerve distribution, immu-
nohistochemically, when compared to normal 
controls. Conversely, intrinsically obstructed  

tissue showed thinning of muscle fascicles with 
dense collagenous deposits when compared with 
controls. Careful selection of patients is essential 
to maintain a high success rate with LVH proce-
dure; it is based on three criteria: preoperative 
patient selection, accurate diagnostic studies and 
performance of intraoperative DT to confirm 
extrinsic obstruction. Preoperatory various imag-
ing modalities have been used, but none have an 
accuracy of 100% in the diagnosis of pure extrin-
sic UPJO by CV. Therefore, we believe that an 
accurate clinical history remains the basis for 
correct selection. No patients had history of pre-
natal hydronephrosis. They all presented with 
intermittent colicky flank pain, sometimes asso-
ciated with vomiting or haematuria. All showed 
marked hydronephrosis with a dilated pelvis but 
relatively mild calyceal dilatation when they 
were symptomatic that resolved shortly after they 
became asymptomatic. Godbole [13] reported 
success with a similar procedure in 12/13 patients 
with a median age of 10  years; Esposito C, 
Chiarenza S.F. and Bleve C. et al. were success-
ful in all 51 patients [14]. On our experience, we 
believe that a success rate >90% may be achieved 
with LVH procedure, but that close cooperation 
between surgeon and anaesthesiologists is 
required to perform the intraoperative diuretic 
test correctly. The saline bolus needs to be timed 
so that the renal pelvis is well dilated prior to ves-
sel dissection and mobilization, and with IV furo-
semide administration, the operator will observe 
rapid emptying of the bloated renal pelvis, fol-
lowed by normal ureteral peristalsis and urine 
passage. If UPJ has intrinsic abnormalities, pel-
vic dilatation remains even after furosemide 
administration. The test is crucial because it 
allows to discriminate a variability of cases that 
can occur, related to the location of the abnormal 
vessels and their relations with the ureter and 
UPJ, the size of the vessels, the presence of 
hydronephrosis with sufficient tissue to consent 
the VH (index of the presence of an obstruction), 
the size of the junction and the presence of ure-
teral peristalsis. Some authors have suggested the 
use of pelvic distension with saline by direct 
puncture of the pelvis or an intraoperative pelvic 
pressure measurement with laparoscopic visual-
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ization prior to ureteral dissection inserting per-
cutaneously into the renal pelvis a needle 
evaluating the ureteral opening pressure with a 
column device before and after the procedure 
was completed [6, 7]. One of the great advan-
tages of the LVH procedure is to preserve the 
UPJ integrity, eliminating the risk of leakage or 
urinoma and preserving the physiologic pyelo-
ureteral motility and ureteral peristalsis; in addi-
tion operative time is shorter. In several cases, it 
was possible to observe the pyeloureteral peri-
stalsis after the vessel mobilization. LVH is also 
particularly indicated and recommended in 
patients with symptomatic hydronephrosis due to 
CV in particular anatomic condition as horseshoe 
kidney. In these cases the UPJ anatomy is disad-
vantageous to a resection/re-anastomosis between 
the ureter and renal pelvis [15]. As for the techni-
cal point of view, in our mind laparoscopy is the 
procedure of choice to perform this procedure, 
but it is important that surgeons have a strong 
experience. We recommend careful patient selec-
tion based on preoperative clinical and radiologic 
findings that are diagnostic of extrinsic UPJO, 
combined with intraoperative DT, to confirm the 
appropriate selection of corrective procedure.
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Laparoscopic Approach to Urinary 
Stones

Lorenzo Masieri

53.1  Introduction

Pediatric urolithiasis is one of the important renal 
disorders encountered in clinical practice. It is 
uncommon in developed countries with a preva-
lence of 1–5% [1].

The management of urinary tract calculi has 
changed in the past two decades, mainly due to 
the improvement and efficacy of pediatric endou-
rology instruments and lithotripsy techniques. 
However, a substantial proportion of pediatric 
cases still need surgery. A surgical approach is 
required not only for failed endourologic or 
extracorporeal shock wave/percutaneous litho-
tripsy but also as a first choice in patients with 
anatomic considerations that preclude the use of 
these minimally invasive modalities. Classical 
open procedures such as pyelotomy, nephrotomy, 
and ureterotomy have been reported as reproduc-
ible by minimal access surgery [2].

We describe in this chapter the pediatric pure 
laparoscopic and laparoscopic robot-assisted 
approach to pediatric urolithiasis.

53.2  Preoperative Preparation

Patient selection: renal pelvic stones >1 cm diam-
eter and ureteric stones >1 cm diameter or smaller 
refractive to extracorporeal lithotripsy.

All patients’ parents have to sign a specifically 
formulated informed consent before the proce-
dure. Patients received a general anesthesia and 
antibiotic prophylaxis with i.v. cefalosporine.

53.3  Positioning

The patient is placed in a slight flank position 
with the ipsilateral side rotated approximately 
60° to the table. The ipsilateral arm is positioned 
near the head, and the patient was secured to the 
bed with two bands across chest and legs. The 
surgeon and the assistant are standing on the 
same side.

53.4  Instrumentation

In pure laparoscopic approach, we used 5  mm 
trocars, with a dedicated set of instruments as a 
monopolar scissor, a fenestrated atraumatic for-
ceps, a grasper ad a bipolar Maryland, and a 
5 mm 30° optical trocar.

Robotic approach allows easier maneuvering 
and better ergonomy for the surgeon. We used 
three-arm configuration system with the same 
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instruments used in laparoscopy and the same 
positioning of the patient. We used da Vinci Xi or 
Si robotic system with 8 mm trocars.

53.5  Technique

53.5.1  Pyelotomy Technique

The camera trocar is positioned trans- 
umbilically, and pneumoperitoneum is estab-
lished and maintained at 10 mmHg throughout 
the procedure.

After the abdomen is insufflated, two 5  mm 
ports are usually placed under vision in order to 
achieve an optimal triangulation of instruments at 
the anatomic target.

A third 5 mm port is usually placed at the level 
of the umbilicus in the posterior axillary line to 
aid in renal pelvis retraction. In case of Robotic 
assisted laparoscopic procedure we normally use 
three 8 mm trocars for the camera and the Two 
robotic arms and a 5 mm trocar for the assistant. 
Trocar positioning, after the umbilical access for 
the camera, can change according to the abdo-
men surface and patient’s age and has the aim to 
obtain the best triangolation and manueverability 
of robotic arms.

The line of Toldt is incised with electrocautery 
and the colon is reflected medially. The ureter is 
identified high in the retroperitoneum and fol-
lowed toward the pelvis.

The Gerota’s fascia is opened longitudinally, 
and the renal pelvis is freed from adjacent struc-
tures via blunt dissection.

The renal pelvis is incised along the major 
diameter of the stone (Fig.  53.1). A Maryland 
grasper is used to remove stones from the 
pelvis.

If the stones are too large for the port site, they 
are placed in a laparoscopic sac and removed via 
the umbilical port site by extending the umbilical 
incision (Fig. 53.2).

In case of multiple and small stones in a calyx, 
a flexible ureteroscopic or cystoscopic instru-
ment can be used to reach and remove them.

The pelvis is closed with a 6-0 poliglecaprone 
25 (Monocryl®) running suture cut to 12–15 cm 

in length and introduced through the 5 mm port 
(Fig.  53.3). The knots are tied intracorporeally 
and placed outside the lumen.

53.5.2  Ureterolithotomy Technique

After trocars positioning, the ureter is identified 
and isolated on a vessel loop. An atraumatic 
grasp is positioned proximal to the stone to avoid 
the slippage of the stone into the proximal dilated 
ureter. The ureter is incised longitudinally and 
the procedure is carried out as described for renal 
pyelotomy.

Fig. 53.1 The renal pelvis is incised along the major 
diameter of the stone

Fig. 53.2 The stone is extracted from the umbilicus 
using a laparoscopic bag
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We usually position a ureteral double J stent 
according to antegrade technique [3] introducing 
the wire and the stent through one of the 5 mm 
trocars or percutaneously.

A Penrose drain is left near to the anastomosis 
and brought out through the lower quadrant port. 
The abdominal cavity is inspected and the trocars 
are removed under direct vision.

We closed trocar sites at the fascial level 
except for the site where the Penrose drain exits. 
Trocar skin incisions were closed with a subcu-
ticular absorbable suture.

53.6  Postoperative Care

In the postoperative period, the patients can 
restart full oral feeding few hours after surgery. 
For the first 24–58 h e.v. antibiotic therapy and 
liquids are somministrated. Bladder catheter is 
usually removed in the first or second postoper-
ative day if the urine is clear and there is no 
fever.

The analgesic protocol (Paracetamol 15  mg/
kg every 6 h and Toradol 1 mg/kg) is generally 
limited to the first 24 postoperative hours. The 
bladder catheter is removed on postoperative day 
1 or 2. The day after the removal of the catheter, 
if no increase output was observed, the drain can 
be removed, and the child is discharged from the 
hospital.

The patients are recommended to rest at home 
for 3–4 days and to get adequate hydration and 
regular micturition.

The double J stent is removed under a brief 
general anesthesia 2 weeks after the operation by 
cystoscopy.

53.7  Results

A total of 11 procedures were performed: 8 pielo-
litothomy (3 robot-assisted, 5 pure laparoscopic) 
and 2 upper and 1 lower robot-assisted 
ureterotomy.

The average length of surgery is about 120 
(range 110–140) minutes for pure laparoscopic 
procedures and 70 (range 60–110) minutes for 
laparoscopic robot-assisted procedures. We did 
not report intraoperative neither postoperative 
complications in our series with a mean follow-
 up of 19 months (range 3–26 months).

Follow-up is carried out by renal ultrasonog-
raphy at 1 and 3 months after surgery.

53.8  Discussion

Pediatric urinary tract calculi, although rela-
tively uncommon in comparison to adult stone 
disease, pose a significant challenge in view of 
the smaller size of the urinary tract and a greater 
risk of stone recurrence, due to higher inci-
dence of metabolic causes and longer risk 
period, especially in the presence of residual 
calculi.

Despite the advances in stone treatment tech-
nology (SWL, PNL, and RIRS), data show an 
increased requirement for open procedures in 
pediatric urolithiasis (up to 17%) as compared to 
adults [4].

The reasons are due to lack of experience in 
younger patients and smaller size of ureter, fre-
quent anatomic abnormalities associated, higher 
rate of complications, and lack of suitable 
instrumentations.

Shock wave lithotripsy (SWL) is not so 
effective in stones greater than 1.5  cm and 
stones with cystine components. Performing 

Fig. 53.3 The pelvis is closed using a running suture
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PCNL in children is on debate regarding paren-
chymal damage and the associated effects on 
renal function, radiation exposure with fluoros-
copy, and the risks of major complications as 
sepsis and bleeding. Ureteroscopy is not consid-
ered a primary option for managing of upper 
tract stones in children due to concern for com-
plications as ureteral ischemia, perforation, 
stricture formation, and  development of vesico-
ureteral reflux as a result of dilatation of small 
caliber ureteral orifices [5].

Laparoscopy and robotic-assisted laparoscopy 
have been utilized successfully in adults for treat-
ment of calculi. Small series utilizing these tech-
niques in children have only recently been 
described and showed safe and effective alterna-
tive to open stone surgery [2, 6].

In our experience transperitoneal laparoscopic 
pielolitothomy or ureterotomy is safe and feasi-
ble in management of selected patients, espe-
cially when endoscopic treatment failed or is not 
possible. We believe that is feasible and it intro-
duces a novel approach for managing kidney 
stones in pediatric population. However, more 
future studies should be designed, especially in 
lower age range. In conclusion, to treat stones in 
children is crucial to have all the equipment avail-

able, to combine different approaches. Experience 
on adult patient is a key point to offer the best 
treatment to our patients. Pure laparoscopic or 
robot assisted approaches should be considered 
for large urinary tract stones.
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Vesicoureteric Reflux (VUR): 
Laparoscopic Lich-Gregoir Repair

Aurélien Scalabre, Sophie Vermersch, 
and François Varlet

54.1  Introduction

Vesicoureteric reflux (VUR) is defined as a per-
manent or intermittent intrusion of bladder urine 
into the upper urinary tract due to a defective ure-
terovesical junction. The pathophysiology of 
VUR remains unclear, but there is a general con-
sensus that intrarenal reflux of infected urine can 
cause renal damage (reflux nephropathy). VUR 
can be the result of a morphological abnormality 
at the level of the vesicoureteric junction (pri-
mary malformative VUR) or secondary to lower 
urinary tract dysfunction. Primary malformative 
VUR can be diagnosed prenatally when associ-
ated with urinary tract dilatation. It is more fre-
quent in boys, and the regression rate is low. 
VUR secondary to lower urinary tract dysfunc-
tion is more common. It usually occurs in girls 
with poor bladder and bowel function. Its resolu-
tion rate is high with education regarding good 
micturition and medical treatment against consti-
pation. There is currently no consensus regarding 
indications for surgery in children with VUR [1, 
2]. However, decreasing renal function on iso-
tope studies and repeated pyelonephritis despite 
sufficient hydration, voiding micturition educa-

tion and antibioprophylaxis are strong arguments 
for surgical treatment.

Different techniques are available for the sur-
gical treatment of VUR.  The Cohen technique 
described in 1969 is often considered the gold 
standard [3]. Minimally invasive surgery tech-
niques were recently developed in order to reduce 
postoperative pain, avoid postoperative haematu-
ria and shorten hospitalization. They include 
endoscopic treatment, pneumovesicoscopic 
reimplantation and laparoscopic reimplantation.

The Lich-Gregoir technique is an extravesical 
ureteral reimplantation described by Lich et al. in 
1962 and Gregoir and Van Regemorter in 1964 
[4, 5], more recently adapted for laparoscopic 
approach [6]. This technique is often used for 
unilateral reflux, but concerns regarding the risk 
of postoperative urinary retention have limited its 
indications for bilateral cases [7]. Nevertheless, 
bilateral reimplantation is possible as laparos-
copy allows an easy approach to the posterior 
bladder wall with a limited dissection sparing 
bladder innervation [8, 9].

54.2  Preoperative Preparation

Renal isotope study, ultrasonographic scanning 
and micturating cystography are realized before 
treatment. Micturating cystography is the standard 
method to identify and grade VUR in children with 
recurrent febrile urinary tract infections. Indications 
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for surgery are discussed upon the results of a renal 
ultrasonography and isotope studies. The different 
techniques available for the treatment of VUR and 
their potential complications are explained to the 
patients and their parents before surgery. A bacte-
riologic urine exam is performed a few days before 
surgery to ensure that urine is sterile.

54.3  Anaesthesia

General endotracheal anaesthesia is comple-
mented by caudal anaesthesia. A broad-spectrum 
antibiotic is routinely administered intravenously 
on induction of general anaesthesia.

54.4  Initial Cystoscopy

A cystoscopy may be performed initially if bladder 
control is required, especially in children with a 
duplex system, to assess the location of the ureteral 
orifices and to check the anatomy. In children with 
asymmetric bilateral VUR, endoscopic treatment of 
a contralateral low-grade reflux can be performed 
before the unilateral Lich-Gregoir procedure.

54.5  Positioning

The patient is placed in a supine position with the 
arms lying along the body (Fig. 54.1). The sur-

geon stands at the head of the patient, and the 
assistant and the nurse on one side, usually oppo-
site to the refluxing ureter (Fig. 54.2). The video 
column is placed at the feet of the patient 
(Fig. 54.3). When the child is too tall, the surgeon 

Fig. 54.1 Positioning of the patient and video column

Fig. 54.2 Team position. The head of the patient is close 
from the edge of the table

Fig. 54.3 The video column is placed at the feet of the 
patient. The surgeon, the telescope, the bladder and the 
monitor form a straight line
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must stand laterally, on the right side for the left 
ureter and on the left side for the right ureter.

54.6  Instrumentation

After preparation of the abdominal wall, a blad-
der catheter is placed. It must be accessible dur-
ing the procedure. A 5  mm 30° telescope and 
3 mm instruments are used: blunt graspers, bipo-
lar forceps, hook, needle holder and scissors.

54.7  Technique

A transperitoneal approach is used. A 5 mm port 
is inserted through a lateral or trans-umbilical 
incision under vision to avoid visceral damage. 
Two 3  mm trocars are inserted in the left and 
right flanks under direct vision. They are inserted 
at the umbilicus level in children before 2 years 
old and lower in older children.

54.7.1  Ureteral Dissection

The ureter is easily identified where it crosses the 
external iliac vessels. The peritoneum is opened 
down to the ureterovesical junction (Fig. 54.4(1)). 
To avoid excessive handling of the ureter, a large 
surgical loop is wrapped around it and used for 
manipulation (Fig. 54.5). In boys, the vas defer-
ens is teased away from the ureter. In girls, the 
mesosalpinx is opened, and the ureter is pulled 
up between the bladder and the mesosalpinx. The 

ureter is mobilized to achieve sufficient freedom 
for a tension-free reimplantation. Dissection and 
coagulation must be minimal around the lower 
ureter to avoid bladder nerve damage, especially 
during bilateral procedures.

The bladder dome is suspended to the anterior 
abdominal wall with a transparietal stay suture in 
order to expose the posterior bladder wall and the 
ureterovesical junction (Fig. 54.4(2)).

54.7.2  Detrusorotomy and Exposure 
of the Bladder Mucosa

The bladder is filled with 50–100  mL saline 
serum. The direction and length of the muscular 
trench are outlined with the monopolar coagula-
tion following Paquin’s rule: the length of the 
submucosal tunnel should be at least five times 
the ureteric diameter.

Fig. 54.4 (1) Opening of the peritoneum. (2) Detrusorotomy. (3) Detrusororrhaphy. (4) Finished reimplantation

Fig. 54.5 The ureter is manipulated using a large surgi-
cal loop wrapped around it
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A second transparietal suspension is placed at 
the tip of the incision. The muscular fibres are 
coagulated and divided with scissors or monopo-
lar hook to reach the bladder mucosa (Fig. 54.6). 
The trench is ended at the level of the terminal 
part of the ureter. In case of mucosal tear, the 
mucosa around the breach can be grasped and 
closed by an endoloop. If the tear is too large, the 
bladder should be emptied, and the mucosa can 
be closed by a running suture.

54.7.3  Detrusororrhaphy

The ureter is laid between the two edges of the 
muscular trench and kept in this position with a 
third transparietal stay suture through the surgi-
cal loop used for mobilization of the ureter 

(Figs. 54.4(3) and 54.7). In case of ureteral dupli-
cation, both ureters are dissected and laid into the 
trench together.

The detrusor is then reapproximated over the 
ureter with four to five stitches of 3/0 or 4/0 
sutures, either absorbable or not.

We usually start by the lower stitch. Special 
attention should be given to avoid narrowing the 
entry of the ureter into the trench. When all 
stitches are done, the transperitoneal suspensions 
are removed. The new ureteral entry in the blad-
der must be large enough to avoid ureteral 
obstruction (Fig.  54.4(4)). In case of excessive 
tension, the ureter is released proximally 
(Fig. 54.8).

54.7.4  Closure

Drainage is not mandatory. The trocars are 
removed, their orifices are stitched and the blad-
der catheter is removed. It is possible to leave 
100–150  mL of saline serum in the bladder to 
allow a quick postoperative micturition before 
discharge in an outpatient setting.

54.7.5  Bilateral Reimplantation

The same procedure can be done on both sides 
with the same approach, with special attention to 
avoid excessive coagulation during dissection of 
the distal parts of the ureters (Fig. 54.9).

Mucosa

Detrusor

Fig. 54.6 Detrusorotomy

Detrusor
edge 

Detrusor
edge 

Mucosa

Fig. 54.7 The ureter is placed in position along the mus-
cular trench

Fig. 54.8 Finished reimplantation
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54.7.6  Postoperative Care

Unilateral reimplantation following this tech-
nique can be performed as day case, the patient 
being discharged after complete micturition. 
Only standard painkillers are needed. For bilat-
eral reimplantations, we prefer to keep the patient 
hospitalized until the next day, as the risk of uri-
nary retention is higher. The child is kept off 
school for 8 days with no sport for 1 month. An 
ultrasound scan is performed 1  month later. As 
for open surgery, micturating cystography is not 
routinely performed [10].

54.8  Results

We operated on 117 children (159 renal units) 
with this technique over the past 9 years. We per-
formed 49 bilateral and 61 unilateral reimplanta-
tions. Fifteen patients had contralateral 
endoscopic sub-ureteral injection during the 
same procedure. Eight patients had Hutch diver-
ticulum treated by doing a precautionary suture 
in the lower part of the bladder channel. Twenty- 
eight patients had VUR in the lower pole of a 
duplicated collecting system (DCS) including 5 
bilateral VUR.  The mean operative time was 
96 min (±37.7 min) for unilateral reimplantation 
and 128 min (±46.1 min) for bilateral reimplanta-
tion. One-third of these procedures were per-

formed by a resident or a registrar under 
supervision of an experienced surgeon.

In five cases, a mucosal perforation occurred 
during the detrusorotomy, treated immediately 
by an endoloop repair.

The mean hospital stay was 25.3 h (±6.3 h).
Two temporary urinary retentions occurred 

after bilateral reimplantation. A suprapubic cath-
eter was placed under general anaesthesia and 
removed 10 days later with uneventful recovery. 
At the beginning of our experience, two patients 
needed reintervention for an uretero-peritoneal 
fistula 7 and 15  days after surgery. One was 
treated by Cohen procedure and one by ureteral 
suturing and insertion of a JJ stent.

We observed two VUR recurrences. They 
were both revealed by pyelonephritis recurrence 
and confirmed by VCUG. The resolution rate, in 
terms of no further febrile urinary tract infection, 
accounted for 98.3% (115/117 patients).

54.9  Tips and Tricks

The two ureteral perforations at the beginning of 
our experience made us slightly modify the surgi-
cal technique. We reviewed the surgery videos 
but did not find the traumatic cause for these per-
forations. We assume that possible causes were 
ischemia caused by excessive handling of the 
ureter, a burn with the monopolar hook dissection 
or an excessive closing of the detrusor trench. To 
avoid this complication, we opted to wrap a large 
surgical loop around the ureter for its manipula-
tion and to limit the amount and duration of cau-
tery. No more ureteral perforation occurred since 
we made this modification.

Suspension of the bladder by transparietal 
stay suture is a good way to obtain correct expo-
sition without adding unnecessary trocars, and 
we regularly use this technique for other surger-
ies. Sometimes a second transparietal suspension 
allows a better exposure of the posterior wall of 
the bladder. We usually use a 24 or 26 mm needle 
that we straighten to easily go through the ante-
rior abdominal wall.

To prevent postoperative urinary retention, the 
surgeon must be really careful not to use exten-

Fig. 54.9 Finished bilateral reimplantation in a girl
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sive monopolar cautery, especially on the lower 
part of the bladder wall.

In case of mucosal perforation, the mucosa 
can be closed immediately by grasping the whole 
tear and closing it with an endoloop.

It is also important to check that the final 
trench is not too obstructive after reimplantation. 
If the tunnel seems too tight, the closer stitch to 
the new ureteral entry must be removed.

All our laparoscopic interventions are video- 
recorded, which help in sharing our experience 
and techniques with students, residents and col-
leagues. We also review and criticize our proce-
dures afterwards to improve our technique when 
we front complications.

54.10  Discussion

VUR management is controversial. There is no 
strong consensus about prophylactic antibiotic 
treatment, operative indications, age of surgery 
or follow-up management [1]. According to rec-
ommendations from the European Association of 
Urology and the American Urological 
Association, we decided to operate on children 
with VUR grade III or more, with renal dysfunc-
tion (DMSA  <  40%) or renal scarring demon-
strated on isotope renography, and children 
developing recurrent pyelonephritis despite opti-
mal medical treatment.

The goal of any anti-reflux procedure is to 
restore anti-reflux mechanism of the ureterovesi-
cal junction. Open ureterovesical reimplantation 
by Cohen’s procedure is often considered to be 
the gold standard for ureteral reimplantation, 
with a success rate over 98% [11]. However, the 
Lich-Gregoir technique is also associated with a 
high success rate with some advantages includ-
ing lower pain, shorter recovery and hospital stay, 
with excellent cosmetic results [2, 8, 9, 12]. This 
technique avoids postoperative bladder spasms 
and adverse effects of bladder opening like hae-
maturia. Furthermore, the ureteral meatus is still 
in its initial position, allowing easier endourol-
ogy in the future if necessary.

The main issue with this approach is the 
8–15% reported incidence of urinary retention 

after bilateral extravesical reimplantation by 
open approach [7]. This might be a result of neu-
rovascular injury during wound handling and 
ureteral and bladder dissection. A nerve-sparing 
technique proposed by David in 2004 allows to 
reduce this complication (2% of transitory blad-
der retention) [6]. In 2012, Bayne et al. reported 
a cohort of patients undergoing extravesical ure-
teral reimplantation by laparoscopy with the 
Lich-Gregoir technique with a 6.5% incidence of 
urinary retention after bilateral reimplantation 
[13]. In our experience only two patients pre-
sented with a transitory bladder emptying diffi-
culty after a bilateral reimplantation. Lateral 
dissection of the ureter and bladder should be 
limited to avoid damage to pelvic nerves [14], 
and we recommend a gentle and soft tissue dis-
section around the lower ureteral part with no 
extensive coagulation. In our opinion, no bladder 
catheter is needed during the postoperative 
period. In addition, faster recovery compared to 
open surgery allows discharge a few hours after 
surgery [8, 9, 15].

One of the most common operative complica-
tions in laparoscopic extravesical ureteral reim-
plantation is ureteral injury or obstruction 
(ischemia) owing to excessive handling of the 
ureter or excessive closure of the trench [16]. 
Lakshmanan and Kasturi in 2000 and 2012, 
respectively, reported 6.3% (3/47) and 0.6% 
(1/150) intra-abdominal urinary leak requiring 
drainage and bilateral pigtail stents for 2 months 
[17, 18]. Bayne et al. observed a 2.04% rate of 
ureteral leakage [13], and Esposito et al. showed 
a 1.33% of the same complication in open Cohen 
procedures [11]. We recommend a limited use of 
the monopolar coagulation and handling of the 
ureter by a surgical loop to avoid this complica-
tion. After more than 100 cases treated using a 
surgical loop, no more ureteral perforation 
occurred.

The results of laparoscopic Lich-Gregoir 
reimplantation are comparable with pneumovesi-
coscopic reimplantation [19, 20]. However, it is 
technically challenging to obtain a correct pneu-
movesicum with bladder sealing at the start of the 
procedure. Moreover, pneumovesicoscopic reim-
plantation requires postoperative drainage. On 
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the other hand, the pneumovesicoscopic approach 
allows treatment of ureteroceles and Hutch diver-
ticula, whereas only small diverticula can be 
treated by laparoscopy.

The open Lich-Gregoir technique for unilat-
eral VUR is also done with good results as an 
outpatient procedure [12, 15]. Advantages of 
laparoscopy over open surgery in this context are 
a better bladder wall exposition and less scaring.

54.11  Conclusion

Laparoscopic extravesical ureteral reimplanta-
tion with the Lich-Gregoir technique is a safe and 
effective procedure for the treatment of VUR in 
children. Its results are comparable to open pro-
cedures. The technique results in reduced hospi-
tal stay and recovery period. It can be applied to 
unilateral VUR, bilateral VUR and duplex sys-
tem. With cautious dissection, the risk of urinary 
retention following this procedure is low.
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Vesicoureteral Reflux (VUR): 
Endoscopic Treatment
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and Atsuyuki Yamataka

55.1  Introduction

Vesicoureteral reflux (VUR) is one of the most 
common urologic morbidities in children, with 
an estimated prevalence of approximately 1% of 
the general pediatric population, but which can 
be as high as 30% in children with a history of 
febrile urinary tract infection (UTI) [1, 2]. The 
goals of treating a child with VUR are (1) to pre-
vent recurring febrile UTI, (2) to prevent renal 
damage, and (3) to minimize/prevent adverse 
effects of treatment [3].

Management regimes incorporate a spectrum 
of philosophies and modalities ranging from 
observation with or without continuous antibiotic 
prophylaxis to active surgical intervention [3]. 
Essentially, the optimal treatment for VUR has 
yet to be established. Whether surgical interven-
tion is indicated for treating children with persis-
tent reflux, renal scarring, or recurrent febrile UTI 
is currently controversial because of the major 
change in treating VUR that followed Puri’s first 
clinical report about an endoscopic procedure 
they called the STING method published in 1984 
[4]. Since then, the STING method has been mod-

ified to improve VUR cure rates, for example, by 
introducing the hydrodistention implantation 
technique (HIT) [5] and double HIT [6].

Several tissue-augmenting substances have 
been used for subureteral injection, such as 
polytetrafluoroethylene, collagen, silicone, autol-
ogous chondrocytes, and Deflux® [7], followed 
by a succession of new substances; for example, 
in 2010, the preliminary results of a prospective 
multicenter study of a new substance “polyacry-
late polyalcohol copolymer (PPC/Vantris®)” was 
published [8]. While Deflux® is still the most 
widely used bulking agent [9], recently, Deflux® 
treatment (DT) has been implicated as a potential 
cause of ureteral obstruction (UB).

Here, we describe a simple noninvasive tech-
nique we pioneered to identify post-DT UB and 
patients at risk for UB, especially late-onset UB.

55.2  Preoperative Preparation 
and Positioning

General anesthesia is induced and the trachea 
intubated. No other anesthesia is required. The 
patient is placed in the lithotomy position, pre-
pared and draped, and single dose of an antibiotic 
is administered intravenously. Figure 55.1 shows 
the standard layout for left DT.  The operating 
surgeon will stand on the patient’s right side for 
left DT cases and between the patient’s legs for 
right and bilateral DT cases.
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55.3  Technique

We routinely use an 8.0 or 9.5 Fr pediatric cysto-
scope (Karl Storz, Inc., Tuttlingen, Germany) 
with an offset lens for injecting Deflux® because 
the offset lens permits direct passage of a 3.7 Fr 
needle in line with the ureter without needing to 
bend the Deflux® needle. After the bladder is 
filled to three quarter volume to permit visualiza-
tion of the ureteric orifice, we insert a soft-tip epi-
dural anesthesia catheter (20 gauge, Perifix®) 
(B. Braun, Melsungen AG, Germany) through a 
side channel of the cystoscope. Once the epidural 
catheter is inserted into the ureter, the cystoscope 
is withdrawn leaving the epidural catheter in the 
ureter and the urethra (Fig. 55.2). The cystoscope 
is then carefully reinserted into the urethra with 
the epidural catheter in situ, and a needle is 
inserted through the side channel of the cysto-
scope. After confirmation that the Deflux® needle 
is in the desired position, Deflux® is injected sub-
mucosally according to the original technique 
reported by O’Donnell [4]. Immediately after 
this, 1–3 mL of 20% indigo carmine solution is 
injected through the epidural catheter, and after 
observation to confirm dye flow from the treated 
ureteric orifice into the bladder, the epidural cath-
eter is removed (Fig. 55.3).

In cases where no dye flow is observed after a 
minimum of 15  min, the epidural catheter is 
clamped but not removed because the patient is at 
risk for UB, and the patient is transferred back to 
the ward with the epidural catheter in situ. The 
epidural catheter is left overnight during which 
time dye may appear in the urine. If dye is 
observed the next day, the patient may be dis-
charged, but if no dye is observed, an ultrasono-
graphic (US) examination is performed to 
examine for significant hydronephrosis which we 
consider as pathognomic of UB. If there are no 
signs of UB on US, the epidural catheter is 
removed in the ward the next day. Renal and 
bladder US are planned for 3 weeks later at out-
patient clinic follow-up.

55.4  Routine Postoperative Care

All patients are commenced on prophylactic anti-
biotics postoperatively which are discontinued 
after VUR is confirmed to be absent or down-
graded to grade I (both of which we regard as 
being “cure” of VUR) on voiding cystourethrog-
raphy performed routinely 1  month after 
DT.  Routine outpatient visits for assessing  
blood biochemistry and urinalysis and renal and 

Scrub nurse

Instrument table

M
onitor

Surgeon
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Fig. 55.1 Diagram of standard operating room layout. 
Figure shows the standard operating room layout for left 
DT. The operating surgeon will stand on the right side for 
left DT, and on the left side for right DT, and between the 
patient’s legs for bilateral cases. The surgeon’s direction 
of view and the orientation of the cystoscope are the same

Soft-tip epidural anesthesia
catheter
(20 gauge, Perifix®)  

Deflux

Fig. 55.2 Diagram of our epidural catheter technique. 
Our technique involves inserting an epidural catheter into 
the ureter on the Deflux®-treated side and injecting indigo 
carmine solution
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bladder US are planned for 2 weeks and 3, 6, 12, 
and 24 months after DT to identify complications 
and late-onset UB.

55.5  Results

We treated 224 ureters with grades II to V VUR 
in 153 patients using our epidural catheter tech-
nique between 2011 and 2018. Of these, 92 were 
male and 61 were female; mean age at first DT is 
4.4 years (range, 0.7–29.8). VUR severity in our 
series of 224 ureters was grade II in 38 (17.0%), 
grade III in 77 (34.4%), grade IV in 88 (39.3%), 
and grade V in 21 (9.4%). Mean operative time 
was 29.5  min (range, 9–45). Mean duration of 
postoperative follow-up was 4.1  years (range, 
0.7–6.9).

The overall “cure” rate after the first DT was 
57.6%, 79.9% after the second DT, and 82.6% 
after the third DT (Table 55.1a). The “cure” rate 
after the first DT for VUR grade II was 65.8%, 
63.6% for grade III, 52.3% for grade IV, and 
42.9% for grade V.  The overall “cure” by the 
third DT for preoperative VUR grade II was 
89.5%, 80.5% for grade III, 86.4% for grade IV, 
and 61.9% for grade V (Table 55.1b). The mean 
number of DT required to “cure” grade II was 
1.13 times, 1.04 times for grade III, 1.19 times 
for grade IV, and 0.81 times for grade V.

Of the 224 ureters treated in this series, there 
were 6 (2.7%) with no dye flow after observing 
for 15  min. All were treated according to the 
protocol mentioned earlier (leaving the epidural 
catheter in situ overnight, reassessment for dye 
flow the next day, assessment for UB by US, 

a b

c

Fig. 55.3 Our epidural catheter technique being per-
formed. Our epidural catheter technique. An epidural 
catheter is inserted into the ureter (a), then the Deflux® 

needle is inserted at the 6 o’clock position and Deflux® is 
injected (b). There is flow of dye from the treated ureteric 
orifice into the bladder (c)

55 Vesicoureteral Reflux (VUR): Endoscopic Treatment



404

repeat US at outpatient follow-up 3 weeks after 
DT). Of the six, two required surgical interven-
tion. One case was a 10-year-old male whose 
epidural catheter was left in situ because there 
was no dye flow after 15  min of observation; 
however, when the epidural catheter was 
clamped, he developed flank pain and signifi-
cant hydronephrosis was identified on US the 
next day, requiring insertion of a double J stent 
with complete resolution of pain and hydrone-
phrosis. The stent was removed after 1 month. 
He has been pain- free with stable US findings 
since. The other case was a 1-year-old male in 
whom the epidural catheter was removed before 
confirming dye flow and required insertion of a 
double J stent because of gross hydronephrosis 
caused by Deflux® (Fig. 55.4). The stent is cur-
rently still in situ.

55.6  Discussion

Endoscopic treatment is now well accepted for 
treating VUR.  The majority of parents clearly 
prefer endoscopic treatment over open surgery, 

and a growing number are likely to prefer it over 
chronic antibiotic prophylaxis [5]. Thus, the 
demand for DT is likely to increase, and the pre-
vention of complications becomes a major issue.

While endoscopic treatment of VUR is a highly 
successful minimally invasive procedure with low 
rates of reported complications requiring surgical 
intervention, of the order of less than 1% [10], a 
recent study reported UB rates ranging from 0.7 to 
7.6% [11], suggesting that identification of patients 
at risk for UB may be beneficial. A recently pub-
lished report about late- onset UB, defined as newly 
developed or progressive hydronephrosis 8 weeks 
or more after Deflux® or Vantris® injection, found 
the rate of late UB after Deflux® or Vantris® injec-
tion was 1.9% and the mean time for onset of late 
UB was 13.4 months [12].

To date, we have not had any late-onset UB 
develop even though our mean follow-up 
(4.1 years) is longer than the mean time for late- 
onset UB to develop reported recently (1.1 years) 
[12]. We believe our catheter technique effec-
tively identifies patients at risk for UB, both 

Table 55.1 Resolution of vesicoureteral reflux (VUR) 
per ureter after Deflux® treatment (DT) in our series

(a) “Cure” rates versus number of Deflux treatments 
(DT)

After first 
DT

After second 
DT

After third 
DT

Overall 
“cure” rate

129/224 
(57.6%)

179/224
(79.9%)

185/224
(82.6%)

(b) “Cure” rates versus grade of vesicoureteric reflux. 
DT Deflux treatment

VUR 
grade

After 
first DT

After 
second DT

After 
third DT

Overall 
“cure” 
rate after 
3 DT

II 25/38
(65.8%)

25 + 9/38
(89.5%)

34 + 0/38
(89.5%)

34/38
(89.5%)

III 49/77
(63.6%)

49 + 8/77
(74.0%)

57 + 5/77
(80.5%)

62/77
(80.5%)

IV 46/88
(52.3%)

46 + 29/88
(85.2%)

75 + 1/88
(86.4%)

76/88
(86.4%)

V 9/21
(42.9%)

9 + 4/21
(61.9%)

13 + 0/21
(61.9%)

13/21
(61.9%)

“Cure” of VUR was defined as absence or downgrading to 
grade I on voiding cystourethrography

Fig. 55.4 Magnetic resonance urography appearance of 
ureteric obstruction after Deflux®. MR urography appear-
ance of ureteric obstruction after Deflux® treatment with-
out confirming passage of dye
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acute and late onset. If dye flow is delayed or 
absent, additional follow-up is enforced accord-
ing to our protocol with early surgical interven-
tion as required.
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56.1  Introduction

Vesicoureteral reflux (VUR) is one of the most 
important diseases in paediatric urology.

Most of the patients with VUR initially 
undergo conservative treatment options; however 
in patients with recurrent febrile infections 
despite antibiotic prophylaxis, surgical treatment 
should be warranted [1].

Interventional treatment modalities include 
endoscopic and open surgical correction tech-
niques. Subureteric material injections have 
advantages of being minimally invasive and 
repeatable with reproducible results. However, 
the success rates with single injection are still far 
away from the open procedures, and the results 
become better with repeated injections. Several 
open techniques (with intravesical or extravesical 
approaches) have been described with universally 
high results, but these good results are obtained in 
consideration of an incision of the abdominal wall 
causing postoperative pain, bladder spasms, lon-
ger urinary diversion and prolonged hospital stay.

With the advances of laparoscopy in children 
for surgical correction of VUR, there was a decreas-
ing of postoperative pain, a shortening of postop-
erative hospitalization and better cosmesis [2].

As for the open technique, the laparoscopic 
technique consists of two types of surgical 
approaches: laparoscopic extravesical transperi-
toneal approach (LETA) and laparoscopic intra-
vesical technique or pneumovesicoscopic repair 
that require the creation of a pneumovesicum.

The goal of pneumovesicoscopy, also called 
pneumovesicum technique or transvesicoscopic 
access, is to reduce the morbidity associated with 
the classical abdominal and bladder wall incision 
while maintaining the same good results achieved 
by open surgery.

Initially, operative pneumovesicoscopy was 
performed to correct vesicoureteral reflux; how-
ever this technique is evolving and its application 
is gradually widening to other diseases like 
obstructive megaureter, ureterocele, bladder 
diverticulum, bladder lithiasis, incontinence 
(bladder neck surgery), etc.

The aim of this chapter is to describe the pneu-
movesicoscopic repair technique of VUR in pae-
diatric patients.

56.2  Preoperative Preparation

The parents give their informed consent to the 
procedure. Children are prepared for surgery as 

J. S. Valla 
Pediatric Surgery Unit, CHU Lenval,  
Nice, France 

A. Roberti · M. Escolino · C. Esposito (*) 
Pediatric Surgery Unit, Department of Translational 
Medical Sciences (DISMET), University of Naples 
“Federico II”, Naples, Italy
e-mail: maria.escolino@unina.it; ciroespo@unina.it

56

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-00964-9_56&domain=pdf
mailto:maria.escolino@unina.it
mailto:ciroespo@unina.it


408

usual with or without bowel preparation, as the 
surgeon prefers.

A standard anaesthesia protocol is used after a 
premedication with midazolam: all children were 
mechanically ventilated after insertion of an 
appropriately sized endotracheal tube. Nitrous 
oxide is generally contraindicated to reduce 
bowel distension; a nasogastric tube is introduced 
for the same purpose.

Preoperative antibiotic dose is given accord-
ing to the aetiology of urinary infections.

An intraoperative monitoring is performed 
with a pulse oximeter, non-invasive blood pres-
sure monitor and an electrocardiogram; end-tidal 
carbon dioxide (ETCO2) was monitored through 
a capnogram.

56.3  Positioning

The patient is positioned supine with the legs 
separated apart for cystoscopy and bladder cath-
eterization intraoperatively to create a working 
space for the pneumovesicum repair.

For small infants, the surgeon can stand and 
operate over the patient’s head, whereas for older 
children, the surgeon usually stands on the 
patient’s left side. The video column is placed 
between the patient’s legs at the end of the table.

56.4  Instrumentation

To perform the pneumovesicoscopy is 
necessary:

 1. Through the urethral catheter to insufflate the 
bladder with a gas (carbon dioxide) that allows 
to create a working space equal to the bladder 
capacity and to provide a clear intravesical 
vision, much better than the vision in a liquid- 
filled bladder.

 2. To introduce in this distended natural cavity 
through suprapubic ports three trocars 
(3–5  mm), one median for the telescope and 
two lateral for operative instruments (hook elec-
trocautery, diathermy hook, blunt grasper, 
endoscopic scissor); such a set-up provides ‘a 

familiar forward intravesical view towards the 
trigone and the ureteric orifices that is similar to 
that obtained with an open bladder incision’ [3].

56.5  Technique

The port placement is preceded by transurethral 
cystoscopy to allow placement of the first camera 
port under cystoscopic guidance. The bladder is 
first distended with saline and a 2-0 monofila-
ment traction suture is passed percutaneously at 
the bladder dome under cystoscopic vision, 
through both the abdominal and bladder walls. 
This helps to keep the bladder wall from falling 
away when the first camera port site incision is 
made and during insertion of the cannula. A 
5-mm Step port is then inserted under cysto-
scopic vision. A urethral catheter is then inserted 
to drain the bladder and start carbon dioxide 
insufflation to 10–12 mmHg pressure. The ure-
thral catheter is used to occlude the internal ure-
thral meatus to secure CO2 pneumovesicum, and 
it could also serve as an additional suction irriga-
tion device during subsequent dissection and ure-
teric reimplantation [4]. A 5-mm 30-degree scope 
is used to provide intravesical vision. Two more 
3–5 mm working ports are then inserted along the 
interspinous skin crease on either side of the 
lower lateral wall of the distended bladder under 
vesicoscopic guidance. A 3–4 cm long segment 
of an Fr 4 or 6 catheter is then inserted into the 
respective ureter as a stent to facilitate subse-
quent ureteral mobilization and dissection and 
secured with a 4-0 monofilament suture. 
Intravesical mobilization of the ureter, dissection 
of submucosal tunnel and a Cohen’s type of ure-
teral reimplantation are then performed under 
endoscopic guidance, in a similar manner to the 
open procedure.

The ureter is mobilized by first circumscribing 
it around the ureteral orifice using hook electro-
cautery. With traction on the ureteric stent using a 
blunt grasper, the fibrovascular tissue surround-
ing the lower ureter can be seen and divided using 
fine 3-mm endoscopic scissors and diathermy 
hook, while preserving the main ureteric blood 
supply. Mobilization of the ureter is continued 
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for 2.5–3 cm to the extravesical space (Figs. 56.1, 
56.2, 56.3, 56.4, and 56.5).

Once adequate ureteral length is obtained, the 
muscular defect in the ureteral hiatus is repaired 
using 5-0 absorbable sutures, usually with an 
extracorporeal knot-tying technique. A submuco-
sal tunnel is then created as in an open Cohen’s 
procedure. Using a diathermy hook, a small inci-
sion is made over the future site of the new ureteral 
orifice, usually chosen to be just above the contra-

lateral ureteral orifice. Dissection of the submuco-
sal tunnel is then started from the medial aspect of 
the ipsilateral ureteral hiatus towards the new ure-
teral orifice, using a combination of endoscopic 
scissor dissection and diathermy hook for haemo-
stasis. Once the submucosal tunnel dissection is 
completed, a fine grasper is passed and the mobi-
lized ureter is gently drawn through the tunnel. 
Ureteroneocystostomy is performed under endo-
scopic guidance with intracorporeal suturing using 

Fig. 56.1 First camera port site incision (A) and two 
more working ports (B-B)

Fig. 56.2 A 3–4 cm long segment of an Fr 4 or 5 catheter 
is inserted into the ureter as a stent to facilitate subsequent 
ureteral mobilization and dissection and secured with a 
4-0 monofilament suture

Fig. 56.3 The ureter is mobilized by first circumscribing 
it around the ureteral orifice using hook electrocautery

Fig. 56.4 With traction on the ureteric stent using a blunt 
grasper, the fibrovascular tissue surrounding the lower 
ureter can be seen and divided using fine 3-mm endo-
scopic scissors and diathermy hook, while preserving the 
main ureteric blood supply
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interrupted 5-0 or 6-0 poliglecaprone or polydiox-
anone sutures (Fig. 56.6). A ureteral stent is not 
routinely used except for selected patients under-
going bilateral ureteral reimplantation or those 
with megaureters requiring tapering ureteroplasty 
[3]. The working ports are removed under endo-
scopic vision with evacuation of the pneumovesi-

cum. The bladder- holding stitches are then tied. 
Each port site entry wound is then closed with a 
subcuticular monocryl suture [5–7].

56.6  Postoperative Care

In the postoperative period, the patients can keep 
a normal decubitus.

They can restart full oral feeding few hours 
after surgery. The analgesic requirement 
(paracetamol every 6 h) is generally limited to the 
first 24–48 postoperative hours.

It is necessary to monitor diuresis in the first 
24 h with a bladder catheter to avoid a late diag-
nosis of ureteral obstruction or urinomas.

In case of drainage, the drain is removed at 
day 1 or day 2 post-op. An ultrasound is per-
formed at 1 week and 1 month post-op.

The following annual controls (ultrasound, 
cystography and renal scintigraphy) are focused 
on the renal function and residual reflux.

56.7  Results

Several series of Cohen’s pneumovesicoscopic 
reimplantation have been published since 10 years 
with good results [3–7]. Mean operative time for 
unilateral cases is 80–160  min and for bilateral 
cases is 130–180 min. Hospital stay is reported to 
be around 2  days. The success rate is varying 
between 91 and 97.6%. Conversion to open sur-
gery is mostly due to port displacement and proxi-
mal migration of ureteral catheter. Ureteral 
stricture or obstruction may occur due to inappro-
priate handling and dissection of the distal ureter. 
Extraperitoneal extravasation or the urine leak is 
reported to occur due to inadequate closure of the 
bladder and improper ureterovesical anastomosis. 
Scrotal and suprapubic emphysema is related to 
the gas leakage to the subcutaneous tissue which 
always resolved spontaneously. In some occa-
sions, inadvertent pneumoperitoneum treated by 
intraoperative intraumbilical Veress needle 
placement.

Fig. 56.5 Once adequate ureteral length is obtained, the 
muscular defect in the ureteral hiatus is repaired using 5-0 
absorbable sutures, usually with an extracorporeal knot- 
tying technique

Fig. 56.6 Completed ureteroneocystostomy
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56.8  Tips and Tricks

• Port placement can be tricky; the specific 
problem of pneumovesicoscopy is, when 
introducing the ports, to go through two walls, 
firstly abdominal wall then the bladder wall, 
and during the procedure to avoid any dislodg-
ment of the trocar out of the bladder. 
Suspending the bladder to the anterior abdom-
inal wall and fixation of the trocar to the 
abdominal wall are of utmost importance.

• Of course filling the bladder with liquid offers 
a better counterpressure than with gas, and it 
can be an advantage because the bladder wall 
is particularly soft in children and can be dis-
torted or pushed away by the trocar tip before 
being entered; but we changed for CO2 insuf-
flation for two reasons: first blood oozing 
from the bladder port sites could cloud the 
cystoscopic fluid; second any liquid extravasa-
tion out of the bladder could occur and lead to 
collapse the bladder and poor visibility.

• During the postoperative period, the most 
feared complication is ureteral obstruction 
usually due to a too close dissection with 
monopolar hook (ischemia + burn): low power 
setting on the hook electrode and cautery 
away from the ureter are recommended.

• Of course as part of minimally invasive proce-
dures, pneumovesicoscopic cure of vesicoure-
teral reflux is in competition with injection 
therapy using dextranomer/hyaluronic acid; 
however both techniques could be associated 
during the same procedure in case of bilateral 
disease (three cases in my experience): for 
example, low-grade reflux on one side and 
obstructive megaureter or ureterocele on the 
contralateral side; the “sting” realized during 
the cystoscopy allows to avoid bilateral reim-
plantation and to save time.

56.8.1  Limitations 
and Contraindications

• Related to the surgeon: all the vesicoscopic 
procedures are challenging. Expertise in intra-
corporeal suturing in confined spaces with 

fine 5-0 or 6-0 is essential; there is a tremen-
dous learning curve; in short these procedures 
are still reserved to expert laparoscopic paedi-
atric surgeons.

• Related to the patient: the major limiting fac-
tor is the bladder capacity. The smaller the 
bladder, the more reduced the working space. 
In the youngest patients of few months old, 
the decreased working space does make the 
procedure more technically demanding and 
may obviate the advantages of vesicoscopic 
repair. Hence this method seems difficult to 
apply under 1 year of age (or in bladder less 
than 100 mL). That explains why the use of 
robot, even if it seems theoretically a good 
solution, is not in fact the way to solve the 
problem [8].

• Another limiting factor is the bladder wall 
conditions: in case of markedly thickened or 
inflamed bladder wall, the procedure could be 
quite difficult. However previous failed injec-
tion therapy or previous intra- or extravesical 
surgery should not be considered a contraindi-
cation. This technique is also workable in aug-
mented bladder.

56.9  Discussion

The laparoscopic approaches arose from the idea 
of combining minimal invasiveness of endo-
scopic treatments with the successful outcomes 
of open procedures. After the initial papers 
reporting the complexity and having no advan-
tage of the procedure in children, new publica-
tions on this issue started to appear in the 
literature after 2000s.

The experience on Cohen’s pneumovesico-
scopic reimplantation is larger than the extraperi-
toneal technique. The allowance for bilateral 
reimplantation, reduced bladder trauma, absence 
of wide cystotomy and retraction of bladder wall 
may be counted as the benefits of this approach 
[4]. Besides these facts, it also allows intravesical 
repair of diverticula [9]. However, the operative 
field is smaller and intracorporeal suturing is 
more demanding. In a study of Kutikov et  al., 
they noticed that complications mostly occurred 
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in children who had small (<130  cm3) bladder 
capacity and were younger than 2 years age [10]. 
Their observations showed that increasing intra-
vesical pressures (>10 mmHg) were causing con-
tractions; therefore they recommend to work 
under pressures between 6 and 8  mmHg. The 
effect of CO2 on the upper urinary tract was stud-
ied in sows, and pneumovesicum at a pressure of 
10 mmHg for 2 h did not result in any demon-
strable deleterious effect [11]. Canon et al. made 
one of the few comparative studies [6]. They 
showed in their retrospective study that the mean 
age was higher, the reflux grade was lesser, oper-
ative time was longer and narcotic analgesic need 
was lesser in vesicoscopic reimplantation group 
than the open group. Another smaller study also 
showed that financial cost-effectivity and hospi-
tal stay were favouring the laparoscopic tech-
nique [12]. Jayanthi with the largest experience 
in the literature recommended the low power 
cautery use, correct placement of ports and clo-
sure of port sites as Kutikov et  al. also did. 
Kawauchi et al. compared 15 adults and 15 young 
patients and revealed no significant difference 
including the operative times, success and com-
plication rates [13]. One study showed a 
decreased operative time with increasing experi-
ence [14].

In conclusion collected experiences helped to 
define the indications, advantages and disadvan-
tages of laparoscopic approaches. For the present 
time, laparoscopy can be said to be reaching its 
goal about the high successful results with a min-
imally invasive nature. The only barrier on the 
way of widespread acceptance is the long opera-
tive times which will take some more time to be 
improved [2, 15].
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Laparoscopic Decortication 
for Renal Cysts in Children

Mohamed Abouheba and Sameh Shehata

57.1  Introduction

The kidney is one of the commonest organs for cyst 
occurrence [1]. Causes are listed in Box 57.1 [2]. 
Autosomal dominant polycystic kidney disease 
(ADPKD) is the most common renal cystic disease 
in the United States [3]. On the other hand, simple 
renal cysts are comparatively rare in children and 
adolescents up to 18 years of age. Incidence ranges 
from 0.1 to 0.45% with a mean of 0.22% without 
sex predilection [4]. The incidence, however, rises 
with age reaching 20% and 50% at 40 and 60 years 
of age, respectively, with apparent male preponder-
ance [5]. Despite originating within the nephron, 
simple renal cysts lose communication later and 
become excluded. They usually range from 1 to 
10 cm in size, the majority being less than 2 cm [6]. 
They are usually oval or rounded, solitary or mul-
tiple, and unilateral or bilateral. Most cysts are uni-
locular and cortical in  location and, rarely, 
medullary. They look glistening blue usually dis-
torting renal contour. They are lined by a single 
layer of flattened or cuboidal epithelium and filled 
with a clear serous fluid. However, some may 
become septated and fibrosed or calcified from pre-
vious hemorrhage or infection [7].

Simple renal cysts are usually silent in children 
and, therefore, usually incidentally discovered. Rarely, huge cysts manifest as a flank pain, abdom-

inal mass, or rupture into the pelvicalyceal system 
producing hematuria or compress the surrounding 
parenchyma leading to segmental ischemia and 
consequent hypertension or frank obstructive urop-
athy [8]. Their benign nature is easily ascertained if 
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Box 57.1 Classification of Renal Cysts [2]

Inheritable Nonheritable
•  Autosomal recessive 

(infantile) polycystic 
kidney disease

•   Autosomal dominant 
(adult) polycystic kidney 
disease

•  Juvenile 
nephronophthisis and 
medullary cystic disease 
complex

•  Juvenile 
nephronophthisis 
(autosomal recessive)

•  Medullary cystic disease 
(autosomal dominant)

•  Congenital nephrosis 
(familial nephrotic 
syndrome) (autosomal 
recessive)

•  Familial hypoplastic 
glomerulocystic disease 
(autosomal dominant)

•  Multiple malformation 
syndromes with renal 
cysts (e.g., tuberous 
sclerosis, von Hippel-
Lindau disease)

•  Multicystic 
kidney 
(multicystic 
dysplastic 
kidney)

•  Benign 
multilocular cyst 
(cystic 
nephroma)

•  Simple cysts
•  Medullary 

sponge kidney
•  Sporadic 

glomerulocystic 
kidney disease

•  Acquired renal 
cystic disease

•  Calyceal 
diverticulum 
(pyelogenic cyst)
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they meet certain U/S criteria: (a) round or oval 
shape, (b) no internal echoes, and (c) sharply 
demarcated wall with (d) acoustic enhancement 
behind [9]. Symptomatic cysts, clustered cysts, as 
well as failure to meet some of these criteria all 
raise suspicion of malignancy mandating further 
evaluation by CT, MRI, or even ultrasound-guided 
cyst aspiration for cytological examination [10].

Although management of symptomatic cysts 
is largely guided by CT criteria based on Bosniak 
classification in adults (Table  57.1) [11], the 
choice of the approach in children rather depends 
on patient factors and surgeons’ preference [12]. 
Current options for simple renal cysts in children 
include decompression by percutaneous aspira-
tion with or without sclerosis, open surgery, ante-
grade or retrograde endoscopic marsupialization, 
and laparoscopic decortication via transperito-
neal or retroperitoneal approaches [13–16].

57.2  Preoperative Preparation

Before surgery, routine laboratory studies (com-
plete blood picture, bleeding and coagulation pro-
file, serum creatinine, and urine culture) should be 
done for all patients. In special scenarios, the patient 
should be consented for conversion to an open pro-
cedure or even nephrectomy should intraoperative 
complications arise (e.g., multiple renal cysts with 
hypertension or peripelvic cyst). If nephrectomy is a 
consideration, a contralateral functioning kidney 
should be secured during the preoperative workup.

A preoperative bowel preparation is beneficial 
in infants and children with stool softeners. A 
routine perioperative coverage with cephalospo-
rin is enough but is rather guided by urinalysis 
and culture if indicated. After induction of anes-
thesia, the stomach and bladder are decompressed 
with a nasogastric tube and bladder catheter, 
respectively. If there is potential of transgressing 
the renal collecting system (e.g., peripelvic 
cysts), a ureteral stent is better placed at the 
beginning of the procedure for retrograde instil-
lation of methylene blue to identify any inadver-
tent injury to the collecting system.

57.3  Positioning

The transperitoneal approach is ideal for anterior 
cysts, while the retroperitoneal approach is reserved 
for posterior cysts. For the transperitoneal approach, 
the patient is secured in the lateral oblique position 
with a back roll. The flank is opened by splinting 
the patient either over a roll under the contralateral 
costal margin in infants or by flexing the table in 
older children and adolescents. The axilla is well 
padded to avoid brachial plexus injury. The upper 
chest and thighs are secured to the bed with soft 
tape. For the retroperitoneal approach, the patient is 
secured in the frank lateral position. The flank is 
opened by splinting the patient over a lower chest 
roll. The lower arm rests on a board while the upper 
arm is flexed over the chest. The legs are well-pad-
ded taped to the table.

Table 57.1 Modified Bosniak classification of adult renal cysts and recommended management [10]

Category Description Recommendation
Category I
Benign

Simple benign cyst with (1) good through-transmission (i.e., 
acoustic enhancement), (2) no echoes within the cyst, (3) sharply 
marginated smooth wall

Follow-up
Consider surgery if symptomatic

Category II
Benign

Looks benign with some radiologic concerns, including septation, 
minimal calcification, and high density

Follow-up
Consider surgery if symptomatic

Category II F
Likely benign

Although calcification in wall of cyst may even be thicker and 
more nodular than in category II, the septa have minimal 
enhancement, especially those with calcium

Follow-up
Consider surgery if symptomatic

Category III
Suspicious

More complicated lesion that cannot confidently be distinguished 
from malignancy, having more calcification, more prominent 
septation of a thicker wall than a category II lesion

Surgical exploration
Consider partial nephrectomy

Category IV
Malignant

Clearly a malignant lesion with large cystic components, irregular 
margins; solid vascular elements

Radical nephrectomy

M. Abouheba and S. Shehata



415

57.4  Instrumentation

Before the procedure, ensure that the necessary 
equipment is open or readily available. Box 57.2 
lists the equipment recommended for laparo-
scopic renal cyst decortication.

57.5  Technique

57.5.1  Trocar Placement

57.5.1.1  Transperitoneal Approach
Pneumoperitoneum is safer established by open 
method using a transumbilical insufflating 5-mm 
port under vision. All other ports are inserted 
under laparoscopic vision.

For left-sided cyst decortications, a 5-mm 
port is inserted below the umbilicus along the 
midclavicular line, and another 5-mm port is 
inserted along the midline in the linea alba 
midway between the xiphoid process and the 
umbilicus. For a right-sided procedure, a 
5-mm upper midline is placed midway between 
the xiphoid and the umbilicus, and a 12-mm 
port is placed just below the level of the umbi-
licus at the right midclavicular line. An 
optional 3- or 5-mm port may be placed in the 

upper midline to facilitate retraction of the 
liver or spleen (Fig. 57.1).

57.5.1.2  Retroperitoneal Approach
A 2-mm skin incision is made just at or posterior 
to the 12th rib at the superior lumbar triangle. A 
space is created by blunt finger dissection anterior 
to the psoas major and around Gerota’s fascia to 
accommodate a balloon dilator. A trocar- mounted 
balloon or a modified Gaur balloon made of the 
middle finger of a latex surgeon’s glove mounted 
on a 16F red rubber catheter is used to expand the 
retroperitoneal space to 500–800  cc. A 12-mm 
blunt-tipped cannula is placed at this site. A sec-
ond 12-mm trocar is placed under laparoscopic 
vision along the anterior axillary line in line with 
the first trocar, taking care to avoid inadvertent 
injury to the peritoneum. A third 5-mm trocar is 
placed a few fingerbreadths posterior to the sec-

Fig. 57.1 Three ports are used for the transabdominal 
approach: the first 12-mm laparoscopic port is placed at 
the umbilicus, and the remaining ports are placed under 
laparoscopic vision as follows: a 12-mm port is placed 
just below the umbilicus along the midclavicular line, and 
a 5-mm port is placed in the midline between the xiphoid 
and the umbilicus (Reprinted with permission [15])

Box 57.2 Instruments for Laparoscopic Cyst 
Decortication

Instruments needed for laparoscopic 
decortication
•  Cystoscopy set, if needed
•   Direct vision access port (e.g., Visiport, US 

Surgical Corporation)
•  Laparoscopic lens
•  Two–three 10-/12-mm insufflating portsa

•  Two 5-mm ports
•  Laparoscopic instruments: scissors, graspers, 

and suction irrigator
•  Laparoscopic ultrasound (if needed)
•  Argon beam coagulator
•  Retrieval bag
•  5-mm or 10-mm clip appliersa

•  Oxidized cellulose
•  Laparoscopic aspiration needle

aDepending on size of the child
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ond trocar (at the lateral border of the paraspinous 
muscles) or superior to the 12-mm trocar in the 
anterior axillary line (Fig. 57.2).

57.5.2  Procedure

57.5.2.1  Transperitoneal Approach
After securing the trocars, the colonic white line 
of Toldt is incised from the splenic or hepatic flex-
ures down to the iliac vessels, and the colon is 
reflected medially to expose the kidney. An extra 
3- or 5-mm port may be needed to lift the liver (on 
the right side) or the spleen (on the left side). For 
full access, the splenicocolic and phrenicocolic 
ligaments are divided on the left side; and duode-
num may be mobilized on the right side (Fig. 57.3).

The use of intraoperative ultrasonography via 
a laparoscopic transducer helps delineating cyst 
location, extension, and relation to renal vessels 
and collecting system at the hilum. It also helps 
exploring cyst interior septation, extension, calci-
fication, and debris within raising suspicion of 
malignancy (vide supra).

For solitary cortical cysts, splitting the overly-
ing Gerota’s fascia provides direct access for 

simple unroofing. However, in case of complex, 
multiple, or peripelvic cysts, the kidney is better 
fully mobilized to expose the hilum.

For a solitary cyst, the perinephric fat overly-
ing the cyst is dissected up to normal renal cortex 
(Fig.  57.4). Large tense cysts may be aspirated 

Fig. 57.2 In the retroperitoneal approach, a 12-mm blunt-
tipped cannula is placed just at or posterior to the 12th rib at 
the superior lumbar triangle, and a second 12 mm trocar is 
placed in the anterior axillary line in line with the first trocar. 
This is placed under direct vision with care to avoid injury to 
the peritoneum, which can be swept medially as necessary. 
A third 5-mm trocar is placed a few finger breadths posterior 
(at the lateral border of the paraspinous muscles) under 
direct vision or superiorly above the 12-mm trocar in the 
anterior axillary line (Reprinted with permission [15])

Fig. 57.3 On the right side, the colon is reflected medi-
ally, and a Kocher maneuver may be necessary to fully 
expose the kidney (Reprinted with permission [15])

Fig. 57.4 The renal cyst can be identified through 
Gerota’s fascia and the perinephric fat is mobilized until a 
rim of normal parenchyma is exposed (Reprinted with 
permission [15])
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for partial decompression using an appropriate 
spinal needle transcutaneously under laparo-
scopic vision. The now flaccid cyst wall is cir-
cumferentially resected flush with the renal 
capsule using low-energy laparoscopic scissors 
(Fig. 57.5) and sent for histopathological exami-
nation. Also, any suspicious nodules on the now 
exposed cyst floor are scooped with cup biopsy 
forceps (Fig. 57.6).

Any bleeding should be controlled with short 
buzzes of low-current monopolar electrocautery 
or argon beam coagulator. Avoid overuse of 
energy inside a large or deep cyst cavity to avoid 
collecting system injury.

Large cyst cavities are better plugged with 
perirenal fat to reabsorb cyst fluid preventing its 
reaccumulation or formally drained by a fine suc-
tion drain coming out through a lateral port.

Large deep intrarenal cysts pose a challenge 
for unroofing and may need intraoperative lapa-
roscopic ultrasound transducer to localize them 
or even a preoperative percutaneous nephros-
tomy tube.

For peripelvic cysts, a ureteral catheter may 
be placed preoperatively to inject methylene 

blue to help distinguish the cyst from the col-
lecting system. Electrocautery is particularly 
discouraged during their dissection at the hilum 
to avoid injuring the nearby vessels and collect-
ing system.

For ADPKD, laparoscopic ultrasound may 
help locating deeper cysts (Fig. 57.7) puncturing 
many of them. Inaccessible cysts may just be 
aspirated.

Fig. 57.5 The cyst wall is then grasped and electrocau-
tery scissors used to excise the wall until it is flushed with 
the renal capsule (Reprinted with permission from [15])

Fig. 57.6 The base of the cyst is inspected for suspicious 
nodules or irregularities that may be biopsied with cup 
biopsy forceps (Reprinted with permission [15])

U/S: Renal
Cyst 

• symptoms
• suspicious

U/S-guided
aspiration

• failure
• reaccumulation
• inaccessible

laparoscoping
decortication

• unsatisfactory
• risky

open surgery

Fig. 57.7 Management algorithm of renal cysts in chil-
dren [17]
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57.5.2.2  Retroperitoneal Approach
The retroperitoneal approach is reserved for pos-
terior and lower pole cysts in older children [18]. 
After securing the trocars, the peritoneum is 
swept medially exposing the psoas major where 
the Gerota’s fascia is opened. Once the cyst is 
identified, it is tackled similarly to the transperi-
toneal approach.

57.6  Postoperative Care

Aim to start fluids the same night regardless of 
the approach. Once tolerated, a soft diet is 
started next morning and plan discharge. 
Remove the bladder catheter after ensuring a 
satisfactory urine output. Cephalosporin may be 
continued for 1–2 postoperative days unless 
otherwise indicated by urine culture. If, how-
ever, the patient develops ileus, feeding intoler-
ance, fever, or abdominal distention, a urinoma 
or retroperitoneal hematoma should be sus-
pected and is better drained under ultrasound 
guidance.

For urinomas, a Foley catheter is reinserted, 
and a percutaneous nephrostomy tube or ureteral 
stent placed. For retroperitoneal hematomas, 
observation and transfusion are usually suffi-
cient, but rarely a renal arteriogram and trans-
catheter embolization are done for refractory 
hemorrhage.

57.7  Results

57.7.1  Simple Renal Cysts

Short-term follow-up reports 77–100% success 
rate as defined by resolution of symptoms and cysts 
(Table 57.2). The most comprehensive review done 
by Fahlenkamp et al. [24] in 4 different centers 
examining 139 laparoscopic cyst decortications at 
4 centers reported only 5 complication categories: 
bleeding, open conversion, ileus, urinary fistula, 
and nerve paresthesia. The 4.5% overall complica-
tion rate compares favorably with the 32% rate 
reported for planned open cyst decortication [24].

Faith et al. [26] reported 45 patients who under-
went laparoscopic decortication of symptomatic 
simple renal cysts with renal cyst wall excision and 
fulguration of the epithelial lining. Complex renal 
cysts were excluded. Of which, 24 (53.3%) had 
undergone previous cyst aspiration with injection of 
sclerosant material for ablation. The Wong-Baker 
pain scale was used to assess the preoperative and 
postoperative pain scores. Radiologic success was 
indicated as no recurrence on the most recent com-
puted tomography scan. Of the 45 procedures, 44 
were completed laparoscopically. One patient 
(1.8%) underwent open conversion because of 
excessive bleeding. The mean operative time was 
89 min (range 48–170). Symptomatic success was 
achieved in 91.1% of patients, with a median follow-
up of 52 months (range 3–132), and radiographic 

Table 57.2 Outcome of laparoscopic decortication of simple renal cysts in various series [15]

Author Pts
TP/
RP

OR time 
(min) Transf. Conver.

Compl. 
(%)

LOS 
(day)

Conval. 
(week)

FU 
(months)

Success 
(%)

Rubenstein 
et al. [19]

10 9/1 147 10% 10% 20% 2.2 1 10 100

Guazzoni 
et al. [20]

20 TP 75 0% 0% 0% 2.2 1 3–6 100

Valdivia 
et al. [14]

13 TP – – 0% – – – 0–12 –

Wada 
et al. [21]

13 TP – – 7.7% 7.7% – – 3 77

Ou et al. [22] 14 RP 78 – – 7 4.2 1 8 100
Denis 
et al. [23]

10 8/2 92 – 10% 10% 5.4 – 8.3 100

Fahlenkamp 
et al. [24]

139 – – – – 3.5% – – – –

Roberts 
et al. [25]

21 13/8 164 0% 0% 14% 1.9 – 15.8 95

Total 240 83/18 129 2.0% 
(1/51)

3.4% 
(3/87)

6.2% 
(14/227)

2.9 1 – –
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success was achieved in 95.5% of patients, with a 
median follow-up of 39 months (range 3–96) [26].

57.7.2  Complex Cysts

Literature is scarce on complex cysts in children. 
However, Santiago et al. [27] reviewed 35 patients 
with Bosniak II and III cysts who underwent lapa-
roscopic cyst decortication. Among these patients, 
five (14.5%) had renal cell carcinoma, of whom 
four underwent immediate partial or radical 
nephrectomy and one patient underwent a delayed 
partial nephrectomy after pathologic confirma-
tion. No recurrences were detected in this group 
of patients at a mean follow- up of 20 months [27].

Roberts et al. [25] also performed laparoscopic 
cyst decortication in eight patients with Bosniak 
class II/III cysts. One patient with a finding of a 0.8-
cm focus of papillary renal cell carcinoma on per-
manent histopathological examination subsequently 
underwent an open radical nephrectomy with exci-
sion of the trocar site that was used for specimen 
extraction. With 60  months follow-up, no recur-
rence has been detected [25]. Warren et  al. [28] 
reviewed the accuracy of the Bosniak classification 
and concluded that concordance between radiologic 
classification and malignancy is well established 
and accurate for class I and IV cysts, however, in the 

absence of large prospective studies, differentiating 
between class II and III cysts remains controversial 
[28]. Several groups reviewed by Warren utilized 
CT-guided biopsy of class II–III renal cyst to aid in 
their decision-making. Until longer follow-up and 
more patients are evaluated, laparoscopic cyst 
decortication for the intermediate cyst should be 
employed cautiously and selectively.

57.7.3  Peripelvic Cysts

Roberts et al. [25] reported the largest series to date 
of 11 peripelvic cysts who underwent laparoscopic 
decortication without any conversions, transfu-
sions, or recurrences. However, prolonged urinary 
leakage and ileus was one yet serious complication. 
In contrast, both operative time was longer and 
mean blood loss was greater statistically for 
peripelvic cysts compared with  simple cysts (164 
vs. 233 min [p = 0.003], 98 vs. 182 mL [p = 0.04]).

57.7.4  Autosomal Dominant 
Polycystic Kidney Disease

Fewer series of ADPKD exist in children and 
have limitations regarding protocol and number 
of cysts excised (Table 57.3).

Table 57.3 Outcome of laparoscopic decortication of ADPKD in various series [15]

Author Pts
TP/
RP

EBL 
(mL)

OR 
time 
(min) Transf. Convers. Compl.

LOS 
(day) Recur.

F/U 
(month) Pain relief

Elzinga 
et al. [29]

3 TP – – – – – – – – –

Chehval 
and Neilsen 
[30]

3 TP – – 0 0 0 2.3 0 16.7 100% initial and 
F/U

Brown 
et al. [31]

8 TP <150 164 0 0 0 <2 25% 12–28 85% initial, 
50% F/U

Elashry 
et al. 

2 (5 
proc)

TP 85 207 0 0 0 2.4 0 9 100% initial and 
6–22 months

Lifson et al. 
[32]

8 (11 
proc)

10/1 116 137 9% 0 9% 2.2 – 28.6%(2/7) 11–65 71% at 
6 months, 57% 
at 2 years

Lee et al. 
[33]

29 27/2 124 300 0 0 34 3.2 – 32 81% with a 50% 
pr

Dunn et al. 
[34]

15 
(21 
proc)

TP 88 330 0 0 33% 3.2 13.30% 26.4 86.7% initial, 
73% at 2 years

Total 68 
(80 
proc)

77/3 112.6 226 4.2% 0% 16.7% 2.55 15.7% – –
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Most current studies recommend extensive 
cyst decortication. Dunn et al. marsupialized an 
average 204 cysts/procedure aiming for better 
pain relief prolonging the mean operative time to 
226 min. It is observed that initial complete pain 
relief on all patients may degrade later to partial 
relief on fewer patients on longer follow-up. 
Lifson et al. reported complete pain resolution in 
71%, and 57% of seven patients who were pain- 
free at 6 months and 2 years, respectively. Dunn 
et al. also noted a reduction in pain in 73% of 15 
patients at 2 years, with an average pain reduc-
tion of 62%.

Whether cyst decortications have ameliorated 
the natural history of ADPDK-related hyperten-
sion and renal impairment remains controversial. 
Dunn et al. [34] found no change in blood pres-
sure in 40%, improvement in 20%, resolution in 
7%, and worsening in 33% of 12 ADPDK patients 
who underwent extensive laparoscopic cyst 
decortication. Serum creatinine levels remained 
stable in 87% of patients.

57.8  Tips and Tricks

 1. A trial of conservative management or percu-
taneous sclerotherapy for simple cysts can 
precede laparoscopic cyst decortication.

 2. The laparoscopic management of complex 
renal cysts is controversial, and patient candi-
dates for laparoscopic exploration and/or 
decortication require careful selection. For 
Bosniak II/III cysts, aspirated cyst fluid should 
be sent for cytology and samples of the cyst 
wall and base should be sent for histopatho-
logic evaluation at the time of surgery.

 3. Peripelvic cysts require careful dissection 
around the hilum and retrograde injection of 
methylene blue to rule out inadvertent injury 
to the collecting system.

 4. Aggressive cyst decortication of as many sur-
face and subsurface cysts as possible is advis-
able for ADPKD.  Laparoscopic ultrasound 
will facilitate identification of accessible 
cysts.

57.9  Discussion

Asymptomatic renal cysts are usually an inciden-
tal finding in pediatric urology workup. Although 
mostly benign requiring only conservative treat-
ment and regular follow-up, yet careful observa-
tion is necessary to filter suspicious ones for 
further imaging. Renal ultrasound, CT, and MRI 
in addition to guided aspiration for cytological 
examination are all valid tools in properly 
selected patients.

Percutaneous cyst aspiration with optional 
sclerotherapy can be offered as first-line therapy 
for simple symptomatic renal cysts that fail con-
servative medical management. However, com-
plex cysts, ADPKD cysts, and peripelvic cysts 
may be best managed initially with formal open 
or laparoscopic decortication and proper tissue 
sampling for histopathological examination. 
Laparoscopic cyst decortication has been shown 
to be a safe, efficacious, and minimally invasive 
approach for treatment of renal cysts in experi-
enced hands.

Long-term follow-up has confirmed that lap-
aroscopic cyst decortication is an effective and 
durable treatment option for symptomatic sim-
ple renal cysts during long-term follow-up. It 
has the merit of minimal invasiveness, lower 
recurrence, and cost-effectiveness if compared 
to percutaneous cyst ablation, sclerotherapy, 
and open surgery. Hence, it should be offered as 
the first surgical option for symptomatic renal 
cysts in children. A suggested algorithm for 
renal cyst management in children is shown in 
Fig. 57.7.
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Minimally Invasive Surgery 
Management of Urachal Pathology

A. A. Gusev, S. P. Yatzik, I. V. Kirgizov, 
and E. Yu. Dyakonova

58.1  Introduction

Urachal pathologies are mostly often found in 
newborns, and the frequency of its occurrence is 
rather high (according to some data, up to 
30–50% of newborns have this or that urachal 
pathology). However considering the possible 
asymptomatic of some embodiments of this dis-
ease, as well as continuing to 1.5 years of over-
growing the duct, the incidence gradually 
decreases. Up to 95% of all urachal diseases are 
detected in childhood. This pathology is also 
diagnosed within adults, further less often, 
although with a frequency of up to 1:5000 and 
most of all according to autopsy data, since they 
cannot manifest themselves in any way through-
out their life [1]. Meanwhile, there are sporadic 
cases of diagnosis in other studies (cystoscopy, 
cystography, ultrasound), as well as cases requir-
ing surgical intervention (suppuration, divertic-
ula, etc.) [2–6].

Urachus—the urinary duct, which connects 
the tip of the bladder with the umbilical cord, is a 
derivative of the intraperitoneal segment of the 

allantois and in the early stages of embryogenesis 
is a duct connecting the bladder to the extraem-
bryonic allantoic part. By 5–7  months of intra-
uterine development, it is usually finally 
obliterated and becomes the middle vesicle- 
umbilical ligament. However, in some cases, the 
lumen of the urachus persists for the rest of life. 
It should also be noted that the immediate causes 
of disturbance of the obliteration of this duct are 
not clear yet. If the process of obliteration in the 
intrauterine period fails, then after the birth of the 
baby and falling of the umbilical cord, the duct 
(or part of it) remains open [7].

58.1.1  Classification

The development of urachus malformations is 
subdivided into four types depending on the 
imperforate degree: umbilical fistula, urachus 
cyst, bladder-navel fistula, and bladder diverticu-
lum (Fig. 58.1).

The most common case is the non-obliterated 
umbilical urachal part or its cyst, formed after 
imperforate outer and inner parts of the embry-
onic bladder stroke. This is the “umbilical fistula” 
and “urachal cyst.” Clinically, in umbilical fis-
tula, the skin around is macerated and inflamed, 
and there are granulation and serous secretion. 
With probe exploring, a blindly terminating 
pocket is revealed in the direction of the bladder 
along the median line. Often, the umbilical fistula 
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may become infected and then joins purulent 
secretion. Urachal cyst may not manifest itself 
clinically until the moment of inflammation and 
is diagnosed exclusively when performing ultra-
sound or surgical interventions on the organs of 
the abdominal cavity. Depending on the location, 
paravesical, intermediate, and umbilical urachal 
cysts are distinguished. The urachal cyst can 
communicate with a narrow fistulous course with 
the navel, bladder, or simultaneously with both, 
and in this case, the symptoms of suppuration 
join the infection—there is pain, hyperemia of 
the skin over a tumorlike formation, fever, and 
inflammatory changes in clinical blood tests.

In the presence of a fistula of a festering cyst 
in the navel area, pus or pus mixed with blood is 
secreted from the fistula hole. With palpation of 
the anterior abdominal wall below the navel, the 
detachable amount is increased. When connect-
ing festering urachal cysts with bladder, cystitis 
and pyuria occur. Also suppuration of the cyst 
can cause a phlegmon of the anterior abdominal 
wall, and a cyst rupture can lead to the emergence 
of diffuse peritonitis. The mechanism of forma-
tion and growth of cyst morphologists is 
explained by metaplasia of the transitional epi-
thelium of the urachus in the cylindrical epithe-
lium, which produces a serous fluid filling the 
lumen of the nonperforated portion of the embry-
onic duct, which leads to its expansion. Infection 
is also possible by hematogenous and lymphog-
enous or through the fistula way.

If the lower part of the urachal communicating 
with the bladder remains open, then the bladder 

diverticulum (apical diverticulum of the bladder) 
is diagnosed. The clinical picture will depend on 
its size, diameter of communication with the blad-
der; the inflammatory changes presence. 
Diverticulum also cannot clinically manifest itself 
and can be diagnosed accidentally during cystos-
copy, cystography, or ultrasound exam. If the con-
nection performed with a narrow hole, then 
emptying it is difficult, and residual urine will 
cause stretching and atony of the cystic walls, 
causing infection and the development of cystitis 
and diverticulitis. Dysuria, suprapubic pain 
appears. This pathology is best visualized with the 
cystography in a tight filling and/or at the height 
of the act of urination. The treatment of apical 
diverticulum of the bladder is only operative.

The least common is the functioning bladder- 
umbilical fistula. Clinically, the discharge of urine 
can be noted from the navel (drop by drop, but 
with a child’s anxiety and the tension of the ante-
rior abdominal wall—a flow). In the case of a 
complete fistula, the introduction of coloring 
agents (e.g., methylene blue or indigo carmine) 
helps in the diagnosis. Staining urine will indicate 
the communication of the fistula with the bladder. 
In the diagnosis of the fistula, X-ray fistulography 
and cystography are also performed [7].

58.1.2  Treatment

Conservative therapy for urachal malformations 
is possible only if there is an umbilical fistula 
(sinus). In all other cases (as well as in cases of 

Fig. 58.1 Cysts type
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ineffectiveness of conservative therapy), surgical 
treatment is performed. In the presence of an 
active inflammatory process, the acute exacerba-
tion of the infection should be primarily reversed. 
If surgical treatment is performed during an acute 
inflammatory process, the likelihood of develop-
ing peritonitis and/or urosepsis is very high [8].

58.2  Open Surgery

 (a) When the duct is completely open (function-
ing bladder-umbilical fistula)

The position of the patient “on the back” 
the bladder is firstly filled through the ure-
thral catheter to facilitate the mobilization of 
the front wall. A probe or dye is injected into 
the bladder through the urachus. The lower 
midline incision (due to the high location of 
the children’s bladder, the incision should be 
executed closer to the navel) or the lower 
cross section of the skin above the pubic 
symphysis is to be made further. Perform a 
complete extraperitoneal excision of the ura-
chus all the way from the navel to the tip of 
the bladder. The defect of the wall of the 
bladder is eliminated by superimposing 
double- stranded sutures.

 (b) In the umbilical fistula—a radical method of 
treatment is also the excision of the urachus 
along the entire length together with the 
umbilical part. However, in young children, 
it is primarily better to try conservative ther-
apy because of possible independent obliter-

ation of the fistula. Conservative therapy 
should be aimed at preventing and treating 
secondary infection.

 (c) Urachal cyst
The treatment is exclusively surgical. 

Small (infected and uninfected) cysts should 
be removed simultaneously with the urachus 
right up to the bladder. Large ones can first 
drain through the abdominal wall. In the case 
of suppuration, the cyst surgery is performed 
in two stages: the first stage, the opening and 
drainage of the cysts and, the second, its radi-
cal removing with the urachus after decrease 
the inflammation.

 (d) In the case of a diverticulum of the bladder
The treatment of apical diverticulum is 

focused on its complete excision throughout. 
The defect of the bladder wall around the 
entrance hole of the urachus is closed with a 
double- row suture.

58.3  Minimally Invasive Surgery 
Treatment of Urachal 
Malformations

Since surgical treatment is necessary in almost all 
cases of detection, in addition to the umbilical fis-
tula, there are several options for accessing and 
locating trocars (from 3 to 4) for entering the 
abdominal cavity and for optimal visualization 
(Fig. 58.2). Some authors suggest installing trocars 
for instruments in one half of the abdominal cavity, 
part from both sides. Often a trocar for a video 

Fig. 58.2 Trocar placement
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camera is placed in the navel area. However, a part 
of the authors (including in our experience) install 
it at 1–2 cm above the navel on the median line. 
Each of these techniques has the right to exist [9].

Direct surgical treatment is the maximum 
excision of the cyst itself and, accordingly, the 
ligament [10].

For an access to the abdominal cavity, we 
decided to use three trocars: one for the video 
camera and two for the instruments. A 5 mm tro-
car for video camera 30° was installed 2 cm above 
the navel on the median line, and the trocars for 
instruments—on the sides of the navel along the 
middle clavicular line—were also 5 mm. The lay-
out of the staff is shown on Fig. 58.3 [11, 1].

When installing the camera and revision of the 
abdominal cavity below the umbilical ring, a 

circular volume formation along the median line 
is revealed, and the body of the cyst is removed 
using coagulation (Fig. 58.4). After isolation and 
excision of the cyst, the median ligament is also 
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Fig. 58.3 Team 
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Fig. 58.4 Cyst’s isolation and dissection Fig. 58.5 Closure of the base of urachal cyst with a stitch

Fig. 58.6 Final aspect of the procedure
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isolated throughout the bladder and in the direc-
tion of the navel, stitched, coagulated, and cut 
(Figs. 58.5 and 58.6) [12].

58.4  Conclusion

Urachal malformations are fairly common anomaly 
in children. However, given the possibility of 
asymptomatic course of some variants of the dis-
ease, as well as the continuation of the imperforate 
flow until the age of 1–1.5 years, its rate is gradually 
reduced. The operation of choice for both uncom-
plicated and festering cysts should be considered as 
its radical excision along with the urinary duct. 
Minimally invasive surgical treatment should also 
be considered as a choice option for this pathology, 
since the laparoscopic access significantly reduces 
the volume of tissue traumatization, the duration of 
pain syndrome in the postoperative period, and the 
length of stay of the child in the hospital; apart from 
the cosmetic result of surgical treatment is qualita-
tively better [13–15].
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Laparoscopic Resection of Wilms’ 
Tumours

Marc-David Leclair

The Wilms’ tumour (synonym: nephroblastoma) 
represents more than 90% of the paediatric renal 
tumours. Other possible aetiologies comprise 
clear cell sarcoma of the kidney (CCSK), malig-
nant rhabdoid tumour of the kidney (MRTK), 
renal cell carcinoma (RCC), and congenital 
mesoblastic nephroma (CMN).

The hallmark of the SIOP-Renal Tumour 
Study Group strategy is based on preoperative 
chemotherapy (without preceding mandatory 
histological assessment), followed by surgery. 
This neoadjuvant chemotherapy strategy has 
been clearly associated with downstaging 
tumours, thereby sparing survivors the late effects 
of anthracycline and radiotherapy by 20% as 
compared to patients treated with primary sur-
gery [1].

Consecutive SIOP protocols and trials have 
consistently considered open radical nephroure-
terectomy as the gold standard approach for 
treating WT.  According to surgical guidelines, 
the procedure should be performed through a 
long transverse abdominal or thoraco-abdominal 
incision, to allow careful inspection of the 
abdominal cavity and liver, retroperitoneal lymph 

node sampling, and radical nephroureterectomy 
outside of the Gerota’s fascia, including perirenal 
fat and sometimes the adrenal gland in monobloc 
resection.

With the development of a high level of exper-
tise in laparoscopy in several paediatric surgery 
institutions, it became obvious during the last 
15 years that some WT could be amenable to safe 
resection, following the same guidelines, using 
minimally invasive surgery. However, it should 
be kept in mind that WT carries an excellent 
oncological prognosis and that uncontrolled 
spreading of laparoscopic attempts at resections 
might jeopardise patients’ survival through an 
increased risk of local relapse.

59.1  Indications

Achievement of complete microscopic resection 
represents a major stake in the treatment of 
Wilms’ tumour, and the local stage remains a 
powerful independent prognostic factor. Hence, 
the indication for laparoscopy should be mostly 
grounded on the feasibility of a resection with the 
same safety margins as compared to open sur-
gery. The SIOP-RTSG has provided a list of cri-
teria, assessing the feasibility of safe laparoscopic 
radical nephroureterectomy. These criteria have 
been implemented in the recent SIOP- 
UMBRELLA protocol. The main philosophy is 
to exclude all tumours for which there may exists 
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a risk of microscopic incomplete resection or 
rupture, therefore requiring high toxicity  adjuvant 
therapy such as radiotherapy and prolonged post-
operative chemotherapy.

59.2  Indications for Laparoscopic 
Nephrectomy

 1. Resection must adhere to oncological princi-
ples and include lymph node sampling.

 2. Small, central tumours with rim of “normal” 
renal tissue.

 3. The extraction of the specimen in a bag, with-
out morcellation, through an adequate abdom-
inal wall incision, is mandatory, not only to 
control the risk of dissemination but also to 
ensure adequate histopathological staging.

 4. If a nephron-sparing surgery (NSS) is feasi-
ble, it should be preferred even if an open 
approach is needed.

59.3  Contraindications 
for Laparoscopic 
Nephrectomy

 1. Tumour infiltrating extra renal structures or 
extended beyond the ipsilateral border of spi-
nal column

 2. Thrombus in the renal vein or vena cava
 3. Peripheral location if NSS is not deemed 

feasible
 4. Tumour without any response to chemother-

apy due to the risk of tumour rupture
 5. Little or no experience in laparoscopic 

nephrectomy (consider transfer to another 
unit or obtain more experienced help)

To the list of contraindications, it should prob-
ably be added any tumour with suspected fragil-
ity, for example, with subcapsular haemorrhage. 
Similarly, any tumour with suspicion of invasion 
of the liver capsule, colon, or abdominal wall 
should be excluded, predicting difficulties of 
resection with a risk of stage 3 which would be 
attributed to the laparoscopic technique until 
proven otherwise.

One major aspect is the understanding that 
lymph node sampling is extremely important to 
allow adequate staging of the disease. It has been 
shown that absence of LN sampling is associated 
with an increased risk of local relapse, as absence 
of diagnosis of LN metastases leads to under- 
staging and under-treatment of the disease [2]. 
Therefore, the same rules of systematic inspec-
tion and sampling of retroperitoneal nodes should 
be followed with laparoscopy than open surgery. 
It is advisable that exclusively transperitoneal 
approach be considered when discussing MIS for 
Wilms’ tumour resection; retroperitoneoscopic 
access, although theoretically feasible for radical 
nephrectomy of small tumours, hinders adequate 
LN sampling, total ureterectomy down to the ure-
terovesical junction, and most importantly 
impedes extraction of an intact specimen without 
morcellation for adequate staging analysis.

59.4  Technique

The patient is positioned in full or 3/4 lateral 
decubitus, to allow transperitoneal laparoscopic 
access. The video stack is placed in the back of 
the patient head, and surgeon stands at the front, 
his assistant on the same side at the level of the 
head for kidney dissection. Positions of the sur-
geon and his assistant will be switched for ure-
teric dissection. Markings for Pfannenstiel 
incision (to allow extraction of the specimen) are 
drawn when supine before positioning the patient.

Trocars placement (Fig.  59.1) follows the 
rules of transperitoneal access to kidney and 
adrenal gland surgery: three 5  mm ports are 
placed at equivalent distance of the ribs margin, 
leaving some space for a possible fourth port 
whenever necessary.

Optical trocar placement depends on the lapa-
roscope used: umbilical position is suitable when 
using a 30° scope; if using a 0°, umbilical posi-
tion might be too low and tangential to the bowel 
and requires placement along the edge of the rec-
tus abdominis external sheath.

One of the instrument ports (usually in the 
iliac fossa) can be converted into a 10 mm trocar 
during the procedure, especially to allow the use 
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of large clips (10  mm hemolock clips, e.g., to 
allow safe control of a large vein in old children) 
and to allow introduction of a large bag before 
specimen extraction.

A fourth ancillary port may be necessary in 
different occasions: on the midline near the 
xiphoid to help maintaining liver retraction for 
right kidney tumours or posteriorly in the flank to 
assist kidney mobilisation and/or spleen retrac-
tion for left tumours.

59.5  Tactics and Strategy

The aim is to perform monobloc enlarged radical 
nephroureterectomy outside of the Gerota’s fas-
cia, with ureter ligation down at the level of the 
bladder. This implies exposition of the aorto- 
caval axis and ascending dissection along the 
inferior vena cava (IVC) or the aorta from the 
iliac vessels up to the renal pedicle. Complete 
resection with margins free of any microscopic 
residual disease is mandatory in WT; any micro-
scopic residue requires intensive adjuvant treat-
ment (radiation therapy and prolonged 
chemotherapy). General guidelines emphasise 
the need for ligation of the arterial vessels first, to 
avoid dangerous venous congestion and swelling 
of the tumour. It is however possible to perform 
primary division of the vein once the artery loca-
tion has been ascertained hidden behind the vein, 
assuming arterial control will be greatly facili-
tated once the vein is divided. As a general rule, 
the renal artery should be controlled first when-
ever possible.

Right kidney tumour resection: main steps are 
listed below.

 – Mobilisation of the right colon, including 
right colonic flexure and the cecum to provide 
access to the iliac vessels and the ureter.

 – Dissection begins along the right edge of the 
right iliac vein and proceeds cranially along 
the IVC.  Right gonadal vessels are usually 
unnecessarily divided twice, first when isolat-
ing the lower ureter and the iliac vein and then 
at their confluence in the IVC. Dissection con-
tinues cranially to expose the renal vein and 
proceeds upward to get control of the suprare-
nal IVC. Full external mobilisation of perito-
neal attachment of the right liver is then 
necessary to allow adequate exposition of the 
upper pole of the kidney and the adrenal gland. 
An additional port may be necessary to main-
tain the liver.

 – Mobilisation of the duodeno-pancreatic block, 
to allow access to the anterior IVC and the 
aorto-caval space. Control of the right renal 
artery should always be performed along the 
right aorta (as opposed to the right edge of the 
IVC).

 – Once the renal pedicle has been controlled, 
mobilisation of the kidney is performed. 
Decision has to be made at the upper pole of 
the kidney whether excision should be 
extended to the right adrenal gland, according 
to preoperative imaging and intraoperative 
findings.

 – Mobilisation of the upper pole should not hes-
itate to go through the diaphragmatic muscle 

a b

Fig. 59.1 Position of the trocars. (a) Front view of position for right nephrectomy. (b) Sagittal view for left nephrec-
tomy (note the possibility of a fourth operating port posteriorly)
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fibres if there is any suspicion of extension of 
the tumour beyond the limit of the Gerota’s 
fascia. Similarly, mobilisation of the external 
and posterior aspects of the kidney can safely 
be performed through the thickness of the 
transverse and psoas most superficial fibres.

 – Dissection of the ureter is followed down to 
the posterior bladder wall, trying to leave a 
stump as short as possible.

 – Specimen must be placed in a bag with manip-
ulations as limited as possible to avoid rupture 
or spillage and then extracted though a 
Pfannenstiel incision.

Left kidney tumour resection follows similar 
strategy with few tactical variants:

 – The main anatomical landmark of the renal 
vein is the splenic vein. The spleen will be 
freed from its external peritoneal attachment. 
Lateral positioning of the child and gravity 
allow the spontaneous medial fall of the 
spleen, unveiling the posterior aspect of the 
pancreas tail. The splenic vein is then fol-
lowed and usually leads to the left renal vein 
at its crossing the anterior aorta.

 – The adrenal gland will be resected en bloc in 
the majority of left WT (as opposed to right 
tumours), as the left renal vein will often have 
to be ligated close to the IVC, therefore 
occluding the main adrenal venous flow.

 – Following the left side of the aorta proximally, 
attention must be paid to move away from the 
adventitial plane and go laterally to the dia-
phragm left crus

59.6  Postoperative Care

Bladder catheter can be removed at the end of the 
procedure or left indwelling in case of postopera-
tive IV administration of morphinic analgesia. 
Nasogastric tube can be removed at the end of 
surgery, and the patient kept nil by mouth for 
12–24  h. Infiltration of scars with local anaes-
thetic or placement of catheter for postoperative 
continuous instillation of Naropin within the 
Pfannenstiel incision can be a useful adjunct.

59.7  Outcomes

Few series [3–6] have investigated the outcomes 
of laparoscopic WT resection, since its first 
description by RJ Duarte et al. in 2004. The same 
Brazilian group provide long-term update of their 
series [4], with limited complications and favour-
able oncological outcomes. Of note, they observed 
a rate of 8% microscopic residual disease, within 
a highly selected subgroup of tumours deemed 
amenable to complete resection. In the multicen-
tric French experience [5], similar favourable out-
comes were reported, without any case of tumour 
rupture, spillage, or microscopic residue.

One important question remains the actual 
proportion of WT safely amenable to laparo-
scopic resection. The Brazilian pioneer group 
reported that laparoscopy was performed in 40% 
of the newly diagnosed case during the study 
period. Similarly, we retrospectively assessed 
theoretical feasibility of MIS following SIOP- 
RTSG criteria among a series of 100 consecutive 
unscreened WT [7] and observed a similar figure 
of 38%. Although it is likely that more cases 
could be amenable to safe resection with laparos-
copy, it remains crucial that initial experience 
with MIS be conducted following the SIOP- 
RTSG criteria. One must admit that theoretical 
benefits of minimally invasive surgery (cosmesis, 
postoperative comfort, fewer bowel adhesions) 
should not result in jeopardizing the excellent 
oncological outcome.

References

 1. Pritchard-Jones K, Shannon R, Hutton C, Stevens S, 
Machin D, et al. Immediate nephrectomy versus pre-
operative chemotherapy in the management of non- 
metastatic Wilms’ tumour: results of a randomised 
trial (UKW3) by the UK Children’s Cancer Study 
Group. Eur J Cancer. 2006;42(15):2554–62.

 2. Shamberger RC, Guthrie KA, Ritchey ML, Haase 
GM, Takashima J, Beckwith JB, D’Angio GJ, Green 
DM, Breslow NE.  Surgery-related factors and local 
recurrence of Wilms tumor in National Wilms Tumor 
Study 4. Ann Surg. 1999;229(2):292–7.

 3. Duarte RJ, Dénes FT, Cristofani LM, Giron AM, Filho 
VO, Arap S.  Laparoscopic nephrectomy for wilms 
tumor after chemotherapy: initial experience. J Urol. 
2004;172(4 Pt 1):1438–40.

M.-D. Leclair



433

 4. Duarte RJ, Cristofani LM, Filho VO, Srougi M, 
Dénes FT.  Videolaparoscopic radical nephrectomy 
after chemotherapy in the treatment of Wilms’ tumor: 
long-term results of a pioneer group. J Pediatr Urol. 
2017;13:50e1–5.

 5. Varlet F, Petit T, Leclair MD, Lardy H, Geiss S, 
Becmeur F, et  al. Laparoscopic treatment of renal 
cancer in children: a multicentric study and review of 
oncologic and surgical complications. J Pediatr Urol. 
2014;10:500e5.

 6. Warmann SW, Godzinski J, van Tinteren H, Heij 
H, Powis M, Sandstedt B, et  al. Minimally inva-

sive nephrectomy for Wilms’ tumor in children—
data from SIOP 2001. Surgical Panel of the SIOP 
Renal Tumor Strategy Group. J Pediatr Surg. 
2014;49:1544–8.

 7. Héloury Y, Floret A, Pellier I, Renaudin-Autain K, 
Quere MP, Thebaud E, Leclair MD.  Nephron spar-
ing surgery for unilateral unscreened Wilms tumour: 
how often is it feasible ? In: 47th congress of the 
International Society of Paediatric Oncology, Cape 
Town, South Africa; 2015.

59 Laparoscopic Resection of Wilms’ Tumours



435© Springer Nature Switzerland AG 2019 
C. Esposito et al. (eds.), ESPES Manual of Pediatric Minimally Invasive Surgery, 
https://doi.org/10.1007/978-3-030-00964-9_60

Laparoscopic Mitrofanoff 
Procedure

Alaa El-Ghoneimi, Matthieu Peycelon, 
and Annabel Paye-Jaouen

60.1  Introduction

The continent cystostomy technique was first 
described by Mitrofanoff in 1980 and originally 
applied to children with neurological disorders 
[1]. It consists in fashioning a catheterizable 
channel with a flap-valve continence mecha-
nism, in order to be both continent to promote 
storage and accessible to allow emptying. This 
method allows an alternative procedure for 
patients with urethral disease (congenital or 
acquired after surgery: exstrophy-epispadias 
complex) or for those with neurological disabili-
ties who are unable or unwilling to access the 
urethral meatus. Indications for the procedure 
are varied: it may be used as isolated procedure 
for clean intermittent catheterization (CIC) or 
associated with bladder augmentation and 
another bladder surgery.

The potential benefits of the laparoscopic 
approach include decreased postoperative pain, 
shorter hospital stay, and improved cosmesis 
[2]. In recent years, few published papers have 
reported their experience and transition from 
laparoscopic- assisted to fully laparoscopic 
Mitrofanoff and lastly with robotic-assisted 

procedures, with variable results in regard to 
efficacy and feasibility [3–8].

In this chapter, we will describe the Mitrofanoff 
procedure without bladder augmentation done by 
standard laparoscopic technique.

60.2  Preoperative Preparation

The most important preparation for these chil-
dren is the education for CIC. Children are man-
aged along with their parents by the educational 
team (specialized nurse, psychologist); the pedi-
atric urologist confirms the indication when the 
family and the child are aware perfectly of all the 
details and the technique.

No specific diet or preparation for these chil-
dren is needed. In cases of neurogenic bladder 
associated with bowel dysfunction, an evacuation 
enema is done the night before. Preoperative 
flash antibiotics are given routinely.

60.3  Positioning

The patient is placed in the supine position. A 
Foley catheter is inserted in the sterile field.

The patient is placed in a Trendelenburg posi-
tion after the placement of trocars.

The surgeon is standing on the left side in 
elder children. In young children (under 6 years, 
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which is rare for this indication), the surgeon may 
stand behind the head of the patient.

60.4  Instrumentation

Trocars: 5 mm (reusable or single use)
Laparoscope: 5 mm, 30°
All standard laparoscopic instruments 5  mm: 
grasping atraumatic, scissors, needle holder
Coagulation devises: Monopolar hook, bipolar
3 mm instruments: One trocar, needle holder (see 
tips and tricks)

60.5  Technique

The procedure is done following the already 
described technique [7]. The procedure is per-
formed using a transperitoneal four-port 
approach. A 30-degree down camera angle is 
optimal for viewing the appendix and the poste-
rior wall of the bladder. A 5  mm laparoscopic 
camera port is placed on the Medline through an 
open technique, halfway between the umbilicus 
and xiphoid. Three additional ports are placed in 
the right and left hypochondrium and right lower 
quadrant (Fig. 60.1).

The appendix is harvested, using bipolar 
coagulation, with preservation of the vascular 
supply and ligated at its base, by 2-0 Vicryl (poly-
glactin 910) using laparoscopic intracorporeal 

free-hand knot-tying technique; the base is left 
intact with the cecum.

Attention is then turned to the implantation of 
the appendix into the bladder. The bladder is 
filled to keep it distended. Using a monopolar 
hook, a 5  cm vertical seromuscular incision is 
created along the posterior wall of the bladder, 
down to the mucosa (Fig. 60.2).

A trial with two forceps is carried out to posi-
tion the appendix in the most suitable way between 
the posterior wall of the full bladder and the umbi-
licus. A decision is taken according to the best 
suitable way either the base or the tip of the 
appendix to be sutured to the bladder. Mobilization 
of the appendix mesentery is done with care to 
keep the mesentery wide without twisting.

In most of our cases, the base of the appendix 
was chosen for the bladder anastomosis. The 
proximal 10 mm of the appendix are excised and 
then spatulated over 1 cm by sharp scissors with-
out coagulation.

A small cystostomy is created at the caudal 
apex of the detrusor muscle trough: the bladder 
mucosa is incised approximately 1 cm in length. 
Appendicovesical anastomosis is then performed 
circumferentially with two running sutures (5-0 
PDS polydioxanone, 3/8 circle needle). The first 
caudal suture between the appendix and the blad-
der mucosa also includes the detrusor muscle to 
fix the caudal part of the anastomosis and stabi-
lize the anastomotic line during suturing 
(Fig.  60.3). After completing the anastomosis, 
the appendix is placed in the newly prepared 

Fig. 60.1 Trocars placement and 1-year postoperative 
aspect: 5 mm camera (1), 5 mm operating trocars (2, 3, 4), 
umbilicus stoma aspect Fig. 60.2 Posterior wall detrusotomy
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detrusor muscle trough, and the seromuscular 
layer of the bladder is closed over the appendix. 
To avoid compression of the mesentery, the 
sutures are done through the mesentery under 
laparoscopic vision, using interrupted 4-0 Vicryl, 
thus creating an antireflux mechanism. The win-
dow between the appendix and the peritoneum 
was closed to avoid internal hernia (only feasible 
in case of wide mesentery) (Fig. 60.4).

Care is taken to ensure absence of twisting or 
tension on the appendiceal mesentery. The tip of the 
appendix is brought up to the umbilicus (Fig. 60.5). 
Any extra length of the appendix is excised to 
obtain a straight channel without kinking. The 
appendix is then spatulated and anastomosed to the 

umbilicus using interrupted 5-0 PDS. Careful sharp 
dissection without coagulation is done to free the 
umbilical flap without ischemia of the skin. Neither 
the appendix nor the bladder is fixed to the abdomi-
nal wall.

The tightness of the bladder anastomosis is 
tested by bladder filling. Continence and ease of 
catheterization are checked and confirmed intra-
operatively, after which a feeding tube (CH12) is 
inserted through the appendiceal conduit into the 
bladder, secured to the periumbilical skin with a 
suture and left indwelling for 2 weeks. The blad-
der is also drained by an indwelling urethral cath-
eter. No abdominal drains are left.

60.6  Postoperative Care

Standard intravenous analgesics are given accord-
ing to pain management protocol. No locore-
gional anesthesia (epidural catheter were used in 
our experience).

The child is discharged when no further need 
for IV analgesics.

The Mitrofanoff catheter was removed after 
15  days, and CIC was then started. The initial 
training was done on outpatient clinic bases.

60.7  Results

Feasibility: The rate of conversion to open sur-
gery is quite low (0–20%) and reported at the 

Fig. 60.3 The base of the appendix is anastomosed to the 
caudal end of the tunnel (interrupted arrow). The cranial 
end is retracted by a traction suture to facilitate the anas-
tomosis (full arrow). D detrusor

Fig. 60.4 The mesentery of the appendix is sutured to the 
pelvis peritoneum to avoid internal hernia

Fig. 60.5 The final aspect of the extra-mucosal tunnel, 
the appendix is extracted through the umbilicus
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beginning of experience. The main reasons for 
conversion to an open procedure are:

 1. Tearing of the bladder mucosa: this happens 
either during the creation of the tunnel, in the 
begining of our experience using the Hook 
harmonic scalpel, or during suturing.

 2. The appendix is unsuitable for diversion: 
either by extensive dissection of the mesen-
tery or more exceptionally the inadequate 
size.

The median operative time and hospital stay: 
In published series, the reported mean operative 
time is variable between 3 and 6 h. In our own 
experience, the median operative time is 4 h. No 
patient had anastomotic leakage. The reported 
median hospital stay is between 3 and 6  days, 
depending on the associated morbidity and other 
surgeries [4, 7, 8].

60.7.1  Early Complications

We did not observe any anastomotic leak, proba-
bly due to the efficient urine drainage by two 
catheters for 15 days.

60.7.2  Med- and Long-Term 
Complications

 1. Stenosis: Stenosis may develop either at the 
stoma level or at the bladder level. In our 
experience we did not observe this complica-
tion. We believe that stenosis is an ischemia 
complication either from the skin flap or the 
appendix. Careful dissection of the appendix, 
without excessive coagulation, is certainly an 
important factor to prevent ischemia. Handling 
the skin flaps with care without excessive 
coagulation and mobilization is also an impor-
tant factor.

 2. Continence: Continent stoma is a challenging 
result and must be achieved for these patients. 
The rate of reported of incontinent stoma is 
still high.

In our initial experience, after a median fol-
low- up of 18 months, none had stoma stenosis, 
and self-catheterization was easy.

Seven patients were continent; five experi-
enced urinary leakage from the urethra and/or 
stoma. Stomal leak was observed within the first 
postoperative month. Three patients with stomal 
urinary leakage were successfully managed by 
Deflux (dextranomer-based implants) injection in 
the catheterizable channel. Two patients required 
an open revision of the appendicovesical anasto-
mosis. The bladder access was easy with no adhe-
sions on the anterior wall of the bladder. The 
patient with both stomal and urethral urinary leak-
age also required the implantation of an artificial 
urinary sphincter 1.5 years after the Mitrofanoff 
procedure. The other patients never underwent 
additional surgery (bladder or urinary tract) since 
the initial operation. Among the three converted 
patients, one was lost to follow-up, another has 
been augmented 3 years after the Mitrofanoff, and 
the third is doing well. In our current experience 
with additional ten cases (unpublished data), our 
incontinent stoma rate is 20%.

60.8  Tips and Tricks

For the last cases of the series (after the publica-
tion), some modifications were done because of 
the high rate of conversion due to early opening 
of the mucosa (harmonic hook) or difficult 
anastomosis.

 1. Five millimeter trocars were used to change 
the 5 mm, 30° laparoscope position from the 
left to right subcostal area to better visualize 
the anastomosis.

 2. 3 mm trocar: to optimize fine suturing during 
the anastomosis, we prefer 3  mm needle 
holder, so during the anastomosis, we insert a 
3 mm trocar inside the 5 mm trocar to allow 
the temporary use of 3 mm instrument.

 3. Use thread to measure exactly the length of 
the tunnel.

 4. The anastomosis was suspended at its two 
ends during suturing. Transabdominal traction 
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suture of the bladder was inserted for better 
exposure of the anastomosis (hitch stitch) and 
to stabilize the anastomotic line during sutur-
ing (Fig. 60.2).

 5. A monopolar hook was used to cut the detru-
sor muscle fibers, to avoid an incidental open-
ing of the mucosa.

 6. The window between the appendix and the 
peritoneum was closed to avoid internal her-
nia (only feasible in case of wide mesentery) 
(Fig. 60.4).

60.9  Discussion

The laparoscopic Mitrofanoff approach, although 
challenging, replicates the open surgical 
approach. We have already shown its feasibility 
and the need for further refinement to improve 
efficacy, for the management of patients with sig-
nificant bladder dysfunction [7].

The optimal approach for lower urinary tract 
reconstruction is currently still to be defined. The 
conventional approach to a pediatric reconstruc-
tive procedure is open surgery using either a 
lower midline or Pfannenstiel incision. In recent 
years, several investigators have successfully 
incorporated laparoscopic and robotic-assisted 
approaches to reconstruct the lower urinary tract. 
Intracorporeal suturing is a technically demand-
ing task that requires a significant amount of 
experience and surgical skill specifically when 
the suturing is located in the pelvic area.

These reports generally involve laparoscopic- 
assisted surgery that allows for mobilization of 
bowel segments, such as a high cecum, com-
monly seen in patients with myelomeningocele, 
followed by technically demanding reconstruc-
tion procedures by open surgery via a small inci-
sion. Chung et  al. [2] reported 31 consecutive 
patients who underwent laparoscopic-assisted 
reconstructive surgery for continent stomas (ante-
grade continence enema or Mitrofanoff). 
Laparoscopy was used for lysis of adhesions, 
mobilization of colon, and/or harvesting the 
appendix. Jordan and Winslow [9] described a 
laparoscopic-assisted appendicovesicostomy: the 

appendix and right hemicolon were mobilized 
laparoscopically, and the appendicovesical anas-
tomosis was completed through a Pfannenstiel 
incision.

The first laparoscopic application of the 
Mitrofanoff principle was reported by Strand 
et al. [10], who did a nephrectomy and creation 
of a cutaneous ureterovesicostomy using a trans-
peritoneal laparoscopic approach.

Hsu and Shortliffe [8] performed the first fully 
LMA in an 11-year-old girl.

Two groups have published their preliminary 
experience of LMA in children [4, 5]. These 
series demonstrate the safety and feasibility of 
the procedure, using either the anterior or the 
posterior approach.

Since then, further reports have appeared in 
the pediatric literature describing appendicovesi-
costomy using the da Vinci robotic system [11–
13], laparoscopic ileocystoplasty, robotically 
assisted laparoscopic ileocystoplasty, and 
Mitrofanoff appendicovesicostomy.

Certainly, the anastomosis is a difficult step 
especially as it is carried out on the most poste-
rior and deepest part of the tunnel. The use of a 
robotic system is likely to make appendicovesical 
anastomosis easier and decrease the operative 
time.

The Chicago group of Gundeti reported the 
first case of complete intracorporeal robotic- 
assisted LMA with augmentation ileocystoplasty 
in a pediatric patient, and his group recently 
reported their experience in eight children with 
an anterior extravesical approach for isolated 
appendicovesicostomy and in 12 children with 
intravesical posterior bladder approach when 
concomitant enterocystoplasty was done [13].

To date, outcomes seem at least equal to those 
of traditional open approaches. In our experi-
ence, the laparoscopic approach was feasible in 
cases after previous abdominal surgery.

Among the potential benefits of a laparoscopic 
approach in young patients is decreased adhesion 
formation. Although follow-up is too short to 
comment on the impact of adhesion prevention in 
this series, there is ample evidence in the litera-
ture to suggest that long-term morbidity or future 
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surgical complications related to abdominal 
adhesions should be minimal.

Beyond simply avoiding a large abdominal 
incision, thereby reducing postoperative pain and 
shortening the convalescent period, we believe 
that laparoscopy avoids the large dissection of the 
bladder necessary for its mobilization in open 
surgery. We found this of particular interest in 
this special group of patients, where the indica-
tion for future bladder augmentation was not 
excluded. In our current practice, we discuss 
bladder augmentation only in cases with prior 
treatment by CIC and anticholinergics. The lapa-
roscopic approach in these patients does not need 
any bladder mobilization and leaves the anterior 
bladder wall free for any future bladder surgery.

We have chosen for the same reason to anas-
tomose the appendix on the posterior wall of the 
bladder, to keep its anterior wall free for any fur-
ther surgery. This choice was probably the 
source of difficulty to achieve the appendico-
vesical anastomosis. The depth of the field made 
suturing a challenging step. This difficulty was 
the reason for conversion in three cases. Our 
modification of the suturing step, by keeping a 
traction suture on each end of the anastomosis, 
allowed us to complete successfully the recent 
cases.

Badawy et  al. [4] described their experience 
with successful fully laparoscopic approach. 
They did their first case doing the posterior wall 
anastomosis but changed to anterior wall anasto-
mosis to ease the laparoscopic approach. We still 
believe that the anterior wall anastomosis is not 
the optimal anastomosis for an isolated 
Mitrofanoff procedure as it may reduce the 
potential benefits of the laparoscopic approach.

We have chosen not to use the umbilical site 
for the laparoscope trocar but to use a separate 
incision away from the umbilicus. This has added 
an extra incision, which may be considered as a 
reduction in cosmetic advantage. Nevertheless, 
we believe that the stoma site (umbilicus in our 
experience) should be kept only for the stoma 
anastomosis to avoid any skin trauma during the 
procedure. The choice of stoma site between 
umbilical and right iliac fossa is a question of sur-
geon’s preferences as in open surgery.

However, choosing to perform a purely lapa-
roscopic approach to lower urinary tract surgery 
in pediatric patients is uncommon, given the 
steep learning curve. In our experience the anas-
tomosis remained the most difficult part of the 
surgery in spite of our large experience in recon-
structive laparoscopic surgery.

In our early experience, we had the major 
complication of incontinent stoma in 5 patients 
(33%). In the paper by Leslie et al. [14], at least 
one subsequent surgical revision was performed 
in 39% of patients. Indications for surgical revi-
sion included stoma stenosis (at skin level) in 
17% of patients, stricture in 8%, incontinence in 
10%, and prolapse in 4%. This incontinence is 
poorly tolerated by the patients and their fami-
lies as its management in daily life is compli-
cated, thus reducing dramatically the benefits of 
the surgery for the patient. We have looked 
carefully at the details of the procedures for 
these children (recorded movies). One of them 
did not have fixation of the caudal end of the 
anastomosis to the detrusor muscle; probably 
the traction of the appendix to the umbilicus 
mobilized the appendix and significantly 
reduced the submucosal tunnel. For isolated 
stomal leakage, initial management with dex-
tranomer/hyaluronic acid injection is favored, 
which is often successful with one or more 
treatments. Three patients had improved conti-
nence after Deflux injection associated with 
anticholinergics. Nevertheless, two children 
acquired a continent stoma after surgical revi-
sion. During redo surgery, it was clear that the 
tunnel was inexistent [15]. In our current prac-
tice for open surgery, we do not fix the bladder 
to the abdominal wall, and maybe the lack of 
this fixation together with the absence of fixa-
tion of the anastomosed appendix to the detru-
sor resulted in excessive traction on the appendix 
and shortening of the antireflux tunnel.

In the reported series with excellent results 
(100% continent stoma), these are bladders with 
high compliance and not hyperactive, such as 
prune belly bladders [13].

In other published series, the stoma conti-
nence rate is higher than in our series. Nguyen 
et al. [12] have reported nine patients fully done 
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by robotic. In their series 2 of 9 (22%) had 
incontinent stoma and needed bladder augmen-
tation in 1.

Gundeti et al. [8] reported the functional and 
perioperative outcomes of a multi-institutional 
cohort of pediatric patients who underwent 
robotic-assisted laparoscopic Mitrofanoff. This 5 
North American centers’ study included 88 chil-
dren (17% had concomitant bladder augmenta-
tion, and 39% had bladder neck surgery). The 
3-month rate of stoma incontinence was 15%. 
Mitrofanoff only procedure was done in 33 
patients in 320 min (248–360).

To improve the efficacy of the antireflux 
mechanism, we suggest the following parame-
ters: (a) suture the anastomotic line not only to 
the mucosa but also to the detrusor muscle to 
avoid excessive traction on the bladder mucosa; 
(b) suture the bladder to the abdominal wall, if 
the surgeon observes excessive traction; and (c) if 
it is possible according to the mesentery axes, the 
choice of the apex of the appendix for the bladder 
anastomosis would be easier to incorporate on 
the tunnel than the base of the appendix.

A limitation of the published studies is that 
they were carried out in a small number of chil-
dren with different pathology and it could not be 
compared to an age-matched group of children 
with comparable bladder pathology. Moreover, in 
a life-lasting conduit, short-term follow-up 
reports are far behind reality especially for conti-
nence rate and stoma stenosis. In fact, the indica-
tion for this procedure in children without bladder 
augmentation is rare, and the learning curve is 
long because of the technical challenges.
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MIS Management of Posterior  
Urethral Valves (PUV)

Vincenzo Di Benedetto, Carmela Arena, 
and Maria Grazia Scuderi

61.1  Introduction

Posterior urethral valves (PUV) are the most 
common cause of bladder outlet obstruction in 
children. They occur in 1/5000–25,000 live 
births and constitute 10% of urinary obstruction 
diagnosed in utero [1–4]. PUV are associated 
with high fetal and neonatal mortality (30%) and 
considerable lifelong morbidity. The morbidity 
is related to the congenital obstruction of the 
urinary tract at the critical time in organogenesis 
which may have a profound and lifelong effect 
on kidney, ureter, and bladder function [4]. In 
severe cases, the disorder can lead to anhydram-
nios and pulmonary dysplasia during the cana-
licular phase of lung development. Mortality is 
related to ongoing renal damage in children.

61.2  Voiding Cystourethrography 
Imaging

The gold standard for postnatal diagnosis is 
voiding cystourethrography (VCUG), while pre-
natal diagnosis is dependent on routine screening 
ultrasonography. The diagnosis of PUV is some-
times difficult because of its wide spectrum in 

terms of severity and morphology. The most 
typical PUV is presented in neonates with his-
tory of prenatal bilateral hydronephrosis or in 
infants with acute pyelonephritis associated with 
massive vesicoureteral reflux (VUR). This group 
of PUV is easy to be diagnosed by typical find-
ings in voiding cystourethrography (VCUG). 
More than half of the patients with PUV will 
have VUR at the time of diagnosis (Fig.  61.1) 
[2]. Secondary VUR may be difficult to detect in 
ordinary imaging studies because it does not 
present with conventional findings, such as dila-
tation of posterior urethra. Dilatation of posterior 
urethra is often transiently observed during the 
voiding phase of VCUG, or such dilatation may 
be totally absent, but segmental narrowing of the 
bulbomembranous urethra may be a single 
abnormality. Others abnormal urethral findings 
are transient urethral kink or angulation of the 
membranous urethra. It is crucial to take serial 
photographs during voiding to make an accurate 
diagnosis. Until recently there has been no refer-
ences standard based on findings in VUCG and 
endoscopy [5].

61.3  Endoscopic Classification 
of PUV

Although Young’s classification of PUV is well 
known, Douglas Stephens added a more precise 
explication for each type of Yong’s classification 
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in 1996. Stephens’ detailed explanation is con-
sidered to be the most useful and easily 
 understood in regard to structural characteristics 
based on embryology (Table 61.1). There are two 

main types of PUV: type 1 and type 3. Type 2 
was originally defined by Young in 1919 but was 
later considered an overclassification. Type 4 is 
rare [5].

Fig. 61.1 Massive RVU 
in VCUG

Table 61.1 Douglas Stephens’ description of PUV

Type Embryology Shape
Orientation to 
urethral axis

Continuity to 
verumontanum Verumontanum

Inferior 
crest

1 Originate from 
abnormally located 
Wolffian duct orifices

Valvular Oblique Continuous Big Thick 
fin like

2 Overestimation or 
overclassification

– – – – –

3 Originate from persistent 
urogenital membrane

Membrane or 
diaphragm

Transverse No Small Very 
fine

4 ? Deep infold of 
anterior and 
anterolateral walls

Transverse No – –
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61.4  Management

The most common therapy for antenatal bladder 
outlet obstruction remains pregnancy termination 
[4]. Despite being introduced over 25 years ago, 
literature regarding antenatal intervention con-
sists of case reports and small series. There was 
initial enthusiasm for fetoscopic ablation of 
VUP. However, therapeutic effectiveness of fetal 
cystoscopy compared with shunting has not been 
proven [4, 6]. Fetal valve ablation risks urethral 
and adjacent organ injury because laser energy 
can travel posteriorly [7].

In a full-term baby, the standard of care for 
PUV is cystoscopic valve incision. The current 
methods of incision include electrocautery inci-
sion, cold-knife incision, and laser fulguration 
[3, 4]. In infants with extremely low birth 
weight, the urethra might be too small to admit 
cystoscopy equipment safely. Long-term cathe-
ter drainage is inadvisable because of the risk of 
candidaemia. Rather than risking stricture with 
cystoscopic instrumentation, these babies 
should either undergo open vesicostomy or the 
rarely used Fogarty balloon valve ablation under 
fluoroscopic guidance [3]. Patients with severe 
disease often require multiple surgical interven-
tion and may develop long-term complication, 
including urinary incontinence and loss of renal 
function [4].

61.5  Preoperative Preparation

All parents have to sign a specifically informed 
consent before procedure.

Anesthesia is general but it is possible to do 
valve resection in spinal anesthesia.

All patients receive antibiotic prophylaxis 
with i.v. ceftriaxone and gentamicin.

61.6  Positioning

The patient is placed in gynecological position. 
Surgeon’s position is at the feet of the patient and 
the monitor is on the left of the surgeon.

61.7  Instrumentation

We use a 9.5 Fr pediatric cystoscope (Storz). We 
performed valve resection using a point electro-
cautery via a 3  Fr ureteric catheter with metal 
stylet passed through the cystoscope.

61.8  Technique

After filling the bladder with saline solution, we 
perform the urethro-cystoscopy using a 9.5  Fr 
cystoscope. After identifying the valves, a 3 Fr 
ureteric catheter is passed through the channel 
of the cystoscope, and electro-fulguration is 
performed. Fulguration is done mainly at 5, 7, 
and 12 o’clock position. For type 1 PUV, a 
major incision is made on the membranous 
lesion at the 12 o’clock position, and an addi-
tional incision was made if necessary on any 
valvular lesion in the 5 or 7 o’clock position 
(Fig. 61.2a, b). For type 3, an incision is made 
on the membranous lesion in the 12 o’clock 
position (Fig. 61.3). For both types, the incision 
on the membranous lesion in the 12 o’clock 
position is long and deep enough for complete 
excision.

The adequacy of the fulguration is confirmed 
intraoperatively by gentle pressure on the bladder 
with cystoscope positioned just distal to the veru-
montanum to look for the absence of valvular 
obstruction. Another method to check for ade-
quacy of fulguration may be to observe the uri-
nary stream by Crede maneuver with patient 
under anesthesia. The urethral catheter is placed 
after procedure.

61.9  Postoperative Care

The postoperative therapy included i.v. antibiot-
ics (ceftriaxone and gentamicin) and paracetamol.

A small-size Foley urethral catheter is left in 
situ. Patients are discharged with an indwelling 
catheter the day after procedure, and they return 
10  days after discharge to have a VCUG and 
remove the catheter.
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61.10  Results

The timing of valve ablation varies according to 
age at presentation.

Successful voiding and improvement of 
stream are considered as the criteria of successful 
treatment.

Follow-up includes ultrasonography (US) to 
look for resolution of hydroureteronephrosis 

(HUN) at 2 weeks and 3 months after treatment, 
VCUG to look for the resolution of VUR and 
valve remnants at 3 and 6 months after treatment, 
and DTPA renal scan to evaluate renal function at 
12  months. Urodynamic study is performed in 
selected patients.

Repeat cystourethroscopy is performed in 
patients who continue to have obstructive voiding 
at VCUG, persistence or deterioration of bilateral 
HUN, no decrease in posterior urethral dilatation, 
presence of valve remnants, non-resolution of 
bilateral VUR, and no improvement in renal func-
tion or new-onset renal insufficiency. Re-fulguration 
is performed in boys with valve remnants.

Complications after valve ablation reported in 
literature are in 5–25% of cases. Stricture forma-
tion occurs infrequently ranging from 0 to 25% 
and can be treated successfully with visual inter-
nal urethrotomy (VIU).

Up to 80% of VUR will resolve after valve 
ablation [3, 8]. Downgrading or resolving VUR 
and/or improvement in upper tract dilatation may 
be considered as indirect signs of urinary tract 
decompression. However, despite successful 
valve ablation, VUR and HUN may persist. 
Hence, VUR is expected to resolve after the 
release of urethral obstruction. Spontaneous reso-
lution rates range between 27 and 79% at 2 weeks 
to more than 1  year following valve ablation. 
Some reflux can take as long as 3 years [2].

Fig. 61.3 Incision at the 7 o’clock position for type 3 
PUV

a b

Fig. 61.2 (a) Incision at the 7 o’clock position for type 1 PUV. (b) Incision at the 5, 7, and 12 o’clock position for type 
1 PUV

V. Di Benedetto et al.
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Those children with persistent upper tract 
dilation may have bladder emptying problems 
related to valve bladder syndrome or have a large 
urine output as a result of renal tubular damage, 
residual infravesical obstruction, or, rarely, ure-
terovesical junction obstruction [2].

Notwithstanding surgical relief of urethral 
obstruction, ongoing bladder dysfunction is a 
cause of morbidity and a potential threat to 
upper tract function. The prevalence of bladder 
dysfunction has been estimated to be 75–80% in 
boys studied urodynamically after PUV ablation 
[9]. A small, contracted bladder in infancy that 
progresses to a large capacity, poorly compliant 
bladder, often found in the presence of persis-
tent upper tract dilatation and nephrogenic dia-
betes insipidus, has been termed valve bladder. 
This can create a self-injurious cycle, with per-
sistent dilatation leading to a renal concentrat-
ing defect and creating more work for bladder at 
risk of muscular failure. Regular urodynamic 
monitoring is crucial in the management of 
these patients.

Abnormal renal development persists into 
childhood and adolescence: 30–42% of patients 
develop end-stage renal failure, making VUP the 
most common cause for pediatric renal transplan-
tation [3].

61.11  Tips and Tricks

Early endoscopic resection of the valves has 
advantage, regarding bladder function, over long- 
term diversion. Small instruments are used to 
avoid urethral damage.

We try to minimize fulguration time and to 
avoid excessive deep fulguration for the risk of 
current injury to surrounding corpus spongio-
sum. We don’t use loop resectoscope for risk of 
urethral strictures.

61.12  Discussion

The major goals in treatment of PUV are restora-
tion of bladder voiding function, control of infec-
tions, preservation of renal function, maintenance 

of continence, and elimination of obstruction and 
VUR.

Several opinions for surgical management of 
infants with PUVs are available, and the main-
stay of treatment is primary valve ablation 
[10–12].

Currently, surgeons have better instruments to 
treat valves endoscopically using different 
modalities under direct vision, with minimal 
incidence of complications [10, 13].

Various techniques of valve ablation were 
used: hot loop resectoscope, cold-knife urethro-
tome, hook diathermy electrode, Bugbee elec-
trode, and Fogarty catheter.

Prevention of urethral stricture after valve 
ablation depends on many factors. These include 
gentle surgical technique, avoidance of oversized 
instrumentation in a small caliber urethra, mini-
mizing fulguration time, avoiding excessive and 
deep fulguration, fulguration under direct vision, 
shortening the duration of preoperative catheter-
ization, and use of nonreactive small-sized cath-
eters. [10].

Bladder and renal function are often unstable 
and usually change during life, requiring lifelong 
monitoring.

It was found that neonatal valve ablation 
would protect the bladder functions and allow 
normal bladder cycling and healing. This under-
scores the importance of routine prenatal screen-
ing and early intervention for the valves. These 
findings suggest that the long-term prognosis of 
PUV might be improved by prenatal diagnosis 
[6, 14].

VUR and UTIs are not associated with worse 
renal outcomes, although these parameters remain 
vital in guiding treatment and may influence the 
number of surgeries a patient undergoes. Further 
investigation and longer follow-up are needed to 
identify patients at risk for late progression to 
CKD or end-stage renal disease (ESRD) [4].

Large retrospective studies of people with 
posterior urethral valves (PUV) have reported 
chronic renal insufficiency (CRI) in up to one 
third of the participants and end-stage renal fail-
ure in up to one quarter of them. Nadir creatinine 
(lowest creatinine during the first year following 
diagnosis) is the recognized prognostic indicator 
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for renal outcome in PUV. Elevated nadir creati-
nine is the only independent risk factor for poor 
renal outcome as reported in literature [15].

The management of children with PUV is a 
continuous process that starts with the antenatal 
detection and early fulguration of the valves. The 
identification of the bladder dysfunction and its 
appropriate management will prevent the delete-
rious effects on the upper tracts and improves the 
long-term survival.
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Primary Obstructive Megaureter: 
Endourological Treatment

J. M. Angulo, A. Parente, B. Fernandez-Bautista, 
L. Burgos, and R. Ortiz

62.1  Introduction

Most patients with primary obstructive megaure-
ter (POM) only need conservative management 
since functional obstruction resolves spontane-
ously during the first months of life without 
renal function impairment or appearance of 
symptoms [1]. Surgical treatment is then 
reserved for those cases that develop progressive 
hydro- ureteronephrosis with urinary tract infec-
tions (UTI) and/or renal loss of function. 
However, its management and surgical options 
remain controversial. Ureteral reimplantation 
with or without ureteral tapering has been con-
sidered the gold- standard procedure for these 
patients, but in small infants, reimplantation of a 
huge ureter is challenging and leads to potential 
complications [2].

Endoscopic balloon dilation (EBD) of the ves-
icoureteral junction (VUJ) was first described by 
Angulo et al. in 1998 as initial approach of com-
plicated POM [3]. Since then several publica-
tions have shown that EBD is feasible, safe, and 
a less-invasive procedure in the initial manage-
ment of POM even for very young patients [4–7]. 

In recent years the interest has been focused on 
the long-term effectiveness of this procedure, 
being reported good outcomes that maintain in 
time, suggesting EBD as a valid option for defini-
tive treatment in POM [8–10].

In 2004 we established in our institution the 
EBD of the VUJ and temporary stenting as first 
surgical treatment in POM with surgical criteria. 
In this chapter we describe our experience with 
this technique, its results, its complications, and 
its outcomes after 100 treated cases.

62.2  Patients and Methods

One hundred of POM in 92 consecutive patients 
were treated by EBD between years 2004 and 
2016. A total of 79 POM in 73 patients (6 patients 
had bilateral POM) with more than 18 months of 
follow-up after treatment were retrospectively 
analyzed.

Diagnosis and management of POM were 
done according to the European guidelines and 
consensus statement of this entity. Primary 
obstructive megaureter was considered in those 
that presented progressive hydro- ureteronephrosis 
with distal ureter diameter greater than 10 mm, 
obstructive pattern on MAG3 renogram scan, and 
absence of vesicoureteral reflux on cystography. 
Nevertheless, not all of these patients needed sur-
gical repair (in our series only 13% of cases pre-
natally diagnosed). The indication for surgical 
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intervention was established in those with one or 
more of the following conditions (Table 62.1):

 – Breaking through febrile UTI in 30 cases 
(38%) despite antibiotic prophylaxis, with 
clinical scenario of pyonephrosis and sepsis in 
6 patients at time of treatment

 – Progressive worsening of hydro- 
ureteronephrosis with renal parenchyma thin-
ning in 29 cases (36.7%)

 – Impairment of renal function (differential 
renal function less than 40% at diagnosis or 
decreasing more than 10% during expectative 
surveillance) in 20 cases (25.3%)

62.2.1  Technique

Under general anesthesia and with antibiotic 
 prophylaxis, a cystoscopy with a 9.5 FG Storz 
cystoscope with 5F working channel is done. For 
some early cases of the series, we then performed 
retrograde pyelography before the dilation, using 
contrast through a 3 FG ureteral catheter.

A hydrophilic guidewire (0.014″ Choice 
PT™, J-tip, Boston Scientific) or (0.018″ 
Radiofocus® Terumo) is introduced through the 
VUJ, followed by the dilating balloon. The bal-
loons used were semi-compliant dilation cathe-
ters with a size of 3.1 F and a nominal diameter 
from 5 to 7  mm and 2  cm length (RX Muso™, 
Terumo). Then, the balloons are filled with radio-
logic contrast with their nominal pressure 
(14 atm) with a pressure inflation device, under 
direct and fluoroscopic control until the complete 
release of the stenosis. Figure 62.1 illustrates the 
typical endoscopic and radiology sequence of 
dilation images.

When successful dilation is done, the cysto-
scope is introduced through the distal ureter to 
assess the UVJ, and a double-J stent is left in situ 

Table 62.1 Indications for surgical treatment

Number of 
cases

UHN worsening + UTI 30 (38%)
UHN worsening with renal 
parenchyma thinning

29 (36.7%)

UHN worsening + impairment of DRF 14 (17.7%)
UHN worsening + UTI + imapairment 
of DRF

6 (7.6%)

79 POM

a b c

Fig. 62.1 Balloon inserted through right VUJ, endo-
scopic view and radiographic control. (a) Initial balloon 
inflation with the presence of stenotic ring; (b)  progressive 

dilation; (c) complete expansion of the balloon and disap-
pearance of the stenosis

J. M. Angulo et al.
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(3  Fr, 8–12  cm long, Sof-Flex Multi-Length 
Ureteral Stent, Cook Medical Europe™). After 
the procedure, a bladder catheter is placed during 
24 h to prevent complications (Fig. 62.2).

Double-J stents are removed at 4–6 weeks at a 
second cystoscopy. At this time the VUJ is cali-
brated by distal ureteroscopy. When the cysto-
scope could be introduced through the VUJ, it is 
considered a satisfactory result. If not, a new bal-
loon catheter is introduced and inflated to its 
nominal diameter to assess the VUJ diameter.

After several years performing this technique, 
we have done some modifications in order to 
achieve an easier and shorter procedure, avoiding 
unnecessary radiation in the majority of cases. 
Performing the retrograde ureteropyelography 
may be challenging due to the narrow ureteral 
meatus and may result in mucosal inflammation, 
edema, or bleeding. For these reasons in the last 
years, we are performing the balloon dilation 
without fluoroscopic control, only under cysto-
scopic vision. We then reserve retrograde pyelog-
raphy and fluoroscopic guidance for those cases 
in which we want to check the upper urinary tract 
anatomy, when dilation is being difficult or when 
we have problems placing the double-J stent. In 
the same way, we actually don’t try to reach the 
renal pelvis with the guidewire and the double-J 
catheter, which is left in the dilated ureter. 
Overcoming ureteral loops may be technically 
demanding and time-consuming and needs 
unnecessary radiation exposure for the baby.

62.2.2  Follow-Up

All children underwent a standard follow-up proto-
col after endoscopic treatment; this included a 
clinical review and US at 3, 6, 12, and 18 months 
and then annually and a MAG-3–furosemide reno-
gram scan at 6 and 18 months. Voiding cystoure-
thrography (VCUG) was performed only if patients 
presented UTI or persistent ureterohydronephrosis 
without obstruction at the renogram (Fig. 62.3).

62.3  Results

Median age at surgery was 4  months (0.5–44), 
with median operating time of 20  min (10–60) 
and median hospital stay of 1  day [1–7]. All 
patients had hospital admission of 24  h except 
three patients in whom the endoscopic approach 
was done at time of urinary sepsis with uretero- 
pyonephrosis, requiring further medical assis-
tance after the procedure.

There were no intraoperative complications in 
75 cases (94.9%). In the remaining 4 patients 
(5.1%), EBD could not be performed because of 
failure of the guidewire to pass through the VUJ 
in two cases (requiring open ureteral reimplanta-
tion) and unsuccessful dilation with false path in 
the other two cases (requiring temporary neph-
rostomy and posterior ureteral reimplantation).

Early perioperative complications occurred in 
6 cases (7.8%). Febrile UTI after endoscopic 

Fig. 62.2 Double-J stent placement after EBD of the VUJ
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 procedure or after double-J stent removement 
was reported in 5 (Clavien-Dindo 1). One patient 
presented ureteral double-J stent migration and 
developed early severe restenosis with pyone-
phrosis, requiring initial nephrostomy (Clavien- 
Dindo 3) and ureteral reimplantation weeks later.

Looking at US findings in patients who had 
successful initial endoscopic treatment (74/79), 

significant differences were observed in distal 
ureteral diameter before treatment, 15 mm range 
(10–23); at first postoperative US after endo-
scopic dilation, 10 mm (0–21); and in long term, 
5 mm (0–22) (p < 0.001 Wilcoxon test).

All patients had significant improvement in 
hydro-ureteronephrosis (p  <  0.05 T-test) except 
those who developed restenosis or high-grade 
secondary VUR during long-term follow-up. 
Initial renal function was preserved in all patients, 
with normalization of the renogram elimination 
curves.

Postoperative secondary VUR was found dur-
ing long-term surveillance in 17 cases (23%), 
being diagnosed in 12 after UTI and 5 after 
VCUG control for contralateral reflux. 
Subureteral endoscopic injection of Deflux™ 
(dextranomer copolymer in hyaluronic acid) was 
successful in 13 patients (76.4%) and failed in 4 
(23.6%) who finally needed ureteral 
reimplantation.

Long-term restenosis occurred in 9 cases 
(12.2%). A new EBD procedure was successfully 
done in 8 cases (88.9%) at a median postopera-
tive period of 9.5  months (5–63). Only one 
patient developed recurrent restenosis and finally 
required ureteral reimplantation.

Endoscopic approach of POM including endo-
scopic balloon dilation of the VUJ and endo-
scopic management of 2° VUR had a long-term 
success rate of 87.3% (69/79) with a median fol-
low- up of 5.6 years (1.5-13-5). Endoscopic man-
agement of POM failed in 10 cases (12.7%) that 
finally required ureteral reimplantation (see 
Figs. 62.4 and 62.5).

Single endoscopic
balloon dilation (n=48)

60.8%

Success rate of endoscopic
treatment (n=69) 87.3%

Endoscopic management 
of 2° VUR (n=13)

16.4%

Endoscopic dilation in
re-stenosis (n=8)

10.1%

Fig. 62.4 Successful 
endoscopic management 
of POM

POM with surgical criteria

Endoscopic Balloon Dilation

1-2 months

3 months

6 months

12 months

18 months

Annually

JJ Stent remove and 
ureteroscopy

Renal US

MAG-3
Renal US

MAG-3
Renal US

Renal US

Renal US

Fig. 62.3 Follow-up protocol
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If we obviate secondary VUR and focus on the 
final result of EBD as treatment for ureteral 
obstruction, the long-term result for normaliza-
tion of ureteral drainage and preserving renal 
function was 92.4% (73/79).

In 12 cases an ipsilateral paraureteral diver-
ticulum coexisted with the POM. Ten of them 
were successfully treated by EBD showing 
good outcomes in long term; nevertheless, ure-
teral reimplantation was required in two cases 
(one persistent VUR and the case of recurrent 
restenosis).

62.4  Discussion

It is well known that POM resolves spontane-
ously in more than 70% of cases without 
impairment in renal function. However, there is 
a small group of patients who are going to 
 present a progressive hydro-ureteronephrosis 
 worsening with appearance of infectious com-
plications and/or deterioration in renal func-
tion. These patients benefit from surgical 
treatment, which is usually indicated in the first 
months of life [1, 11].

Ureteral reimplantation with or without ure-
teral tapering is considered the gold-standard 

procedure for these patients, with a well- 
documented success rate between 90 and 95%. 
However, reimplantation of a grossly dilated ure-
ter in a small infantile bladder could be challeng-
ing and leads to potential complications such as 
secondary obstruction, vesicoureteral reflux, and 
bladder dysfunction. For this reason temporary 
urinary diversions could be indicated during first 
months of life, but are not exempt of complica-
tions. External ureterostomies may present prob-
lems such as infections, skin irritations, and 
stenosis [12]. In addition parental tolerance is 
usually low, demanding early closure. 
Percutaneous nephrostomies could be done with 
external tubes but have limited durability in small 
infants. Internal urinary diversions have become 
popular as proposed by Lee and Kaefer [13] who 
perform a refluxing megaureter reimplantation 
through a small laparotomy during the first 
months of life. However, it remains a 
 non- definitive open surgery and creates a high-
grade secondary VUR.

The important development of minimally 
invasive techniques achieved in pediatric age in 
the last years has led to nonaggressive procedures 
for the surgical treatment of POM such as  
the laparoscopic, robotic, or endourological 
approach. Nevertheless, we cannot obviate that 

Failure of endoscopic treatment
(n=10) 12.7%

Early failure (n=5)

Unsuccessful dilation
procedure (n=4)

Persistence of 2° VUR
(n=4)

Re-stenosis 
recurrence

(n=1)

Early severe 
re-stenosis with JJ

migration (n=1)

Late failure (n=5)

Fig. 62.5 Endoscopic 
failure in the 
management of POM
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the main objective of any technique even mini-
mally invasive must be to obtain similar out-
comes to the gold standard or at least good results 
with less morbidity or complications.

Several authors have postulated the placement 
of double-J ureteral stent as a temporary internal 
derivation in the initial management of POM, 
with good outcomes in a group of patients that 
did not need any more procedure but controver-
sial results and remarkable comorbidity in an 
important number of cases.

Since endoscopic balloon dilation was first 
described by Angulo et al. [3] as an initial treat-
ment for children with complicated POM, several 
publications with few patients and short follow-
 up periods showed that EBD using the original 
technique or variations of the same principle was 
a feasible, safe, and less-invasive procedure for 
the initial management of POM with surgical cri-
teria even for very young patients. In 2007 
Angerri et al. [4] reported their initial experience 
with six patients in whom urinary obstruction 
disappeared without associated complications in 
a median follow-up of 31  months. Christman 
et al. [5] reported in 2012 their experience after 
the treatment of 17 children with a follow-up of 
3.2 years. These authors added a laser incision in 
cases of ureteral stenosis greater than 2 cm and 
placed two double-J stents in the ureter simulta-
neously, reporting good long-term outcome with 
disappearance of hydro-ureteronephrosis in 71% 
of the series. García-Aparicio et al. [6] presented 
a series of 13 patients with a medium-term suc-
cess rate of 84.6% (11 of 13), requiring ureteral 
reimplantation in 3 patients (2 persistence of 
UHN and 1 high-grade VUR).

Recent publications have focused on estab-
lishing long-term effectiveness of EBD as defini-
tive treatment of POM, confirming good results 
with minimal associated morbidity. Romero et al. 
[8] reported in 2014 the experience of our institu-
tion in 29 patients treated until 2010, with a 
median age at treatment of 4 months and a median 
follow-up of 47 months. It was concluded that the 
patients who had a favorable evolution with dis-
appearance of the UHN and adequate renal drain-
age confirmed by renogram remained 
asymptomatic and with stable situation during 

the subsequent follow-up. Five patients had sec-
ondary VUR and three of them were satisfacto-
rily treated endoscopically. Finally, the 
endourological management of the POM includ-
ing EBD of the VUJ and treatment of 2° VUR 
had a success rate of 86%. Bujons et al. [9] have 
reported excellent results in 19 patients, with a 
long-term success of 90% after the initial dilata-
tion procedure and a follow-up of 6.9 years. One 
patient required a second dilatation due to reste-
nosis and another one endoscopic treatment of 2° 
VUR, both with good outcome. Casal et al. [10] 
have just communicated good outcomes in a 
short series of 13 patients but with an important 
median follow-up of 10.3  years (4.7-12-2), 
asserting the value of balloon dilation as a defini-
tive treatment for POM.

Technical variations to the initial procedure 
have been proposed with encouraging results. 
The group of Kajbafzadeh [14] reported in 2007 
a long series of patients treated by endo- 
ureterotomy (ureterotomy and detrusorotomy at 
6 h) leaving double-J stent for 1 week, without 
associated comorbidity and with a complete reso-
lution of ureterohydronephrosis in 71% of cases. 
Capozza et  al. [7] published the dilation of the 
VUJ with Cutting Balloon™ in three patients with 
persistence of the stenotic ring during the previ-
ous endoscopic high-pressure balloon dilation, 
obtaining a complete resolution of the stenosis 
and good postoperative course.

Even the advantages described of EBD, the 
endourological management of POM remains 
controversial. The aspects to be discussed focus 
on secondary VUR, the possibility of restenosis, 
and the use of radiation in young patients. 
Additionally, it is difficult to assess its value as a 
definitive treatment in POM attending to the 
short experience reported in the literature.

Regarding secondary VUR, García-Aparicio 
[15] analyzed it in his group of patients, reporting 
27% (6 cases of 22 POM treated). Of these, two 
were treated endoscopically, and two were treated 
by ureteral reimplantation. The author concluded 
that the coexistence of ipsilateral paraureteral 
diverticulum is a risk factor for developing sec-
ondary VUR; however the number of cases was 
very low (two of four) to establish a reasonable 
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conclusion. In the series published by Bujons 
et al. [10], only 1 case of 19 presented secondary 
VUR, and it was resolved endoscopically.

In our series secondary VUR was found dur-
ing long-term surveillance in 17 cases (23%). 
Endoscopic treatment of it was successful in 13 
patients (76.4%) and failed in 4 (23.6%) who 
required ureteral reimplantation. For these 
patients with 2° VUR, three had an ipsilateral 
para-meatal diverticulum and only one required 
reimplantation. In our experience, the presence 
of para-meatal diverticulum was not a bad prog-
nosis factor for the endoscopic management of 
POM, since 10 of 12 cases of the series had an 
excellent outcome.

Long-term restenosis occurred in 9 cases of 
our series (12.2%). A new EBD was done with 
good long-term outcome in 8 cases (88.9%) till 
the date. Only one patient developed recurrent 
restenosis and finally required ureteral reimplan-
tation. The role of Cutting Balloon™ dilation may 
be a useful option in these cases. We used it 
recently with excellent midterm outcome in three 
patients treated at other institutions who devel-
oped restenosis after initial EBD of the VUJ. Then, 
we actually reserve the Cutting Balloon™ dilation 
for future restenosis or in primary cases when the 
stenosis is not completely solved with the balloon 
catheter at time of initial EBD.

Attending to our experience and looking at the 
literature, we can consider EBD of the VUJ as a 
relatively simple technique, reproducible, and 
with a short learning curve compared to other 
procedures. However, its success lies in the use of 
adequate endoscopic material. Appropriate 
hydrophilic guidewires (0.014″–0.018″), balloon 
catheters with low profile (2.7CH), and double-J 
stents suitable for pediatric age are crucial both 
for the success of the technique and to avoid 
complications.

62.5  Conclusion

Endoscopic balloon dilation has shown to be a 
safe, feasible, and really less-invasive procedure 
in primary obstructive megaureter with surgical 
criteria even in small infants.

In our experience we can consider it an effec-
tive treatment with few postoperative complica-
tions and good outcomes that maintains at 
long-term follow-up. The main complication 
observed was secondary VUR; notwithstanding it 
did not result in significant morbidity for the 
patients and could also be treated endoscopically 
with a high success rate.

In comparison with the conventional surgery, 
EBD has the obvious advantages of being a mini-
mally invasive procedure, with a shorter operat-
ing time, immediate recovery, and with no 
patient-age limitations. In our opinion, it may be 
considered first-line treatment in the manage-
ment of POM in children, avoiding unnecessary 
bladder surgery in the vast majority of patients. 
Nevertheless, it doesn’t invalidate ureteral reim-
plantation in case of failure.
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Ureterocele: Minimally Invasive 
Endoscopic Treatment

P. Caione, M. Bada, S. Gerocarni Nappo, G. Collura, 
M. Innocenzi, L. Del Prete, G. Farullo, E. Mele, 
and N. Capozza

63.1  Definition and Epidemiology

Ureterocele is defined as cystic dilatation of the 
distal ureter ending that can be located within 
either the bladder or the bladder neck and urethra 
[1]. This enlargement usually interferes with the 
outlet of urine: the degree of obstruction varies 
based on the type of ureterocele and the amount 
of abnormal tissue development. It may be asso-
ciated with a single or more frequently with a 
duplex system, and in duplex systems ureterocele 
is associated with the upper pole [2]. At autopsy, 
the incidence of ureteroceles has been reported as 
1 in 500 alive newborns. Ureteroceles occur four 
to six  times more frequently in females than in 
males and more commonly in Caucasians than in 
other races. Unilateral ureteroceles occur with 
similar frequency on the right and left, and in 
10% of cases, bilateral involvement is present [3].

63.2  Pathogenesis

The underlying pathogenesis is unknown: sev-
eral theories have been proposed. Embryologic 

mechanisms resulting in ureterocele develop-
ment may include [4]:

 – An incomplete breakdown of the ureteral 
membrane between the ureteral bud and the 
mesonephric duct, resulting in an obstruction 
that causes the development of a ureterocele. 
This theory explains the presence of the 
majority of obstruction in ureteroceles.

 – Obstruction of the ureteral orifice by the blad-
der neck as a consequence of developmental 
delay in the timing of the ureteral bud inser-
tion into the bladder.

 – Abnormal induction of the bladder trigone 
development, resulting in the absence of trigo-
nal musculature in the intravesical portion of 
ureteroceles.

63.3  Classification

Several classification systems have been pro-
posed for ureteroceles, but the most useful divides 
ureteroceles based on their location. According to 
this point, ureteroceles are classified as intravesi-
cal or orthotopic (entirely within the bladder and 
above the bladder neck) and ectopic (some por-
tion of ureterocele is situated permanently at the 
bladder neck or urethra). The last is the most 
common subtype [5]. Stephens published a 
descriptive subdivision of ureterocele types that 
include cecoureterocele. In cecoureterocele the 
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orifice is within the bladder, but the cavity extends 
beyond the bladder neck into the urethra. 
Ureteroceles also may be classified with either a 
single collecting system or a double collecting 
system. Approximately 80% of ureteroceles are 
associated with the upper pole of a duplex col-
lecting system, 60% of these are ectopic [6]. 
They are more frequently observed in female 
patients.

63.4  Clinical Presentation

Ureterocele may be recognized before or after 
birth. Antenatal presentation is nowadays more 
frequent, as many ureteroceles are detected 
 incidentally on antenatal ultrasonography. 
Approximately 2% of antenatal hydronephroses 
are caused by ureteroceles, which obstruct the 
distal end of the affected ureter. In postnatal pre-
sentation, the most common presentation is dur-
ing an evaluation for urinary tract infection 
(UTI) in the first few months after birth [7]. 
Febrile UTI may occur frequently as a conse-
quence of pyelonephritis with failure to recur-
rent abdominal or pelvic pain: haematuria is a 
rare presentation in elderly children. Some 
infants may present with a palpable abdominal 
mass due to the severe ureterocele obstruction of 
the dilated pyeloureteral system. In neonatal or 
infant females, a reddish vaginal mass may be 
observed as a consequence of a prolapsed ure-
terocele through the bladder neck. This situation 
causes usually severe bladder and bilateral upper 
tract dilatation with acute renal failure. A few 
patients, particularly older males with a single 
system intravesical ureterocele, may be diag-
nosed incidentally during imaging for other con-
ditions [5, 7].

63.5  Diagnosis

The diagnosis is generally made by ultrasonog-
raphy that shows a well-defined cystic intravesi-
cal mass in the trigonal portion of the bladder [8] 
(Fig.  63.1a–c). Dilatation of the upper tract is 
often observed, with kinked megaureter and 

pyelectasy of the related system. The dilatation 
may be present in both ureters of the ipsilateral 
side and sometimes in the contralateral system. 
Voiding cystourethrogram (VCUG) is used to 
detect vesicoureteral reflux (VUR). Reflux into 
the ipsilateral lower pole occurs in approxi-
mately 50% of patients and on the contralateral 
side in 25%. VCUG provides the most definitive 
evaluation of the bladder and distal ureters, as 
well as urethra. Nuclear medicine scan is used to 
evaluate the relative function of all renal seg-
ments [9] (Fig. 63.1d). In particular, in patients 
with duplex system, the pole associated with the 
affected ureter may contribute little or no func-
tion and may not be worth preserving when sur-
gery is performed. In addition, a delay in the 
isotope washout demonstrates impaired urinary 
drainage, with a diagnosis of urinary flow 
obstruction [10].

63.6  Management

If ureterocele is asymptomatic without signifi-
cant outflow obstruction, no treatment is needed, 
and follow-up is recommended. Observational 
management of ureteroceles in carefully selected 
patients is a reasonable option, with the poten-
tial for spontaneous decompression. Urinary 
tract infections are treated with antibiotics, if 
present [11]. If kidney function is good, the ure-
terocele can be treated using early endoscopic 
decompression. In case of poor kidney function, 
the kidney tissue may be removed surgically. 
The goals of therapy are preservation of renal 
function, elimination of UTI, releasing of outlet 
bladder and upper tract decompression with 
VUR resolution and maintenance of urinary 
continence [10].

63.7  Treatment Options

Ureteroceles are often complex anomalies, and a 
single approach for ureterocele’s treatment is not 
possible. It seems reasonable to individualize the 
correct management according to specific end-
points oriented to:
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 – Solve the outlet obstruction
 – Prevent UTI
 – Prevent/correct associated VUR
 – Preserve the renal function

The management includes conservative 
approach, endoscopic decompression, partial 
nephroureterectomy or complete primary recon-
struction [9, 10] (see Table 63.1).

63.8  Conservative Management

In highly selected cases, conservative manage-
ment may be offered in asymptomatic patients, 
with absent hydronephrosis and reflux [11]. 
According to EAU guidelines 2017 [12], surgery 

may be avoided in patients with non-obstructing 
ureterocele. A careful follow-up is needed for 
long life.

a b

c d

Fig. 63.1 (a–d) A 4-month-old female infant with prena-
tal diagnosis of hydronephrosis and ureteral dilatation.  
(a) Bladder ultrasound: ureterocele on bladder basis  
with dilated ureter ending. (b) Renal ultrasound: duplex 

 collecting system with dilatation of the upper pole.  
(c) Abdominal ultrasound: upper pole megaureter.  
(d) DMSA nuclear renal scan: left upper pole reduced 
uptake in a duplex system

Table 63.1 Management options of ureterocele

1. Conservative management
2. Minimally invasive procedures

(a) Transurethral incision (TUI)
(b) Laparoscopic upper pole 

heminephroureterectomy
– Transperitoneal access
– Retroperitoneal access

3. Open surgical procedures
(a) Upper pole heminephroureterectomy
(b) Ureteroureterostomy or ureteropyelostomy
(c) Ureterocele excision and ureteral 

reimplantation
(d) Complete one-stage primary reconstruction
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The selection of the approach depends on:

 – Clinical status of the patient (e.g. presence of 
urosepsis)

 – Patient age
 – Function of the upper pole renal parenchyma 

at scintigraphic scan
 – Presence of reflux or obstruction of the ipsilat-

eral or contralateral ureter
 – Presence of bladder neck obstruction
 – Position of the ureterocele intravesical or 

ectopic
 – Parent’s and surgeon’s preference

Many authors have expressed a possible con-
dition of overtreatment and unnecessary surgery 
in ideal candidates for a conservative approach to 
ureteroceles [8–10]. Several studies have shown 
that carefully selected, many asymptomatic chil-
dren with ureteroceles can be safety managed ini-
tially without surgical approach. Han et  al. 
reported no significant difference between the 
nonoperative and operative groups with regard to 
hydronephrosis grade, reflux grade or ureterocele 
size [8]. Direnna and colleagues also reported a 
watchful waiting for prenatally detected uretero-
celes [9]. Current data suggest that urological 
indications to a conservative approach are sum-
marized in Table 63.2.

In any patients managed conservatively, the 
development of complications should promptly 
consider for surgical repair [10].

63.9  Endoscopic Ureterocele 
Incision

Endoscopic ureterocele decompression is a mini-
mally invasive procedure that can be performed 
under general or regional anaesthesia, to obtain a 

decreasing risk of UTI and decompressing the 
upper tract: in recent years, endoscopic puncture 
became a gold standard technique that sup-
planted the ureterocele wall incision [9, 10]. The 
incision offers more effective decompression 
with a potentially higher risk of de novo 
VUR. Endoscopic puncture represents the treat-
ment of choice for patients with ureterocele 
resulting in systemic infection or high-grade 
obstruction. It’s the first-line treatment in the 
case of the septic or acutely ill child with an 
obstructing ureterocele. Some authors have dem-
onstrated the advantages of endoscopic puncture 
in the preservation of renal tissue, with rapid 
recovery of the related renal function reported in 
85–100% of cases [11].

63.9.1  Technique of Endoscopic 
Puncture of Ureterocele

 – Patient under general or regional anaesthesia.
 – The most common technique consists of small 

2–3  mm incisions or punctures made just 
above the distal junction of the ureterocele 
with the bladder, using a Bugbee electrode or 
a sharp electrode through a paediatric cysto-
scope. Paediatric resectoscope can be suc-
cessful used with diathermy [12, 13]. The 
bladder should be poorly filled by not saline 
solution. The endoscopic punctures may be 
performed with high efficacy using laser 
energy, and holmium pulse laser and thallium 
continuous laser may be both used, with thin 
fibre (272 μm) and low energy (0.5 J). Multiple 
punctures of the ureterocele basis can be  
performed with high precision and no bleed-
ing risk. Immediate decompression of the  
ureterocele is usually observed [14, 15] 
(Fig. 63.2a–c).

 – A second endoscopic puncture should be con-
sidered in cases where a large ureterocele per-
sists postoperatively.

According to Lewis [16] and Castagnetti [17], 
the indications to the endoscopic procedures are:

 – Obstructing ureterocele with systemic 
infection

Table 63.2 Urological indications to conservative 
treatment

– Asymptomatic patients
– Small, nonobstructive intravesical ureterocele
– Extravesical ureterocele or associated with 

multicystic dysplastic moieties in the absence of 
high-grade VUR or bladder outlet obstruction

– Absence of grade III or IV VUR
– Absence of bladder outlet obstruction
– Absence of obstruction in inferior renal moiety
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 – Obstructing ureterocele with severe non- 
refluxing hydroureteronephrosis

 – Intravesical ureterocele within a single non- 
refluxing system

Successful decompression without reflux may 
be achieved in 70–80% of cases [14]. In ectopic 
and duplex system ureteroceles, the ectopic posi-
tion is associated with higher reoperation rates 
after endoscopic incision. Husmann and col-
leagues found that in 28 patients with ectopic ure-
terocele undergoing endoscopic decompression,  

18 (64%) required additional surgical treatment 
usually because of ipsilateral reflux [13]. In this 
setting, transurethral puncture represents an 
effective short-term correction of upper pole 
obstruction but may not represent definitive ther-
apy in most cases. Many children require to 
repeat puncture to obtain adequate decompres-
sion or, more commonly, subsequent reconstruc-
tive surgery for persistent obstruction, recurrent 
infection and persistent or de novo reflux. 
Satisfactory postoperative urinary tract decom-
pression has been reported in 85–100% of cases 

a b

c

Fig. 63.2 Laser multiple endoscopic punctures tech-
nique. (a) Paediatric cystoscope with 272  μm fibre.  
(b) Holmium laser source. (c) Schematic picture of  
the  multiple punctures site on the basis of ureterocele.  

(A) ureterocele. (B) Contralateral orifice. (C) bladder 
neck. Foley catheter is left into the bladder trigone for 
24 h to increase the ureterocele wall collapse
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of endoscopic decompression, and recovery of 
renal function following endoscopic puncture or 
incision may be also achieved mostly in ortho-
topic ureteroceles. Surgeons in favour of the 
endoscopic puncture or incision as first-stage 
treatment in neonates with ureteroceles refer the 
following results [15, 16]:

 – One third of these patients will be definitively 
cured by this technique.

 – Early renal and ureteral decompression will 
allow improvement or stabilization of ipsilat-
eral renal function, as well as a decreased risk 
of pyelonephritis.

 – The endoscopic technique allows to delay 
the definitive surgical correction, when 
requested. Moreover a technically easier 
operation can be carried out after the neona-
tal period, due to decreased dilatation of the 
affected ureter.

Ureteroceles in duplex collecting systems 
may be more frequently complicated by VUR, 
obstruction or UTI, especially if ectopic.

63.10  Our Experience

From January 2012 to December 2017, a total of 
64 endoscopic procedures for ureterocele have 
been performed at the Division of Paediatric 
Urology. The median age at the surgery was 
19.7  months (from 1  month to 168  months). 
Ectopic ureteroceles were 41 and orthotopic 23. 
The other associated anomalies were duplex col-
lecting system in 53 patients, renal agenesis in 5 
infants and ipsilateral reflux in the lower kidney 
pole in 3 patients. We observed in nine cases con-
tralateral reflux. Prenatal diagnosis of pyelocali-
ceal and ureteral dilatation was present in 38 
cases. Ureterocele was recognized prenatally in 
17 cases of them. Febrile UTI was the presenting 
symptom in 21 cases.

In the group of 64 patients, 12 required further 
surgery at 1–5  years from initial endoscopic 
puncture (18%): ureteral reimplantation in 7 
cases and laparoscopic heminephroureterectomy 
in 5 cases (Table 63.3).

63.11  Open Surgical Options

The open surgical treatment is still a valid alterna-
tive to minimally invasive endoscopic procedures.

Four surgical approaches are available:

 1. Heminephrectomy with total or partial ureter-
ectomy, allowing the ureterocele to collapse 
spontaneously (upper tract approach)

 2. Ureteroureterostomy (UU) to bypass the 
obstructed lower ureter and allow for adequate 
drainage of the upper pole

 3. Excision or marsupialization of the uretero-
cele, reconstruction of the posterior bladder 
and reimplantation of the ureter (lower tract 
approach)

 4. Combined upper and lower approach (com-
plete primary approach)

63.12  Heminephroureterectomy 
(Upper Tract Approach)

The procedure of heminephroureterectomy can be 
performed in the traditional open technique, or by 
minimally invasive video surgical technique and 
laparoscopic- or robot-assisted technique. The 
laparoscopic partial (or polar) nephrectomy has 
good results reported but is widely considered to 
be one of the hardest laparoscopic procedures to 
perform [18]. The robotic approach removes 

Table 63.3 Number of procedures per year, age at sur-
gery and other associated anomalies in our series

Number procedures 64
  2012 6
  2013 9
  2014 8
  2015 12
  2016 23
  2017 6
Age at surgery (months)
  Median 19.7
  Range 1–168
Other anomalies associated
  Duplex system 53
  Ipsilateral reflux 4
  Contralateral reflux 5
  Renal agenesis 2
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many of the  technical barriers to the laparoscopic 
approach. In both approaches upper pole ureter 
can then be identified: the upper pole ureter is dis-
sected free from the surrounding tissue [19]. The 
lower pole ureter needs to be identified and dis-
sected free, being careful to leave a sufficient 
amount of periureteral tissue in place to avoid 
devascularization. The dilated upper pole ureter is 
followed up towards the renal hilum. It is brought 
under the renal vessels, being careful not to injure 
them. The ureter can be followed to the upper pole 
segment, which can be dissected free from the 
healthy renal parenchyma. It is important to 
remove the entire pyelocalyceal structures of the 
upper renal pole and to carefully inspect the 
remaining kidney for the presence of any opened 
lower pole calyces, which need to be closed 
meticulously with absorbable sutures [16].

63.13  Ureteroureterostomy (UU) 
(Renal Parenchymal 
Conservative Upper 
Approach)

It’s increasingly being used to repair duplex sys-
tems with reasonable function of the upper pole 
and relatively equal calibre of ureters, although it 
has been shown to be effective in systems with 
any degree of function and ureteral size [16]. The 
UU enjoys the advantage of avoiding to damage 
the renal vasculature of the lower pole of the kid-
ney and eliminates the potential risk of injury to 
these structures [20].

63.14  Excision or Marsupialization 
of the Ureterocele, 
Reconstruction of the 
Trigonal Bladder Wall and 
Reimplantation of the Ureter 
(Lower Tract Approach)

The traditional open surgical approach involves 
the complete excision of the ureterocele with 
reconstruction of the bladder and bladder neck to 
create a functional bladder neck mechanism. This 
approach can involve injury in the bladder neck or 
creation of a vescicovaginal fistula. An alternative 

option involves the marsupialization of the 
 ureterocele, which leaves the floor of the uretero-
cele intact and adhered to the bladder mucosa. 
One study has found no statistical difference 
between these two techniques [21]. Using a modi-
fied Pfannenstiel incision, the skin and anterior 
muscles are opened transversally. The filled blad-
der is incised longitudinally, taking care to avoid 
injury to the bladder neck. Several sponges are 
placed into the superior bladder. The ureterocele, 
the orifice of the lower renal pole ureter and the 
contralateral ureter are visualized. Each ureter is 
catheterized with an infant feeding tube or a ure-
teral catheter. Once the ureterocele is freed 
 completely, the remaining intramural ureter is 
mobilized as with a standard intravesical ureteral 
reimplantation. Alternatively, the ureterocele can 
be marsupialized by excision at the anterior and 
lateral walls using cautery knife. At this stage, the 
ureters are reimplanted according to Cohen’s 
technique. The bladder is then closed in a standard 
two-layer technique using resorbable sutures [22].

63.15  Combined Upper and Lower 
Approach (Complete Primary 
Approach)

Some authors [17, 18] proposed a combined upper 
and lower approach in a single surgical approach. 
This complete primary approach consists in a 
heminephroureterectomy of the dysplastic or 
hydronephrotic poorly functioning upper pole as 
first step. If the upper pole parenchyma is judged 
having a relatively good function at scintigraphy 
renal scan, ureteroureterostomy can be affered 
[20]. During the same surgery, ureterocelectomy 
with trigonal reconstruction and ureteral reim-
plantation of the lower pole is performed. Criticism 
to the complete upper and lower approach in a 
single step points out that this technique is very 
aggressive especially for young infants [23].

63.16  Conclusions

Ureterocele is a relatively uncommon urological 
malformation that involves all the urinary tract 
from renal parenchyma to bladder outlet. 
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Consequences may be severe with significant dam-
age of kidneys, febrile UTIs and contralateral 
involvement in some cases. The female sex is more 
commonly involved. Nowadays, prenatal diagno-
sis may frequently demonstrate pyelocaliceal and 
ureteral dilated system and be confirmed by neona-
tal ultrasonographic scan. The presence of a cystic 
lesion on the bladder base is specific for diagnosis 
of ureterocele. Neonatal diagnosis allows early 
decompressive treatment with obstruction release, 
avoiding febrile UTIs and pyelonephritic episodes 
with further renal and urinary tract damages. 
Minimally invasive techniques are today progres-
sively overwhelming the open surgical procedures, 
especially in young children and newborn. The 
endoscopic multiple puncture of the ureterocele 
basis allows immediate decompression of the 
related upper tract and often may avoid secondary 
reflux on the same reno-ureteral moiety in duplex 
system. Both diathermic cautery and laser energy 
may be used for the endoscopic technique, depend-
ing mostly from the surgeon preference. In our 
experience, in the last 5  years, we adopted laser 
energy for ureterocele multiple punctures, reduc-
ing the risk of intraoperative bleeding and decreas-
ing significantly the need for further surgery to 
correct secondary VUR of persisting obstruction. 
The novel endoscopic procedures guarantee good 
results in the majority of ureteroceles in the first 
years of life with a very short hospitalization. It 
represents in our opinion a further significant step 
towards the use of minimally invasive video surgi-
cal techniques in children.
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Laparoscopic Adrenalectomy 
in Children

Andrzej Golebiewski, Marcin Losin, 
and Piotr Czauderna

64.1  Introduction

Laparoscopic approach to the adrenal gland was 
introduced in 1992; since then laparoscopic adre-
nalectomy (LA) becomes a gold standard in adult 
population, and many studies evaluating safety 
and results have been published [1–3]. In contra-
distinction to adult population, LA remains still 
challenging in children population despite the 
fact that it was first performed in a child over 
20 years ago [4, 5].

Indications of LA remain unclear, but it is 
mainly used for neoplastic masses arising from 
adrenal glands like neuroblastomas (NB), gan-
glioneuroblastomas (GNB), and pheochromocy-
tomas (PHE). Adrenal cortex tumors and 
congenital adrenal hyperplasia are very seldom 
to find in children, and NB remains the most 
common indication for LA [5, 6].

Transperitoneal laparoscopic approach 
remains the most commonly used among pediat-
ric surgeons. Single-port surgery (SPS) and retro-
peritoneal approach are used only in a limited 
number of centers [7, 8].

64.2  Preoperative Preparation

In all adrenal tumor (AT) cases, ultrasound (US) 
examination is obtained followed by computed 
tomography (CT) and/or magnetic resonance 
imaging (MRI).

Hormone levels are routinely examined, and 
adrenal MIBG scintigraphy is used in 
NB-suspected cases. In PHE patients hyperten-
sion has to be normalized prior to surgery; also 
proper antihypertensive premedication and intra-
operative management are essential.

Before procedure blood tests are taken, IV 
central line is preferably established, and antibi-
otic prophylaxis is given. Twenty cubic centime-
ter per kilogram of packed red blood cells are 
prepared, and nasogastric tube and urinary cath-
eter are inserted.

64.3  Positioning

The patient is placed supine with spread legs and 
small roll put under the back. The monitor is usu-
ally placed at the patients’ head slightly moved 
laterally to the affected site. The surgeon stands 
between patients’ legs with camera operator and 
scrub nurse standing on both sides of the table. In 
small babies it is convenient to position them 
transversely across the table.

In older children posterolateral positioning of 
the patient is used occasionally. In this case 
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 surgeon and camera operator are standing on the 
same side of the operating table with scrub nurse 
facing them. We commonly use reversed 
Trendelenburg position as it helps to obtain a 
good insight to upper abdominal region.

64.4  Instrumentation

We never use a scope larger than 5 mm as HD 
tools provide great visualization. LigaSure Vessel 
Sealing System®, harmonic knife, or another 
vessel- sealing bipolar device is present at OR 
depending on surgeon’s preferences. In order to 
close larger vessels, we often use HemoLock® 
instead of titanic clips. Specimen should be 
extracted in plastic endobag.

64.5  Technique

Procedure of laparoscopic adrenalectomy or 
biopsy taking is started with introducing the first 
trocar via umbilicus, usually by open approach as 
described by Hasson [9]. We often use 10  mm 
port as specimen will be extracted in most cases 
through the umbilicus. Pneumoperitoneum with 
CO2 is created slowly to a pressure of 
10–12 mmHg. Three additional 3 or 5 mm ports 
are placed depending on the patients’ size. In 
majority of cases, we put two ports in midline, 
superior to umbilicus, and one port laterally on 
the level of umbilicus below the affected region. 
The procedure is started with lifting the right lobe 
of the liver or spleen by a self-locking grasper 
clipped on diaphragm. In order to get direct visu-
alization of the right adrenal gland, lifting the 
liver is usually enough. On the left site, total 
colon splenic flexure mobilization is always per-
formed by incising its lateral peritoneal and 
splenic attachments. Sometimes it is also neces-
sary to mobilize the spleen and pancreatic tail 
medially. The retroperitoneal space is dissected 
(after opening renal fascia and fatty capsule of 
upper renal pole), and a tumor localized in adre-
nal gland is exposed (Fig. 64.1). Superior adrenal 
pole is mobilized first after dissecting connective 
tissue connected with diaphragmatic crura, and 

then medial part of adrenal gland is approached 
(Fig. 64.2). Some surgeons prefer to start dissec-
tion medially, especially on the left side. In large 
adrenal or para-adrenal tumors, in order to have 
great anatomical view at the operative field, we 
dissect renal hilum and pull away renal vessels by 
placing rubber loops around them. After meticu-
lous dissection of adrenal vessels (Fig.  64.3), 
they can be clipped separately with HemoLock® 
(Fig. 64.4); however in many children, especially 
younger ones, this part of the procedure is usu-
ally realized with vessel-sealing device. The rest 
of dissection is also performed with LigaSure® or 
harmonic knife and is usually safe as major ves-
sels are taken down already. The specimen is 
extracted in a bag via slightly enlarged umbilical 

Fig. 64.1 Left adrenalectomy in neuroblastoma. 
Intraoperative view of affected site

Fig. 64.2 Left adrenalectomy in neuroblastoma. Grasper 
clipped on diaphragm in order to elevate a spleen. Part of 
unaffected adrenal gland is visible at the center
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incision, and the abdomen is inspected for 
enlarged lymph nodes (LN) to perform eventual 
LN biopsy or more formal lymphadenectomy. 
Initial dissection is usually more difficult on the 
left side, since taking down the colon flexure is 
unnecessary on the right. On the contrary, closing 
of the right adrenal vein is more difficult, since it 
is a single and short one, as well as originates 
directly from internal vena cava (IVC) (Fig. 64.5). 
Be aware that larger adrenal tumors often reach 
behind the IVC, which makes dissection more 
hazardous due to small vessels connecting both 
structures and the risk of bleeding.

We have used single-port surgery in selected 
cases of adrenal tumors. We prefer to use the 
GelPort® (Applied Medical) which is introduced 
via 2.5 cm incision in umbilicus. The procedure 
is essentially done the same way as in typical 

laparoscopic surgery, but special articulated 
instruments (reusable or disposable ones) are 
helpful.

64.6  Postoperative Care

We usually remove nasogastric tube at the end of 
procedure. Child is transferred to postop ward 
with vital signs monitored overnight. Chest 
X-rays are performed to evaluate central line 
position and to exclude risk of pneumothorax. 
Opioids combined with paracetamol are adminis-
trated. Oral feeding is advanced when tolerated, 
IV fluids administrated in weight depend regime.

64.7  Results

Twenty-two patients have undergone laparo-
scopic adrenalectomy in two Polish centers 
including ours. Boys predominated and age at the 
time of operation varied from 2 months to 7 years. 
All but two lesions were unilateral, left-sided 
slightly predominant. In all cases standard trans-
peritoneal laparoscopic approach has been 
selected with single-port technique used in three 
patients. In three cases laparoscopy required con-
version to open approach because of tumor 
 infiltration of inferior vena cava and diaphragm 

Fig. 64.3 Left adrenalectomy in neuroblastoma. 
Dissection of adrenal vessels

Fig. 64.4 Left adrenalectomy in neuroblastoma. Adrenal 
vessels closed with HemoLock

Fig. 64.5 Right adrenalectomy in neuroblastoma. 
Closing of adrenal vein close to ICV with harmonic knife. 
Grasper is clipped on diaphragm in order to elevate right 
liver lobe

64 Laparoscopic Adrenalectomy in Children
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[2] and lesion of renal vein with excessive hem-
orrhage [1]. Mean operation time was 2.5  h 
(1.5–3 h). We treated one port-site infection dur-
ing postop course, and we found one renal atro-
phy in one patient as the result of renal artery 
persistent spasm.

Mean hospital stay was 4.5 days (1–14 days). 
Follow-up is 1–16 years.

64.8  Tips and Tricks

Right-sided adrenalectomy requires usually the 
use of four ports for liver retraction or percutane-
ous insertion of an additional self-locking grasper 
in a bayonet fashion.

64.8.1  Right Adrenalectomy

Closing adrenal vessels, especially the vein, may 
be more difficult as it originates directly from 
inferior vena cava. It is usually very short with no 
place for typical traction.

64.8.2  Left Adrenalectomy

The lienocolic ligament should be divided up to 
the level of the gastric fundus which improves 
exposure of the left adrenal gland by allowing the 
spleen to fall medially, pulling the tail of the pan-
creas with it.

Be aware of the proximity of the renal vessels 
due to medial location of the LT adrenal gland; 
hence use electrocautery with caution.

The inferior phrenic artery often runs along 
the upper edge of the adrenal glands and should 
be sought and ligated with clips and divided.

Manipulation and mobilization of the adrenal 
gland using graspers should be gentle, since it is 
very fragile and can be easily damaged causing 
bleeding and hemodynamic instability, which 
may occur in patients with pheochromocytoma. 
In cases of pheochromocytomas, it is especially 
important to close the vein first.

Large tumors require an abdominal incision to 
facilitate atraumatic extraction.

In the case of a thorough bleeding control, no 
additional abdominal drains are required.

64.9  Troubleshooting

64.9.1  Injury to the Vena Cava

 – Small tear: press IVC with an endopeanut or a 
cotton tape inserted via the port for few min-
utes, and then place a hemostatic agent over 
the defect.

 – If the bleeding persists: close the injury with 
forceps (preferably vascular clamp), insert 
another 5 mm port, and suture the defect.

 – Large lesion: convert to open approach by 
making an incision between the two trocars, 
and fix lesion with standard technique.

Bleeding from small vessels: increase the 
intra-abdominal pressure, and use bipolar 
coagulation.

Pleural injuries: suture (check after the proce-
dure with X-ray for pneumothorax), and consider 
the insertion of temporary chest tube.

Visceral injuries (spleen, liver): use argon 
plasma coagulator, bipolar coagulation, and topi-
cal hemostatic agents.

64.10  Discussion

The debate regarding optimal surgical manage-
ment in the case of pathological adrenal masses 
in pediatric population is still open. In recent 
years, adrenal surgery has evolved considerably 
due to advances in diagnostic tools, the develop-
ment of endocrine knowledge, and the emergence 
of minimally invasive techniques.

Since the first transperitoneal laparoscopic 
adrenalectomy, described by Gagner et al. [1] in 
1992, minimal invasive surgery has revolution-
ized adrenal surgery and largely replaced the 
open approach. Therefore, laparoscopic adrenal-
ectomy is presently considered the “gold stan-
dard” procedure for the surgery of benign and 
selected malignant adrenal masses in adult 
patients [2].

A. Golebiewski et al.
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Many retrospective clinical studies have 
shown the benefits of laparoscopic adrenalec-
tomy in adults. When compared to open surgery, 
minimally invasive adrenal surgery has resulted 
in shorter hospital stay, faster recovery, decreased 
requirements for analgesics, and better cosmetic 
results [3].

The first pediatric malignant case was per-
formed on a small asymptomatic neuroblastoma 
identified by mass screening of children in Japan 
[4]. Laparoscopic adrenalectomy has progres-
sively become an effective, feasible, reproduc-
ible, and safe procedure in children [5].

Nevertheless, in the pediatric population, the 
experience with laparoscopic adrenalectomy is 
limited. The reasons are the rarity of adrenal 
lesions in this population, a variable pathologic 
spectrum, and a higher incidence of malignancy 
in these patients (more than 90% of adrenal 
masses are neuroblastomas) [5, 6].

The most common childhood adrenal pathol-
ogy, neuroblastoma, is in many instances not 
readily feasible to laparoscopic excision because 
it is not a well-encapsulated tumor but rather has 
an infiltrative and invasive nature and most often 
is not suitable for resection at diagnosis.

In addition, small children and especially 
infants, which is typical age for NB, present 
unique challenge related to small body size and 
inexperience with smaller laparoscopic instru-
mentation among surgeons.

Due to the rare occurrence of adrenal lesions in 
children which may be operated laparoscopically, 
the accumulation of information on pediatric LA 
is limited, and the experience in children consists 
of relatively small retrospective case series [6].

In these reports outcomes focused on opera-
tive parameters such as operative time, length of 
stay, and complications have shown that a laparo-
scopic adrenalectomy is feasible and safe in 
highly selected patients.

Thus, the use of minimally invasive adrenalec-
tomy in children is superior to open surgery for 
the excision of benign tumors with low morbidity 
rates; its use for malignant tumors should be lim-
ited to selected cases [6].

Children with adrenal masses are either diag-
nosed coincidentally by imaging or by investigation 

of symptoms suggesting adrenal hormone excess. 
Adrenal masses can be palpated in smaller chil-
dren. Once an adrenal mass is diagnosed, all 
patients should be studied with ultrasonography, 
computed tomography, or magnetic resonance 
imaging to assess the side, the size, the local 
extent, and the operability of the primary lesion. 
All patients should also undergo preoperative 
evaluations including endocrinologic investiga-
tion to determine secretory tumor activity [10].

Complete and thorough preoperative evalua-
tion is essential for operative planning. Patients 
are suitable for laparoscopic resection if the pre-
operative imaging showed no vascular encase-
ment and in a tumor with the greatest dimension 
≤5  cm. Candidates for LA included low-risk 
adrenal tumors and tumors that were prenatally 
diagnosed and increased in size during follow-
 up. In children, an absolute limitation cannot be 
determined but should be evaluated individually, 
based on the size of mass relative to the size of 
child. Tumors that are radiologically unsuitable 
for laparoscopy have midline expansion/infiltra-
tion and major vessels invasion/encasement. 
Relatively large size tumors which have a pre-
dictable risk of macroscopically incomplete 
resection or tumor rupture should be rather man-
aged by open surgery. Open access is still prefer-
able for patients with suspicion of malignancy 
based on renal vein involvement or significant 
retroperitoneal lymphadenopathy, although there 
are some reports of using laparoscopic approach 
even in such cases [16]. The size of the tumor 
above 6 cm is a relative contraindication, depend-
ing on the age and size of the child [10–12].

To choose the correct approach, we follow the 
International Pediatric Endosurgery Group 
guidelines, which state that only lesions without 
vascular encasement and adjacent organ involve-
ment and with the greatest dimension <6 cm on 
preoperative imaging are eligible for the laparo-
scopic approach [12].

For patients with pheochromocytoma, a pre-
operative preparation is required.

For most adrenal lesions requiring opera-
tion, minimally invasive adrenalectomy can be 
performed safely and effectively with either 
transperitoneal or the retroperitoneal approach. 
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Few studies have compared both procedures 
thoroughly, showing no superiority of either 
technique [13].

We preferred the transperitoneal approach for 
all of the adrenalectomies on both sides, and we 
found the lateral transperitoneal approach to be 
the procedure of choice.

The transperitoneal route demonstrated to 
have many advantages compared to retroperito-
neal approach. Firstly, it offers a large working 
space with a clear view of the structures which 
allows the surgeon to see perfectly both adrenal 
glands and adjacent organs. Secondly, it has a 
shorter learning curve and shorter operative time 
and allows for resection of larger tumors and 
exploration and treatment of other intra- 
abdominal conditions.

Thus, the transperitoneal approach as techni-
cally easier is widely considered the most 
accepted procedure for laparoscopic surgery of 
the adrenal glands [7].

Single-site and robotic techniques have recently 
been widely used in adults, but experience in the 
pediatric population is very limited so far [8].

Walz et  al. in their case–control study have 
demonstrated that single-site LA had a conver-
sion rate of 14%, longer operative times, similar 
rate of complications, and a shorter hospital stay. 
They concluded that no age and size criteria 
applied to a well-trained surgical team [14].

Although the literature suggests that laparos-
copy could potentially offer great short-term ben-
efits in the pediatric population, few reports 
comment on tumor spillage, port-site disease 
recurrence, or overall survival in malignant tumors. 
However, Kelleher et  al. state that laparoscopic 
resection of adrenal neuroblastoma is feasible and 
can be performed with equivalent recurrence and 
mortality rates in low-/intermediate- risk group 
patients and selected high-risk patients with neuro-
blastoma who were carefully selected to undergo 
laparoscopic adrenalectomy [10].

Leclair and colleagues reported a predicted 
disease-free survival of 84% at 5  years for 45 
patients with abdominal neuroblastoma undergo-
ing laparoscopic resection [15].

To reduce these risks, we found it important to 
gently manipulate the adrenal gland and to use an 

endosurgical bag to remove the specimen. In our 
patients, we did not observe neoplastic relapse.

Our experience indicates that laparoscopic 
adrenalectomy for neuroblastoma in patients who 
meet surgical selection criteria, i.e., tumor size 
smaller than 6  cm and absence of vascular 
encasement, is feasible and offers equivalent 
progression- free survival and overall survival 
regardless of other indicators of risk including 
age and stage.

These data suggest that laparoscopic resection 
of adrenal neuroblastoma should be considered 
in patients meeting the selection criteria, regard-
less of the risk group.

Although the patient group was limited, our 
experience proves the safety, feasibility, and 
advantages of a laparoscopic approach to the 
treatment of benign and malignant adrenal 
masses in children. All procedures were success-
fully performed with excellent intraoperative and 
postoperative results.

In addition, laparoscopic adrenalectomy 
showed good results in tumor resection >6  cm, 
suggesting that the dimensional limit of the 
tumors eligible for laparoscopy should be revised.

Peter et al. state that significantly bigger 
lesions >6 cm take greater operative times and 
the conversion rate is 10% higher with the larger 
lesions.

Our experience also suggests that laparo-
scopic adrenalectomy, if performed by a highly 
skilled laparoscopic surgeon, may be feasible and 
safe even for the treatment of larger, malignant 
adrenal lesions, without infiltration of surround-
ing structures, though.

64.11  Complications

Laparoscopic adrenalectomy carries the risk of 
typical laparoscopic injuries to abdominal struc-
tures and organs with trocar and instrument 
placement.

Based on literature, the main cause of conver-
sion was adherence of the tumor to the surrounding 
organs and renal vein or vena cava thrombosis. In 
our own center series, we had no conversion, since 
we had no tumor ruptures or relevant bleeding, 
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which are the most frequent reasons for conver-
sion. We believe that this was due to our meticu-
lous selection of patients.

In all our patients, the blood loss was negligi-
ble (<100 mL), without the need for a blood trans-
fusion, which can be attributed to laparoscope 
magnification and gentle operative technique.

The only postoperative complication in our 
series was renal infarction after resection of a 
large left-sided neuroblastoma in an infant that 
required skeletonization of the renal vessels with 
resulting prolonged renal artery spasm.

Neuroblastoma should be excised to the extent 
that it is feasible without compromising surround-
ing organs. The International Pediatric Endoscopic 
Group published guidelines for the surgical treat-
ment of adrenal masses in children, stating that 
although there were no absolute  contraindications, 
cases should be carefully selected [12].

In conclusion, laparoscopic adrenalectomy 
offers a safe and effective surgical option for 
many pediatric adrenal lesions offering shortened 
hospital stay and minimal blood loss. Tumor vas-
cular involvement (encasement) seems to be an 
obvious contraindication to MIS approach, while 
very large tumor size may be a relative contrain-
dication on an individual case basis. Proper pre-
operative patient selection and planning seems to 
be a major criterion for success.
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Endoscopic Management 
of Bladder Tumors in Children

Mohamed Abouheba and Sameh Shehata

65.1  Introduction

Urinary bladder tumors are not common in 
children and adolescents. They are either uro-
thelial or non-urothelial (Fig. 65.1). The com-
monest is rhabdomyosarcoma (RMS) of the 
bladder or prostate/vagina followed by papil-
lary urothelial tumors (Table  65.1) [1]. RMS, 
being the commonest childhood soft tissue sar-
coma, ranks third commonest pediatric solid 
tumor (5–15%) [2, 3]. A recent analysis of 57 
reports of pediatric urothelial bladder tumors 
which included 127 cases reported patients 
younger than 20  years old, of which only 21 
patients (16.5%) were below 10 years old [4]. 
Both tumor categories exhibit a 3–9:1 male-to-
female preponderance [5].

The histologic classification of RMS that 
was originally formulated in 1958 included four 
subtypes: embryonal, alveolar, pleomorphic, 
and undifferentiated [7]. Later, the pleomorphic 
type was considered an anaplastic variant of 
embryonal or alveolar RMS and hence culmi-
nated into only three histologic categories cur-
rently recognized: embryonal, alveolar, and 
undifferentiated [8].

Papillary urothelial tumors terminology has 
probably generated the greatest debate in oncology 
literature until recently in 2004 when the World 
Health Organization (WHO)–International 
Society of Urologic Pathology (ISUP) has for-
mulated a widely accepted classification of uro-
thelial neoplasms of the urinary bladder. The 
former transitional cell carcinoma of the urinary 
bladder (TCCB) [9] is now split into a papillary 
urothelial neoplasm of low malignant potential 
(PUNLMP) and a low-grade carcinoma of the 
urinary bladder (LGCB), depending on the 
amount of atypia [10]. The current classification 
is built on histopathologic criteria and correlates 
to the clinical outcome and prognosis of different 
bladder papillary tumor subtypes (Table  65.2) 
[5].

While RMS usually presents by obstructive 
uropathy [12], papillary tumors usually present 
with painless hematuria followed by dysuria and 
rarely pyelonephritis [13]. Diagnosis is usually 
delayed probably due to underestimation of 
hematuria in children [14]. Although about 75% 
of tumors are unifocal in the trigone that usually 
turn out to be non- or minimally invasive [15], yet 
still invasive TCCB is seen in older children and 
adolescents [12].

Transurethral resection of bladder tumors 
(TURBT) is done as the definitive surgery for the 
common PUNLMP as well as to provide speci-
mens for pathologic staging and grading the less 
common TCC.
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65.2  Preoperative Preparation

Since urological ultrasound is the first tool to 
assess dysuria or gross/microscopic hematuria, it 
usually raises the suspicion of RMS by finding 
“frank invasive bladder tumor” [11] or TCCB by 
finding “papillary urothelial ingrowths” [13]. For 
suspected RMS, definitive CT or MRI imaging is 
needed to detect tissue of origin, LN status, and 

proper staging. For suspected TCCB, the next step 
better be the noninvasive urine cytology rather 
than insensitive VCUG owing to dye density often 
masking (and missing) papillary ingrowths [5].

Urinary cytology is obtained as a baseline and 
to establish the likelihood of high-grade 
TCCB. Dysplasia dictates careful bladder exami-
nation during cystoscopy. Cystoscopic transure-
thral resection of bladder tumor (TURBT) under 

Lamina Propria
(very vascular)

Muscularis Propria
Smooth detrusor muscle
layer. Muscle fibers merge
with prostate capsule/
anterior vagina and pelvic
floor muscles.

Adventitia
(connective tissue layer)

Urothelium
“Epithelial” type

tumors arise from
this layer

“Non-Epithelial”or
“mesenchymal” type

tumors arise from
these layers

Fig. 65.1 Urinary 
bladder wall histological 
layers and their 
respective tumors [6]

Table 65.1 Most common bladder tumors in children [1]

Tumor Age- and sex-related features
Urothelial tumors
Infiltrative urothelial 
carcinoma (high grade)

Infiltrative urothelial carcinoma and noninvasive urothelial carcinoma are more common 
in adolescents; they occur in individuals younger than 10 years in only one-third of cases

Noninvasive urothelial 
carcinoma (low grade)

(PUNLMP) Age range of affected individuals is variable in childhood

Urothelial papilloma Age range of affected individuals is variable in childhood
Fibroepithelial polyp Manifests in individuals with a mean age of 9 years; more common in males
Mesenchymal tumors
Rhabdomyosarcoma Manifests in individuals in a bimodal age distribution (within first 2 years of life and 

during adolescence); certain genetic syndromes, such as Li-Fraumeni cancer syndrome 
and neurofibromatosis type 1, are associated with increased risk

Leiomyoma Rare in children, with only two case reports to date; more common in women aged 
30–60 years

Neurofibroma Majority of tumors are first detected in individuals younger than 18 years; manifests
IMT Manifests in individuals with a mean age of 7 years
Leiomyosarcoma Exceedingly rare in children; the youngest affected person reported in the literature was 

aged 10 years
Angiosarcoma Extremely rare; more common in males; manifests in individuals with an average age of 

2 years
Hemangioma Rare; usually occurs in individuals younger than 5 years
Neuroendocrine tumors
Paraganglioma Exceedingly rare in children; more common in individuals aged 30–60 years; the youngest 

affected patient reported was aged 10 years
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general anesthesia by loop electrode facilitates 
excision of visible tumors and provides speci-
mens for histologic confirmation of tumor grade 
and stage (Fig.  65.2). Tumor invasion into ure-
teric orifices or involvement of prostatic urethra 
guides further surgery.

Verified RMS patients proceed to risk- 
stratification treatment regimen of the multi-

modal approach devised by Children Oncology 
Group (COG) (Fig.  65.3) with the aim of pre-
serving functional organ and minimizing radia-
tion while achieving comparable outcome. 
Papillary tumors, on the other hand, are usually 
low-grade and noninvasive, and hence cysto-
scopic TUR is usually sufficient with regular sur-
veillance [5].

Table 65.2 Classification of bladder tumors in children [11]

Parameter TCCB PUNLMP LGCB
Classification reference WHO (1973) WHO (2004) WHO (2004)
Cellular features
Cell density Increased Increased Less increased
Size of cells Irregularity Minimal variations Variations
Cellular polarity Disturbances Preserved Variations
Differentiation Failure from the 

base to the 
surface

Basal layers show palisading, 
minimal to absent cytologic 
atypia

Orderly overall appearance of 
urothelium, typical cytologic 
atypia

Mitotic figures Displaced or 
abnormal

Rare, basal location Infrequent and may occur at any 
level but are more frequent basally

Typical cells Giant cells Umbrella cell layer preserved
Nuclear features Crowding Impression of predominant order 

with absent to minimal variation
Variations

Nuclear shape Variations Minimal variations Mild differences
Nuclear size Enlarged Slightly enlarged Uniformly enlarged
Nucleoli Present Absent Present but inconspicuous
Chromatin pattern Variations Fine Mild differences
Expression of cytokeratin 
20, CD44, p53, and p63

+ to ++ + ++

TCCB Transitional cell carcinoma of the bladder, PUNLMP Papillary urothelial neoplasm of low malignant potential

Clinical
• hematuria
• obstruction

Cystoscopy
• cytology
• biopsy
• TUR

U/S
• invasive
• papillary
  ingrowth

CT/MRI
• origin &
  invasion
• TNM staging

Fig. 65.2 Diagnostic workup

Radiotherapy
Laparoscopic

Radical
Cystectomy

Chemotherapy

Fig. 65.3 Multimodal approach to RMS treatment
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65.3  Positioning

• General anesthesia
• Lithotomy
• IV broad-spectrum antibiotic prophylaxis

65.4  Instrumentation

65.4.1  Equipment

• Rigid cystoscope set
• 9.5-,11-, or 14-Fr pediatric scope
• 70° lens optics (for visualization) or 12 or 30° 

lens optics (for resection)
• Resectoscope, cup biopsy forceps, and loop 

electrode
• Endoscopic camera and stack
• Light source
• Irrigation channel
• Irrigation fluid—water if monopolar diathermy 

is used, saline if bipolar electrocautery

65.5  Technique

65.5.1  Diagnostic Visualization

Male Female
•  Hold the penis in vertical position •  Separate the 

labia to view 
the urethra

•  Holding the cystoscope vertically, gently insert the 
tip into the urethra

•  Slowly advance the scope with 
slow irrigation to keep the lumen 
in view until the bulbar urethra 
and external sphincter are 
identified

•  Cystoscope 
advances to 
the bladder 
easily

•  Once the external sphincter is 
identified, the scope must be 
dropped down below the 
horizontal and advanced upward 
into the posterior urethra. The 
verumontanum and bladder neck 
are inspected, and the scope may 
need to be dropped further to 
clear a prominent bladder neck

•  Inspect the bladder in a stepwise fashion: trigone, 
ureteric orifices, and four quadrants of the bladder. 
Locate any papillary growths

• Empty the bladder

65.5.2  Resection Biopsy

An examination of the bladder may be helpful in 
adolescents under general anesthesia before 
preparation and draping and throughout the pro-
cedure may reveal a RMS mass but often misses 
small papillary tumors. Mass mobility or fixa-
tion should be assessed before and after resec-
tion [10].

Small tumors are often easily scooped en 
masse, but pedicled tumors are resected piece-
meal, using stalk for countertraction until the end. 
Friable, low-grade papillary tumors can often be 
resected with a cold loop to lower risk of bladder 
perforation and “frying” specimens, whereas 
solid high-grade tumors usually require powered 
loop for hemostatic control of tumor bed.

After “complete” resection of all “visible” 
tumor, an extra chip is scooped with the loop 
electrode, or a cold-cup biopsy is punched out 
and sent separately for histopathology to exclude 
muscle invasion that invariably impacts diagno-
sis. Vigorous irrigation to ensure proper hemosta-
sis at tumor bed concludes resection.

Introduction of bipolar electroresection is 
reported to allow TUR in saline and to minimize 
the risk of the obturator reflex, which can predis-
pose to bladder perforation [1].

Although diverticular tumors are rare in chil-
dren, yet owing to their muscle invasiveness 
involving perivesical fat, their complete resection 
often transgresses the bladder wall which theo-
retically may spread malignancy [1, 13]. 
Therefore, conservative resection is preserved for 
low-grade diverticular tumors followed by fulgu-
ration of their base. This could be repeated if final 
histology confirms high-grade. On the other 
hand, high-grade diverticular tumors must be 
sampled at the base (including perivesical fat), 
despite risking bladder perforation. Partial or 
radical cystectomy is the definitive surgery for 
such tumors, however.

Manual compression of the lower abdominal 
wall may bring anterior bladder wall or dome 
tumors closer to resectoscope to facilitate resec-
tion of such inaccessible lesions. Periureteric 
tumors represent a technical challenge. Resection 
of the orifice itself or even the intramural ureter 
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can be done if indicated yet risks refluxing malig-
nant cells [14].

The Bugbee electrode ensures good hemosta-
sis if placed on the biopsy crater with the bladder 
underfilled, by firing energy to crumble mucosa 
around the electrode. Light irrigation clears all 
clots and bubbles to visualize the coagulum 
painting biopsy crater.

If a tumor appears frankly muscle-invasive, 
multiple biopsies of the tumor edge and base to 
confirm invasion could be done instead of com-
plete resection to avoid bladder perforation, since 
cystectomy will likely follow. On the other hand, 
low-grade tumors have low risk of muscle inva-
sion obviating the need of transmural biopsy to 
avoid bladder perforation [15].

65.6  Postoperative Care

Transient hematuria, dysuria, and urgency are 
common complaints in the immediate postopera-
tive period. However, massive hematuria and pel-
vic pain raise the suspicion of a missed bladder 
perforation that may complicate less than 5% of 
TURs.

A postoperative urinary catheter is usually not 
needed unless there is a risk of perforation. 

However, if intraoperative bladder perforation is 
detected, an indwelling urinary catheter for uri-
nary diversion usually permits healing in few 
days.

Perioperative antibiotic prophylaxis is prefer-
able, but extended broad-spectrum antibiotic 
coverage is needed for suspected or confirmed 
bladder perforation.

65.7  Results

Most bladder perforations are extraperitoneal, 
but intraperitoneal rupture has been reported 
after TUR of dome tumors (Fig. 65.4) [1]. Risk of 
malignant seeding is negligible [11] yet theoreti-
cally exits [13]. Extraperitoneal perforations usu-
ally resolve on prolonged indwelling urethral 
catheter drainage. Intraperitoneal perforations, 
however, usually require open or laparoscopic 
surgical repair. Extended antibiotic prophylaxis 
is required in both.

Ureteral obstruction rarely complicates ure-
teral orifice resection due to scarring. Using pure 
cutting current minimizes this risk. Confirmation 
is done by cystoscopic visualization of efflux of 
IV indigo carmine or methylene blue to exclude 
obstruction. Strictures usually yield to balloon 

Fig. 65.4 Bladder perforations. (a) Extraperitoneal blad-
der rupture during transurethral resection (TUR) of a 
bladder tumor. (b) Intraperitoneal bladder rupture during 

TUR of a bladder tumor with subsequent intraperitoneal 
leakage of irrigant and urine. (a and b, ©2009 Memorial 
Sloan Kettering Cancer Center)
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dilation of the ureteric orifice or at times may 
need endoscopic laser incision. Rarely, failures 
may require formal reimplantation [1].

65.8  Tips and Tricks

• Video TUR allows magnification, facilitates 
resident teaching, allows documentation of 
findings, and reduces the risk of body fluid 
exposure to the surgeon.

• Lifting the tumor edge away from detrusor 
lessens the chance of perforation.

• Repeated slow fulguration may complicate 
the ability of the pathologist to determine 
grade or invasion status.

• Bladder perforations could be avoided by few 
tricks:

 – Continuous open irrigation avoids bladder 
overdistension and detrusor thinning.

 – Minimizing energy usage, preferably using 
bipolar rather than unipolar electrocautery.

 – Using anesthetic paralysis for lateral wall 
lesions to abolish obturator reflex.

 – Staging rather than complete resections of 
large muscle-invasive tumors.

• Biopsy cup forceps causes a smaller perfora-
tion, if any, than does the cutting loop.

• An increase in abdominal girth or fullness 
after resection suggests intraperitoneal 
perforation.

• Using pure cutting electrode for periurethral 
lesions and avoiding fulguration are advisable 
to minimize risk of scarring obstruction.

65.9  Discussion

Transitional cell carcinoma (TCC) of the bladder 
is an uncommon lesion in children and adoles-
cents. In contrast to adult disease that is associ-
ated with smoking and other environmental 
toxins, postulated risk factors in children include 
cyclophosphamide and dantrolene treatments [1].

Ultrasonography is the standard diagnostic 
tool with 100% sensitivity and is the preferred 
surveillance tool [13, 14]. On the contrary, VCUG 
is far less sensitive as dye density may obscure 

small lesions [5]. Definitive diagnosis by cystos-
copy provides biopsy for histopathological grad-
ing and staging, and in many papillary tumors, 
TUR is enough treatment [15].

Most lesions are superficial, low-grade 
tumors, seldom invasive fatal disease [1]. 
Pediatric TCC is best treated with transurethral 
resection, while intravesical therapy has no 
defined role. Bacille Calmette-Guérin (BCG) is 
of questionable benefit in arresting TCC progres-
sion in children yet is generally beneficial for 
high-grade papillary tumors and CIS in older 
children and adolescents [15].

Staged tumor resection whether planned 
beforehand (due to bulky tumor mass, surgically 
inaccessible, perforation risk, or anesthetic event) 
or dictated by imaging during follow-up is bene-
ficial for high-grade tumors since residual tumor 
is identified at the initial resection site in 26–83% 
of patients and corrected clinical staging errors in 
half of those patients [1, 6].

Repeat resection within 1–6 weeks is usually 
indicated in patients with high-grade disease, 
especially if no muscle was present in the initial 
TURBT. All suspicious lesions should be sam-
pled, but random biopsies are not required. 
Repeat TURBT can detect worse prognostic fac-
tors in 25% of T1 tumors especially if no muscle 
is identified on initial pathology. Survival was 
63% in patients who underwent a second 
TURBT versus 40% for those who did not, and 
recurrences appear to be lower after repeat TUR 
[1, 9].

Typically, pediatric bladder TCC does not 
involve the upper tracts; hence no current guide-
lines for routine upper tract surveillance exist 
[13]. Recurrence appears to be rare, even with 
high-grade disease [5]. Periodic surveillance 
with ultrasonography is therefore recommended 
owing to its sensitivity, obviating the need for 
serial invasive cystoscopy.
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Laparoscopic Management 
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66.1  Introduction

Ovarian cysts can be diagnosed in the fetal period, 
most of them in the third trimester of pregnancy. 
The incidence of presentation is of 1:2500 at 
referral centers. Three to five percent  
of children have small incidental ovarian cysts 
detected on ultrasound (US) [1]. It can be detected 
from the fetal period until adolescence. It is con-
sidered a pathological cyst when it has a diameter 
greater than 2 cm. However, it does not have the 
same meaning at one age or another. In neonates 
the pathological diagnoses usually are follicular 
cysts, intrauterine torsions, and, exceptionally, 
teratomas. In older girls, they are usually follicu-
lar cysts whose transcendence depends on the 
acquired size. When the cyst is accompanied by a 
solid component, we should suspect malignancy 
(teratomas or stromal tumors). In prepubertal 
girls with an ovarian mass or cyst, they should be 
operated if they are symptomatic or have poorly 
defined radiological signs. In adolescents, ovarian 
cysts must be related to the clinical history of 
menstruation and their sexual relations (Fig. 66.1).

The indication for laparoscopy will be made 
for patients with symptoms of abdominal pain, 
when there is a presence of a cyst greater than 
5 cm in diameter, or when a tumor is suspected. 

In neonates, laparoscopy is performed if the cyst 
does not regress or is complicated (it is not a sim-
ple follicular cyst). Conservative surgery of the 
ovary should be performed whenever possible, 
except in cases of malignancy. Even with the sus-
picion of ovarian torsion, surgery must be conser-
vative with detorsion and not with excision, and 
the cyst can be removed.

In this chapter we describe the laparoscopic 
treatment of ovarian conservative surgery, either 
by fenestration or by enucleation of the cyst 
(cystectomy).

66.2  Preoperative Preparation

Parents of patients and older girls should be 
informed of the effects of laparoscopy and interven-
tion. They must sign the written informed consent. 
In all patients a non-cuffed bladder catheter should 
be placed just after being anesthetized to properly 
observe the minor pelvis. Antibiotic prophylaxis is 
not used unless there is suspicion of infection or 
ovarian torsion. A blood sample will be taken for 
tumor markers when we suspect malignancy (alpha-
fetoprotein, human chorionic gonadotropin).

66.2.1  Positioning

The patient is placed in the supine position. In the 
case of neonates and infants, the patient is placed 
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crosswise to the operating table and the surgeon at 
the head of it. In older girls and adolescents, the 
surgeon will be placed to the left of the patient and 
the assistant to the right. The monitor should be 
placed at the patient’s feet. The operation will 
begin with the introduction of the optic by the 
navel with a trans- or infraumbilical incision with 
an open technique. The working ports will be 
placed on both sides of this trocar and in the same 
plane just to the sides of the lateral edge of the 
rectus abdominis muscles. In neonates the first tro-
car can be placed at the epigastrium or at the upper 
quadrant opposite to the cyst, in order to gain more 
intra-abdominal working space (Fig. 66.2). One or 
more trocars are then positioned as needed.

66.2.2  Instrumentation

It is necessary to have two grasping forceps, a dis-
sector, a monopolar electrode (hook), a scissors, 

two needle holders, suction cannula, and extrac-
tion bag. If possible, an electronic vascular seal-
ing device greatly facilitates hemostasis. The 
ideal lens should be 30° and a diameter of 5 mm. 

a b

c d

Fig. 66.1 Ultrasonographic images of ovarian cystic and solid lesions. (a) Simple cyst. (b) Complicated cyst. (c) 
Cystic teratoma. (d) Solid tumor

1

2

Fig. 66.2 Position of trocars
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A 3 mm lens can be used in neonates. The length 
of the instruments will vary depending on the size 
of the patient.

66.2.3  Technique

Controlled pneumoperitoneum is achieved using 
2–3 liters per minute of CO2 flow to reach a mean 
intra-abdominal pressure of 8–10 mmHg.

66.2.3.1  Fenestration
In cases of simple (follicular) cysts, the cyst can 
be partially emptied by aspiration puncture from 
outside and then opening thereof by cutting with 
scissors or a bipolar tissue sealing device. 
Hemostasis will be done by applying the energy 
of the monopolar scalpel to the scissors electrode. 

It will be left open to prevent re- accumulation of 
liquid inside (Fig. 66.3a, b).

66.2.3.2  Cystectomy
Cystectomy is performed by incising the ovary 
on its antimesenteric border. The hook can be 
used for initial incision delimitation. Blunt dis-
section separates the cyst wall from the ovarian 
capsule using gentle traction by two graspers, 
and the cyst will be removed in one piece. 
Suture of the capsule could be used to control 
hemostasis, but in absence of bleeding, it could 
be left open. With this technique the ovarian 
tissue contained in the capsule is preserved 
(Fig. 66.4a, b).

Benign cystic teratoma can be also managed 
by enucleating the mass leaving the normal ovar-
ian parenchyma in the capsule.

a b

Fig. 66.3 (a) Simple ovarian cyst. (b) Ovarian cyst opened (fenestration)

a b

Fig. 66.4 (a) Torsion of ovarian cyst. (b) Opening ovarian capsule after detorsion and cyst wall traction and removal 
(striping)
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66.2.3.3  Oophorectomy
When malignancy is suspected, oophorectomy and 
tissue lymphatic sampling are performed. Many 
surgeons suggest to convert to open operation for 
proper periaortic lymphatic sampling technique. In 
this case sub-umbilical midline incision is recom-
mended. Oophorectomy is also done in neonatal 
completely necrotic ovarian torsion (Fig. 66.5).

66.3  Postoperative Care

Postoperative pain can be reduced using low intra-
abdominal pressure and local anesthetic infiltration 
of ports. Nonsteroidal anti- inflammatory drugs 
(paracetamol, metamizol) can be administered 
every 6 h for the first 24–48 h. Oral feeding can be 
initiated after the patient is fully awakened and 
advanced it accordingly. Shower can be allowed 
after 48  h after surgery, and wound dressing is 
changed after it. Patient can be discharged on the 
first or second postoperative day if asymptomatic.

66.4  Results

Ultrasonographic follow-up studies have shown 
ovarian anatomy recovery and preservation of 
follicular tissue after fenestration or cystectomy.

66.5  Discussion

In a multicenter retrospective study, Tyraskis 
et  al. showed that prenatally diagnosed simple 
cysts resolved in 32% of cases, while 38% 
resolved postnatally. Fourteen percent underwent 
surgery postnatally, and 16% had torsion of the 
ovary. The torsion rate increased with size from 
0% in cysts <20 mm to 33% in cysts >50 mm. In 
between 0 and 40 mm, there is a higher rate of 
spontaneous resolution, and the median time to 
postnatal resolution was 10 (5–27) weeks in those 
treated conservatively [2]. Other publications 
suggest a similar pattern of spontaneous resolu-
tion [3]. So, it is recommended a conservative 
approach and postnatal ultrasound monitoring. 
Those cysts which exceed 5 cm and do not shrink 
postnatally may require surgical treatment [4].

Complex ovarian cysts lead to problems even 
after regression in the postnatal period and 
require operative intervention sooner or later. In a 
series of 38 patients, Karakuş et  al. found that 
three out of seven complex ovarian cysts that ini-
tially regressed presented with intestinal obstruc-
tion, and oophorectomy plus adhesiolysis had to 
be performed. In another series, surgical treat-
ment was required in 7 out of 11 (64%) complex 
ovarian cysts [5].

In prepubertal girls, visualization of ovarian 
follicles is perfectly physiological, as the diame-
ter does not exceed 10  mm. Ovarian cysts are 
well defined for fluid images of >20  mm. If 
asymptomatic they are usually discovered inci-
dentally by ultrasound. The natural history of 
functional cysts is eventually regression; persis-
tence is suggestive of malignancy. The onset of 
pain is a sign of complication, and abrupt pain 
with vomiting is a sign of torsion [6].

Bolli et  al. explore a predictive score of tor-
sion complication. They found that the presence 
of vomiting, short duration of abdominal pain, 
and elevated C-reactive protein level have a pre-
dictive value for the diagnosis of ovarian torsion 
in girls between 2 and 12 years old [7].

If operative intervention is necessary, ovary- 
preserving techniques should be utilized as 
describe in this chapter. Precocious pseudopu-
berty in girls is associated to an autonomous 

Fig. 66.5 Ovarian necrotic torsion in neonate
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ovarian cyst or in patients with McCune-Albright 
syndrome and occurs as a result of estrogen pro-
duction. These patients have suppressed LHRH 
testing and have simple ovarian cysts producing 
estradiol. Current management involves surgery 
(cystectomy) and endocrinological therapy (phar-
macological suppression) [8].

Papic’s group found, by histopathology, via-
ble ovarian tissue in all three oophorectomies 
performed. Also, postnatal torsion occurred in 
1/25 observation patients (4%) or in 1/8 (13%) 
with cysts ≥50 mm [9]. So, stripping of benign 
ovarian cysts has been reported to be preferable 
to cyst wall ablation. It is shown that no ovarian 
tissue is removed together with the cyst if the cyst 
is non-endometriotic [10].

Finally, in a big series of adolescents and 
young adults, there were only 4 malignant cysts 
(1.4%). Cystectomy was performed in 205 cases 
(72.7%), fenestration of cyst wall was performed 
in 53 cases (18.8%), and aspiration was applied 
in 22 cases (7.8%). The types of operation were 
not significantly different among adolescents and 
young adults (P > 0.05) [11].

In summary, prenatally simple cysts can be 
managed expectantly, as complicated cysts have 
to be operated. In older girls, cyst greater than 
5 mm in diameter has a great chance of torsion, 
and laparoscopy is indicated. Conservative sur-
gery can be done in majority of cases, by fenes-
tration, cystectomy of even simple aspiration.
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Laparoscopy for Ovarian Tumors

Henri Steyaert and G. Rodesch

67.1  Introduction

Management of ovarian tumors depends on the 
age, the radiologic (sonographic) appearance, but 
also the type of symptoms (acute or not).

In order to describe more accurately the tech-
nical options, this chapter will be divided into 
three parts:

 1. Laparoscopy in functional ovarian cysts in 
neonates

 2. Laparoscopic ovary-sparing surgery in symp-
tomatic children and adolescents

 3. Laparoscopy in solid tumors of the ovary

67.2  Laparoscopy in Functional 
Ovarian Cysts in Neonates

67.2.1  Introduction

There is still a controversy in the management of 
prenatal and postnatal functional ovarian cysts 
depending on their ultrasound pattern, the diam-
eter of the cyst, and expertise of gynecologist, 
radiologist, and surgeon [1].

Prenatal management varies from simple 
oversight to evacuating puncture that has some-
time to be repeated [2]. In our institution gyne-
cologists prefer an evacuating puncture just 
before birth the risk of torsion seeming increased 
close to birth.

After birth there are two scenarios [3]: first is 
the presence of a complex cyst at ultrasound. 
The ovary is lost, and surgery will be delayed 
for several weeks; second is a simple cyst of 
more than 5 cm. In this case a US-guided trans-
cutaneous evacuating puncture may be tried, or 
patient is put on the operating table for a punc-
tion under laparoscopic control very soon after 
birth in order to avoid torsion and loss of the 
ovary [4, 5].

67.2.2  Preoperative Preparation

No special preparation is needed. A nasogastric 
tube is not necessary. Urinary catheter may be 
helpful but is not mandatory. No antibiotics are 
needed.

67.2.2.1  Positioning
The patient is placed in a supine position trans-
versally across the operating table. This allows 
surgical and anesthetic teams to be close to the 
baby. Depending on surgeon’s habit, he can stay 
on the legs or on the head of the patient. With 
the surgeon on the head, the trocars are inserted 
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into the umbilicus and laterally on each side of 
the umbilicus. If the surgeon stays on the legs, 
the operating trocars are moved to the right and 
left iliac fossa. The first position is probably 
easier for handling; the second one is cosmeti-
cally better certainly in case 5 mm trocars are 
used. Our preferred trocars are 3  mm ones at 
that age.

67.2.2.2  Instrumentation
No special equipment is required.

67.2.2.3  Technique
A three-trocar technique (5 mm scope at 30° and 
two 3  mm operating trocars) is used. Open 
access for introduction of the first trocar is the 
rule in pediatric surgery whatever the age. This 
is certainly the case in newborns. A “smile” 
umbilicoplasty in the inferior fold of the umbili-
cus or a vertical transumbilical opening may be 
preferred. Access to the peritoneum takes mostly 
few seconds due to a frequent patent umbilical 
process.

US-guided transcutaneous puncture is pre-
ferred in case of very large cyst. Evacuation is 
controlled by the scope. After puncture, insuffla-
tion is maintained between 4 and 8 mmHg.

If an auto-amputed ovary is discovered, the 
ovary has to be searched everywhere in the 
abdominal cavity but may be missing. By experi-
ence we notice that the ovary is frequently situ-
ated in the hepatic region. Extraction through the 
umbilical incision is mostly easy even if some 
adhesions have to be cut using a monopolar hook 
or scissors. In case of necrotic ovary still attached 
to the fallopian tube, the easiest way is to aspirate 
the content and attract the ovary through the 
umbilicus. Oophorectomy is done outside the 
abdominal cavity before reintroducing the tube 
into the peritoneum. Intraperitoneal oophorec-
tomy is, notwithstanding, perfectly possible. 
Addition of a retracting forceps in the suprapubic 
region may help to stabilize the ovary for this 
purpose (2 mm single-use trocarless instrument). 
A cystectomy is possible in case of uncompli-
cated cyst, but mostly an evacuating puncture is 
enough because the neonatal cysts have less ten-
dency to recur.

67.2.3  Postoperative Care

Feeding is usually started within the first 6 post-
operative hours, and patient leaves the hospital at 
day 1 or 2 post-op.

67.2.4  Tips and Tricks

 – Before surgery, future porthole sites may be 
infiltrated with bupivacaine 0.2% up to a total 
dosage of 1.5 mg/kg.

 – A sleeve around the trocars may help to fix them 
to the abdominal wall and ensure a good posi-
tion of the end of the trocar just into the perito-
neum in order to increase the available space.

 – Use of 20 cm short instrument set is recom-
mended in neonates.

67.2.5  Discussion

Actually most of the ovarian cysts are seen prena-
tally. Diagnosis is often made during the third 
trimester of pregnancy. Differential diagnosis 
includes mesenteric cysts and duplications. 
Postnatally, cysts are mostly asymptomatic. 
Rarely adhesions between the tube and an ampu-
tated cyst may cause bowel obstruction.

There is still no consensus about the best 
approach of those cysts after birth. Several teams 
decide just to follow them because resolution is 
frequent with time. Others decide, as in our 
department, to operate in order to be sure not to 
have an eventual torsion. The question of the size 
(diameter) needing surgery is also not known. 
Mostly the cutoff is around 5 cm in diameter.

It is possible to preserve the neonatal ovary in 
non-complicated cysts. That’s why we are in 
favor of an early surgical treatment (punction 
under laparoscopic control) soon after birth in 
those cases. In case of torsion, experience shows 
that the fallopian tube is frequently twisted at the 
junction of the proximal 2/3 and terminal 1/3. In 
those cases gynecologists suggest a complete 
resection of the ipsilateral tube in order to avoid 
problems later (implantation difficulties or extra 
uterine pregnancy). This is also controversial [6].
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67.3  Laparoscopic Ovary-Sparing 
Surgery in Symptomatic 
Children and Adolescents

67.3.1  Introduction

As a result of hormones, stimulation of the ovary 
occurs during puberty and adult fertile life. 
Follicular cysts may sometimes increase in size 
and become real “functional ovarian” cysts. Once 
the diameter reaches 5 cm, the majority of authors 
estimates that the risk for torsion is high and sur-
gical management mandatory. Indication is obvi-
ous in case of accompanying symptoms (pain, 
severe dysmenorrhea), mostly in emergency, but 
waiting may be discussed (4–8 weeks) in asymp-
tomatic patients.

In some cases, symptoms are acute, and ultra-
sound examination diagnoses a mass containing 
solid or semisolid content (blood) eventually 
accompanied with a torsion. Torsion is not always 
easy to diagnose with a transabdominal ultrasound. 
Torsion of the vessels has to be searched for.

67.3.2  Preoperative Preparation

A nasogastric tube is placed in case of emergency 
surgery. Broad-spectrum antibiotics are started in 
case a complicated cyst is suspected. A urine 
catheter is useful in order to free the pelvic 
cavity.

67.3.2.1  Positioning
Patient is placed in a supine Trendelenburg posi-
tion. Surgeon stays on the opposite side of the 
affected ovary. The video screen is located at the 
foot of the patient on the side of the affected 
ovary and must be in line with surgeon’s eyes. 
Accessory screens may help scrub nurse and/or 
anesthesiologist to follow the operation.

67.3.2.2  Instrumentation
Bipolar electrocautery should be available. Mini- 
laparoscopic transcutaneous instruments are inter-
esting to have in order to grasp the tissue for 
presentation. Mostly a four-trocar technique is 
used. Either a suprapubic and a contralateral lower 

quadrant port or both lower quadrant ports can be 
used + an accessory trocar of percutaneous instru-
ment in the suprapubic region. The scope is as 
usual a 5 mm 30° one. A suction/irrigation device 
is needed. An endobag device is also helpful.

67.3.2.3  Technique
In children, laparoscopic technique is always 
open. The first blunt trocar is inserted after verti-
cal transumbilical or infraumbilical “smile” 
incision.

Once the scope is in place, insufflation may 
start. After a quick overview of the abdomen, the 
two accessory trocars are inserted under visual 
control and eventually a fourth trocar (of instru-
ment) just suprapubic for retraction.

In girls ovarian surgery should always be pre-
ceded by careful inspection of the pelvic perito-
neum, contralateral ovary, and abdominal content.

In case of non-complicated cyst, a line is drawn 
with the monopolar hook on the ovarian capsule 
(in the long axis of the ovary) that is gently opened 
using scissors just following the line. The supra-
pubic instrument may help to stabilize the ovary 
during operation. Bluntly a plane is created 
between the cystic wall and the ovarian cortex 
spreading progressively the two lips of the cortex. 
Once widely separated from the ovary, the content 
of the cyst is aspirated with a fine needle. At that 
moment, the cyst may be opened and inspected 
with the help of the scope. Once the cyst is empty, 
it can be grasped with a large forceps and detached 
using the “spaghetti” maneuver. The last attach-
ments of the cyst are mostly the most solid and 
may bleed. Sometime a bipolar cautery may be 
helpful. Once the cyst freed, extraction can be 
done. Best is to use an endobag except if surgeon 
is 100% sure that it’s a functional cyst. The ovary 
doesn’t need to be closed except in case of diffi-
cult hemostasis. Thorough irrigation of the pelvis 
is performed at the end of surgery.

In case of twisted ovary, the first thing to do is 
a detorsion. The additional suprapubic instru-
ment is particularly helpful for this purpose. 
Once untwisted the ovary is to be let in place 
whatever the aspect (even if the ovary is black or 
green) (Figs. 67.1 and 67.2). Recovery is surpris-
ingly good for ovaries, and a second look few 
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weeks after detorsion (or US with Doppler study) 
is the best option in case of doubt.

An untwisted ovary is never opened for cyst 
removal even if the risk for malignancy in a twisted 
ovarian mass is small (less than 3%). Postoperative 
workup may conclude that a tumor may have been 
responsible for the torsion and proper manage-
ment scheduled in much better conditions.

67.3.3  Discussion

Functional cyst is the most encountered ovarian 
pathology in prepubertal and pubertal girls [7]. 
Most are diagnosed incidentally or during non-
specific abdominal symptoms. Risk of torsion 
depends on the size, but there is no real consen-
sus about that size [8]. Most authors write that 

over 5  cm of size cyst management will be 
needed. Laparoscopy is an excellent tool in order 
to deal with functional cysts. Large cysts, how-
ever, may bleed and finally rupture or twist with 
loss of the ovary. Some of those cysts are para-
ovarian from mesothelial, paramesonephric, or 
mesonephric origin. They can sometimes reach 
impressive diameters. They can also twist. 
Laparoscopy may be difficult in large cysts due to 
the lack of space [9].

Laparoscopy increases the risk of cyst rupture, 
in particular in large cysts. Surgeons must be cer-
tain of the benignity of the tumor before any 
minimal invasive manipulation. In case of any 
doubt about eventual presence of a tumor, con-
version is probably the safest option. In case of 
torsion, the ovary has to be let in place whatever 
the aspect of the tissue after detorsion [10]. The 
success of laparoscopy not only depends on the 
skill of the surgeon but also and even more 
importantly on the proper preoperative evalua-
tion and patient selection [7].

67.4  Laparoscopy in Solid Tumors 
of the Ovary

67.4.1  Introduction

The risk of malignancy for ovarian tumors in 
girls, including both solid and cystic lesions, is 
around 10–25%. Laparoscopic surgery seems to 
be a safe option in most of the cases encountered 
in children [11].

The most common solid ovarian tumors are 
mature teratomas [12]. Those tumors are mostly 
benign and tumor markers (alpha-fetoprotein) 
normal. Adult series of laparoscopic enucleation 
are published. In children there are only case 
reports. Cystadenoma is another benign tumor 
that may be bilateral in more than 10% of the 
cases. Laparoscopic enucleation is also described.

67.4.2  Preoperative Preparation

Same as for cyst removal. Tumor markers such as 
alpha-fetoprotein, CEA 125, and beta-hCG are 
determined.

Fig. 67.1 Untwisting ovary with the help of a suprapubic 
instrument

Fig. 67.2 Blue/black ovary and tube. Oophorectomy is 
quite never done at first operation
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67.4.2.1  Positioning
Same as above.

67.4.2.2  Instrumentation
Same as above. A thermofusion instrument may 
be helpful in case of large tumor.

67.4.2.3  Technique
Technique of enucleation is the same as for a 
cyst. Spillage of cyst contents must be avoided 
but is not always easy to confirm, in particular in 
tumors containing solid and cystic parts. All 
specimen have to be extracted with the help of an 
endobag. In case of a large tumor, we prefer to 
enlarge one of the lower abdomen portholes in 
order to control completely the extraction.

67.4.3  Tips and Tricks

 – Hydrodissection is a good tool in order to help 
separation between ovarian cortex and cyst 
wall.

 – The size of the bag must be chosen regarding 
the size of the tumor at preoperative ultra-
sound (from 5 to 15 mm).

 – Some gynecologists advocate to let around 
100 mL liquid in the pelvis at the end of the 
operation because it seems to avoid adhesion 
formation and decreases pain.

 – A drain is mostly pushed into the pelvis for 
24–48 h.

67.4.4  Discussion

When there are no clear tumor characteristics that 
define malignancy and as the risk of malignancy is 
significant, these doubtful pediatric ovarian lesions 
should always be managed and completely staged 
in the assumption that they are malignant [13]. This 
assumption would say that, in such cases, the ovary 
may not be opened (for any reason) and that a com-
plete oophorectomy has to be conducted avoiding 
any damage even to the capsule. For that reason 
authors advocate a laparoscopic staging (abdomi-
nal and omental exploration, contralateral ovary 
exploration, intraperitoneal fluid sampling) contin-
ued by a conversion to a Pfannenstiel incision for 

proper excision of the tumor. In that case, even an 
enucleation may be sufficient and safe because 
eventual spilling will take place outside the abdo-
men. Recently some communications were made 
about peritoneal carcinomatosis after enucleation 
of mature teratomas (with a little part of immature 
cells not seen even at pathologic examination). 
Authors found also a publication with one case of 
immature teratoma in a series of supposed mature 
teratomas [14]. All those arguments convinced the 
authors to go back to a more conservative attitude 
using laparoscopy only for excision of functional 
cysts, untwisting ovaries, and staging.

Mostly a malignant tumor will be recognized 
at exploration [15, 16]. Surface of the tumor is 
irregular, eventual cyst wall is thick, there are 
adhesions with the adjacent organs and perito-
neal implants, and there is presence of ascites. In 
those cases, sampling by laparoscopy and con-
version to a Pfannenstiel incision is the most 
secure way to go. Each case has to be discussed 
with oncologists and radiologists because che-
motherapy is actually of great efficiency in treat-
ing malignant ovarian tumors.

But the main question is always: in case of 
proper surgery (without opening of the capsula, 
etc.), is chemotherapy necessary? If not, surgery 
must be absolutely perfect if a minimal invasive 
surgery is chosen. At the end of the operation the 
tumor (of the ovary) has to be extracted by at 
least an enlargement of one of the lower trocar 
holes. For all those reasons, authors are actually 
convinced that laparoscopy is a perfect tool for 
exploration and sampling but that conversion is 
the best option for the tumor resection.
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68.1  Introduction

Paratubal and paraovarian cysts represent 
approximately 10% of all adnexal masses [1, 2]. 
The peak incidence occurs during the third and 
fourth decades of life with only 4% occurring in 
adolescents [3]. The lifetime prevalence is 
thought to be 5–15% [4]. Paratubal and paraovar-
ian cysts are benign and commonly found as inci-
dental findings during other surgical procedures 
(Fig. 68.1) [5].

Paratubal cysts (PTCs) are seen in women of 
all ages and are simple cystic structures filled 
with serous fluid that are located along the 
ampulla of the fallopian tube, usually arising 
from the broad ligament or mesosalpinx. They 
originate from mesothelium or are thought to be 
remnants of paramesonephric (Mullerian) and 
mesonephric (Wolffian) ducts. These Wolffian 
remnants are destined to become male reproduc-
tive structures in the presence of androgen secre-
tion during embryonic development. It has been 
postulated that these Wolffian remnants found in 
females, in the form of PTCs, might also have 
androgen sensitivity [6]. Paramesonephric duct 
remnants tend to occur more commonly within 
the broad ligament rather than at the fimbriated 

ends of the fallopian tube. The size of the PTCs 
seen in the broad ligament might range from 1 to 
8  cm in diameter; however, cysts up to 10  cm 
have been documented in case studies, and under 
the influence of hormonal factors, they can reach 
huge sizes [7–9]. Stimulating hormonal factors 
have been postulated for PTC development, but 
no direct association has been determined. 
Although malignancy has been described, it is 
extremely rare, with an incidence of 2–3% among 
those diagnosed with paratubal or paraovarian 
cysts [10, 11]. Characteristics of PTCs are highly 
variable because some may be septated and have 
an ovoid appearance or they may be sonolucent 
and have a tubular appearance [12]. PTCs usually 
consist of either unciliated epithelium, ciliated 
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Fig. 68.1 A right paraovarian cyst incidentally found 
during laparoscopy performed for left ovarian inguinal 
hernia
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cuboidal epithelium, or ciliated columnar epithe-
lium [1]. A paratubal cyst is a closed, fluid-filled 
sac that grows beside or near the ovary and fal-
lopian tube but is never attached to them. It is 
located at the ligament between the uterus and 
the ovary, and usually it is unilateral and benign. 
When a PTC is pedunculated and located near the 
fimbria of the fallopian tube, it is referred to as a 
hydatid cyst of Morgagni, which is usually 
smaller than 2  cm. Hydatids of Morgagni are 
among the most common benign, noninflamma-
tory conditions of the fallopian tubes. These 
Wolffian duct remnants are simple cysts filled 
with serous fluid that occur near the fimbriated 
ends of the fallopian tube. Hydatid cysts of 
Morgagni are classified as PTCs but differ in that 
they tend to be smaller and are typically attached 
to the fimbria of the fallopian tube. Because of 
their small size of less than 2 cm, they were pre-
viously hard to distinguish from ovarian cysts 
during transabdominal ultrasound [1, 13].

Paraovarian cyst arises in the part of the broad 
ligament between the fallopian tube and ovary. 
Gartner’s duct cyst, unilocular serous cystadeno-
mas, and ovarian cysts, such as follicle cyst or 
corpus luteum cyst, may have a similar appear-
ance, and the accurate preoperative diagnosis of 
paraovarian cyst is difficult. In the literature, it 
was reported that paraovarian cysts are probably 
more common in women between 30 and 40 years 
of age, while they are very uncommon in chil-
dren, and most paraovarian cysts are incidentally 
discovered during pelvic surgery [1].

68.2  Clinical Presentation

Although paratubal and paraovarian cysts are not 
uncommon, they rarely cause symptoms and are 
usually incidentally found [1]. A certain diagnosis 
of these cysts is not usually possible preopera-
tively. Therefore, they are usually found inciden-
tally during operative procedures for other 
indications [5, 14]. A preoperative misdiagnosis 
as true ovarian cysts is very common and creates a 
major problem [15]. The symptoms occur when 
they grow excessively or in case of hemorrhage, 
rupture, or torsion. Their enlargement presents 
more frequently in the early menarchal female 

due to secretory activity of the tubal epithelium, 
which is subject to hormonal influence after the 
postpubertal years. The associated physical exam-
ination findings are vague with deep pain in the 
pelvis and/or abdomen on palpation and a con-
comitant large cyst on ultrasound. Most hydatids 
of Morgagni achieve the size of about 1 cm, and 
they can rarely undergo torsion with infarction by 
strangulation of their mesentery. After torsion 
they may become symptomatic causing intermit-
tent chronic pelvic pain or acute abdominal pain.

Torsion of paratubal and paraovarian cysts is 
rare due to their location; however, if torsion does 
occur, the infundibulopelvic ligament and ipsilat-
eral ovary are frequently involved [16, 17]. The 
right adnexa undergo torsion more commonly 
than the left with a ratio of 3:2 [18]. This is due to 
the support of the left adnexa by the fixed sig-
moid colon in the left lower quadrant. The diag-
nosis of tubal torsion is often difficult because 
symptoms are nonspecific [19, 20]. The only con-
sistent presenting symptom is intermittent 
abdominal pain. Nausea and vomiting are less 
common. Physical findings include abdominal 
tenderness with or without peritoneal signs and 
adnexal tenderness on pelvic examination. A spe-
cific mass is not always palpable. Laboratory val-
ues are usually nonspecific; occasionally there 
may be an elevated white blood cell count. 
Ultrasound is the best imaging modality [11]. 
Characteristic features include an elongated, cys-
tic mass with variable septations and scattered 
internal echoes, which often tapers near the uter-
ine cornua. While these features are not always 
seen, if such a mass and normal ovarian paren-
chyma on that side are observed on ultrasound, 
diagnosis is fairly certain. If the ovary is twisted 
as well, diffuse swelling of the ovarian paren-
chyma and follicular enlargement in the cortical 
zone may be seen on the sonogram. Color 
Doppler may be helpful in such cases [11, 12].

Symptomatic paratubal cysts complicated by 
acute tubo-ovarian torsion share a common clini-
cal presentation with other more common condi-
tions, and the differential diagnosis in an adolescent 
female includes acute appendicitis, kidney stones, 
incarcerated hernia, pelvic inflammatory disease, 
gastroenteritis, and ectopic pregnancy [19]. 
Adnexal torsion should therefore be kept in mind 
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in the differential diagnosis of all pediatric patients 
including those of prepubertal age who present 
with acute abdominal pain [13].

68.3  Diagnosis

Diagnosis of paratubal and paraovarian cysts has 
proven difficult. The best imaging modality avail-
able is ultrasonography (US); however, in many 
studies, only 30–44% of paratubal cysts were 
correctly identified prior to surgery [14]. 
Typically, uncomplicated paraovarian cysts are 
solitary, thin-walled, and unilocular, separate 
from the ovary with no septa or folds, and are 
sonographically anechoic or hypoechoic [12]. 
The dissociation of the cyst from the ovary when 
pushing the probe is a useful sign, called as “split 
sign,” for discriminating paraovarian masses 
(Fig.  68.2) [15, 19]. Multilocular paraovarian 
cysts have rarely been described.

Paratubal cysts appear as round cysts attached 
to the fimbriated end of the fallopian tube by a 
pedicle [12, 14]. Other imaging techniques like 
computerized tomography (CT) and magnetic res-
onance imaging (MRI) can also be used in differ-
ential diagnosis. MRI features of paraovarian cysts 
were described as homogeneous cystic masses 

near the ipsilateral round ligament and the uterus. 
Especially demonstration of a normal ovary sepa-
rate from the cyst is an important MRI finding [15].

There is no specific finding on CT other than 
unilocular cystic masses near the adjacent ovary 
showing fluid attenuation or signal.

In cases of secondary adnexal torsion, the sono-
graphic features of the tubal component include 
the visualization of the twisted vascular pedicle 
and a dilated tubular structure with thickened echo-
genic walls and internal debris or hemorrhage, sit-
uated between the uterus and the ovary. Color and 
spectral Doppler sonography of the intraovarian 
vascularity has been found to be of limited value in 
the exclusion of torsion [16]. While the absence of 
blood flow does usually indicate torsion, blood 
flow can still be demonstrated in torsed ovaries in 
up to 64% of cases [17]. Diagnostic features of 
ultrasound color Doppler may show a high imped-
ance waveform with reversal of diastolic flow in 
the affected tube (Fig. 68.3) [11].

A CT scan may be useful to rule out other 
causes of lower abdominal pain such as acute 
appendicitis. CT features of tubal torsion are a 
thickened fallopian tube and smooth eccentric 
cyst wall thickening, and CT is suggested as an 
alternative for overweight patients where US 
may be of limited value [13]. In case of diagnos-
tic doubts, the MRI is preferable to clarify the 
diagnosis, avoiding radiation damage on the 
ovary, especially in young girls [18].

Fig. 68.2 Asymptomatic paraovarian cyst, separated 
from the ovary

Fig. 68.3 US appearance of a torsed tube: US images 
show a complex structure next to the right ovary, with no 
flow apparent on the Doppler image

68 Laparoscopic Approach to Paratubal and Paraovarian Cysts



498

68.4  Laparoscopic Treatment

Since paratubal and paraovarian cysts are gener-
ally asymptomatic, they can be incidentally dis-
covered during a laparoscopy performed for 
another indication [9, 14]. In this latest occur-
rence, their resection is indicated considering the 
risk that they could later enlarge and/or be sub-
jected to torsion. In addition, in several cases, 
these lesions are discovered during laparoscopies 
performed for right lower quadrant pain since 
torsion of right adnexal lesions produces symp-
toms similar to acute appendicitis [14].

Traditional midline laparotomy has been the 
conventional surgical approach for the removal 
of symptomatic giant paraovarian and paratubal 
cysts [9, 19]. Oophorectomy or tubal excision is 
sometimes required. Because of the well- 
recognized advantages of the laparoscopic proce-
dures, recently paraovarian and paratubal cysts 
have been managed by the mini-invasive 
approach [9, 10]. Different minimally invasive 
approaches have been described until now.

68.4.1  Single-Incision Single- 
Instrument (SISI) Approach

This approach uses a 12-mm standard laparos-
copy trocar introduced transumbilically, after 
placement of an indwelling bladder catheter. 
Then an operating endoscope, which combines a 
10-mm, 0° lens with an offset eyepiece and a 
5-mm port through which a long instrument, such 
as a grasper or suction, can be introduced, is 
adopted. Ovarian torsions can almost always be 
reduced with this instrument. For large simple 
cystic lesions, aspiration of the cyst fluid is per-
formed with a spinal needle introduced through 
the anterior abdominal wall under direct vision 
while stabilizing the lesion with the grasper or by 
cauterizing a hole in the cyst with the long suc-
tion and then inserting it inside the cyst. Such 
decompression affords increased mobility of the 
adnexa. If the cystic lesion is so large that it 
extends out of the pelvis and can be directly visu-
alized through the umbilical incision, it is grasped 
with an atraumatic clamp. Once the adnexa are 

mobile, they are extruded through the umbilical 
incision, using a fascial extension if needed. 
Ovarian-sparing procedures are attempted when 
possible, with the cystic lesions being dissected 
off the normal ovarian parenchyma, which is 
dropped back into the abdomen after achieving 
hemostasis.

Conversion to standard laparoscopy is depen-
dent upon the experience and comfort of the sur-
geon with each individual case [12, 13].

68.4.2  Single-Incision Laparoscopic 
Surgery (SILS) Approach

After urinary decompression via Foley catheter 
performed prior to the procedure, entry into the 
abdomen is accomplished through a 2-cm longi-
tudinal incision in the umbilicus. The underlying 
midline fascia is opened over a length of 1.5–
2.5 cm to enter the peritoneal cavity. Two differ-
ent devices may be used, (1) TriPort or (2) a 
homemade port, using a plastic ring rolled up 
onto the wrist portion of a surgical glove and then 
inserted through the umbilical incision site. A 
5-mm endoscope is introduced into the port, and 
the patient is placed in moderate Trendelenburg 
position to get maximum exposure of the lower 
abdomen. With reusable 5-mm standard straight 
laparoscopic instruments, the adnexa are mobi-
lized, and a straight electrocautery instrument is 
used for unroofing the cyst. More complex 
adnexal dissection and/or resection can be car-
ried out with the use of the Harmonic scalpel, an 
endoloop, or an endostapler [14, 15].

68.4.3  Three-Trocar Laparoscopic 
Approach

A carbon dioxide pneumoperitoneum is created 
using the open laparoscopy technique under 
vision through an umbilical incision. A three- 
trocar laparoscopy is performed. The primary 
10-mm port is inserted through the umbilicus for 
the 10-mm 0° optic, and 2 secondary 3- or 5-mm 
working ports are inserted for laparoscopic 
instruments (Fig. 68.4).
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Laparoscopic inspection of the pelvis is carried 
out to inspect the pelvic organs and to identify the 
cystic lesions. In case of a voluminous fluid-filled 
cyst, aspiration of the cyst fluid is performed with 

a spinal needle introduced through the anterior 
abdominal wall under direct vision while stabiliz-
ing the lesion with a grasper. Then the cyst is 
excised using monopolar scissors or sealing 
devices (Fig. 68.5). At the end of the procedure, 
the specimen is extracted through the central 
umbilical 10-mm port without the need to use an 
endobag [16–18].

68.4.4  Laparoscopic Treatment 
of Adnexal Torsion

Early diagnosis and immediate intervention are 
necessary in cases of ovarian and/or tubal torsion 
in order to preserve long-term ovarian function 
and fertility. The gold standard of diagnosis and 
treatment is operative laparoscopy. With isolated 
tubal torsion, the tube can be untwisted unless 
there is evidence of necrosis and/or rupture. The 
current surgical approach is laparoscopic detor-
sion without removal of the fallopian tube/ovary 
accompanied by removal of any tubal and/or 
ovarian mass that may have precipitated the tor-
sion. Fixation of the torted isolated tube or 
accompanied ovary (if present) is controversial. 
If the torsion is due to an adnexal mass, excision 
of the mass with detorsion should be curative. If 
the torsion is due to a spontaneous event, fixation 
to the peritoneum of the sidewall or cul-de-sac 
with permanent suture may be an option [19]. 
However, if, after detorsion maneuver, the tube 
and ovary appear clearly necrotic, the sole thera-
peutic option is to perform an oophorosalpingec-
tomy (Fig. 68.6).

Fig. 68.4 Trocars’ position

Fig. 68.5 A paratubal cyst, incidentally discovered dur-
ing a laparoscopic inguinal hernia repair, was excised 
using a monopolar hook

Fig. 68.6 After laparoscopic detorsion, the tube and ovary appeared clearly necrotic, and an oophorosalpingectomy 
was performed using a sealing device
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68.5  Discussion

Laparoscopic surgery is considered the gold- 
standard treatment for the management of 
adnexal lesions in the pediatric and adolescents 
population. One reason is that postoperative 
adhesions are usually rare after laparoscopic sur-
gery and this increases chances for future fertil-
ity in this age group [13]. Also, the cosmetic 
advantages of laparoscopic surgery are more 
profound in pediatric and adolescent patients 
(Fig.  68.7) [20]. For adults, previous reports 
have documented similar rates of major postop-
erative  complications between laparoscopy and 
laparotomy for the management of benign gyne-
cologic lesions. However, minor postoperative 
complications like fever and postoperative 
wound and urinary tract infections are less com-
monly seen in patients who undergo laparoscopic 
surgery [11].

Because of the benign nature of these cysts 
and the lack of spontaneously resolution based on 
its Wolffian origin, it is reasonable to consider 
definitive surgical management in cases of persis-
tent or enlarging cysts noted on serial ultrasounds 
in order to decrease the risk of cyst recurrence 

and ovarian torsion in the future [20]. Because 
these cases may present with adnexal torsion, all 
efforts should be made to salvage the adnexa 
whenever possible, and, in the absence of tissue 
necrosis, definitive treatment involves excision of 
the cyst alone [16]. Paraovarian cysts larger than 
5  cm in diameter are the most symptomatic, 
necessitating surgical intervention [14]. Although 
rare, paraovarian cysts containing neoplasm have 
been reported [10, 11]. Neoplasms constituted 
2.9% of the reported cases, and most neoplasms 
were carcinoma, such as cystadenocarcinoma 
and papillary carcinoma. Most neoplasms 
occurred in adults, but it should be noted that 
paraovarian carcinoma can also occur in young 
patients [14]. Also female hydatids of Morgagni, 
although rare in premenarchal patients, may 
become symptomatic due to torsion [15]. The 
mechanisms of torsion are the following: (a) tor-
sion of the hydatids of Morgagni on its pedicle 
with intact adnexa, (b) torsion involving the 
adnexa, and (c) torsion and entanglement of the 
hydatids of Morgagni’s pedicle around the distal 
fallopian tube [1]. In theory, cystic dilatation of 
these Wolffian duct remnants is thought to be 
more frequent in adult women owing to secretory 
activity of the tubal-type epithelium under the 
hormonal influence after the postpubertal years 
and in pregnancy. However, it has been reported 
that the torsion of hydatids of Morgagni may be 
encountered in acute onset lower quadrant pain in 
premenarchal adolescent girls in the presence of 
normal inflammatory markers and ultrasound 
results of the pelvic region. In cases of a normal-
appearing appendix on laparoscopy in adolescent 
girls, it is important for the pediatric surgeon to 
be aware of this condition and inspect the adnexal 
region thoroughly [15].

In addition, since these formations are often 
incidental findings during laparoscopies per-
formed for other indications, most frequently 
being laparoscopic exploration for right lower 
quadrant (RLQ) acute or chronic pain, it seems 
that a thorough search of the adnexa for the pres-
ence of paratubal or paraovarian cysts during 
laparoscopic exploration for RLQ pain is a use-
ful procedure [17]. The intraoperative diagnosis Fig. 68.7 Cosmetic outcome of laparoscopic procedure
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during the thorough inspection of the adnexal 
region in the setting of a normal-looking ovary 
seems to be easier during laparoscopy compared 
with an open operation. This may not only lead 
to resection of a cyst that could later enlarge 
and/or be subjected to torsion but would also 
allow detection of other pathological lesions of 
the right adnexa that often produce symptoms 
similar to acute appendicitis. This procedure 
could also prove beneficial in cases of future 
infertility, considering that excision of a para-
tubal cyst may result in pregnancy in a substan-
tial number of infertile women [20]. The 
significant effect of paratubal cystectomy on 
tubal patency supports the concept of routine 
removal of any paratubal or paraovarian cyst 
discovered at laparoscopy. An additional value 
of removal of these cysts detected at laparos-
copy is the exclusion of the rare possibility of 
malignancy (2–3%) and obtaining sufficient tis-
sues for histopathologic evaluation. Lastly, its 
extraction is relatively easy and less time-con-
suming. In general, it is not necessary to use an 
endobag for specimen extraction, but the speci-
men is exteriorized through the umbilical port, 
unless there is a suspicion of malignancy of the 
adnexal mass.

The classic advantages of laparoscopy include 
low morbidity, excellent cosmetic results, short 
hospital stay, and rapid return to normal activi-
ties. In addition, laparoscopy gives an excellent 
view of the pelvic structures, including the geni-
tal organs. Because of magnification of the image 
in laparoscopy, this feature may allow a better 
chance to preserve ovary and ovarian tube, espe-
cially in cysts located closely to these structures, 
which otherwise cannot be achieved. Preservation 
of the pelvic organs, while performing the lapa-
roscopic paraovarian or paratubal cystectomy, is 
needed in young nulliparous patients, in order to 
preserve their fertility.
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Laparoscopic-Assisted 
Vaginoplasty

Maria Marcela Bailez

69.1  Introduction

Providing its excellent visualization, access to 
pelvic structures, and less postoperative adhe-
sion, laparoscopy has been an important tool for 
the treatment of uterovaginal anomalies. We have 
used it to define the anomaly, monitor endome-
triosis or a hysteroscopic procedure, replace an 
absent vagina, and resect abnormal Müllerian 
structures.

We have reported technical details and results 
of the use of operative laparoscopy for the treat-
ment of uterovaginal anomalies in children and 
adolescents and described a simple classification 
according to the procedure required for the mul-
tiple varieties [1].

There are a variety of conditions with total or 
partial absence of vagina in which a neovagina 
has to be created. In group 1 we included those 
patients with complete absence of vagina and 
uterus treated with a laparoscopic sigmoid vagi-
nal replacement. Patients with Müllerian dysgen-
esis (Mayer-Rokitansky syndrome) and selected 
DSD patients are included in this group.

If a vaginal orifice is present, the treatment of 
choice is passive or active elongation [2].

When this technique fails either because of 
lack of motivation or in cases of a flat perineum, 
a surgical correction should be attempted.

Surgical approach varies according to clinical 
and emotional condition of the affected adoles-
cent and surgeon’s experience.

Techniques that have been used more fre-
quently are the McIndoe operation and its modi-
fications and vaginoplasty. These techniques are 
successful in 75–85% of the cases [3, 4]. Other 
techniques described include Williams’ opera-
tion (which uses vulvar skin), Johnson’s opera-
tion (using skin from the back), Vecchietti’s 
operation (laparoscopic elongation), use of buc-
cal mucosa, or Pratt operation which uses the sig-
moid colon [5–7].

Even though the use of the sigmoid colon is 
not frequently quoted in the gynecological litera-
ture, the good results obtained with this tech-
nique repairing complex malformations or those 
associated with absence of vagina such as a clo-
aca or anorectal malformations with rectovulvar 
or rectovestibular fistula, which should be 
repaired in a single operation, encouraged us to 
optimize this technique for isolated vaginal 
replacement [8–11]. The use of sigmoid for vagi-
nal replacement is a well- quoted operation in the 
pediatric surgical literature [12]. With this tech-
nique a tubular vagina is created. Two major 
advantages of this procedure are as follows: there 
is no need for dilatation or use of some kind of a 
mold in the vagina, and the neovagina has natural 
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lubrication [13]. One of its major disadvantages 
was the need for a laparotomy, implicating pain 
and discomfort. We started doing it laparoscopi-
cally in 1998.

This aim of this presentation is to analyze this 
technique.

69.2  Preoperative Preparation

All patients and their parents have to sign a spe-
cifically formulated informed consent before 
the procedure. Patients participate actively in 
the selection of the technique for the vaginal 
replacement. When dealing with patients with 
Müllerian dysgenesis or DSD, we only indicate 
this technique in patients mature enough to dis-
cuss and select from different options. In other 
occasions we had the opportunity to do it ear-
lier: selected patients with cloacas or combined 
anorectal malformations and vaginal agenesis, 
peripubertal patients with a functional Müllerian 
structure and a complete absent vagina, or an 
infant with an uterovaginal rhabdomyosarcoma 
requiring total vaginectomy who underwent a 
simultaneous laparoscopic vaginal 
replacement.

We always rule out familial history of colonic 
polyposis or colonic cancer before using the 
colon.

We indicate ambulatory bowel preparation 
preoperatively.

We use antibiotic prophylaxis with i.v. ampi-
cillin sulbactam.

69.2.1  Positioning

The patient is placed in lithotomy position, 
supine with the legs elevated, abducted, and sup-
ported in stirrups (Fig. 69.1). If only one monitor 
is available, it should be placed at the left side 
down. The surgeon is positioned on the right side 
of the patient with a nurse on his side, and the 
cameraman is also on tistanthe right cephalic to 
the surgeon. The assistant stands on the left side 
(Fig.69.2).

69.2.2  Technique 
and Instrumentation

69.2.2.1  Evolution of Surgical 
Technique

In the 2000 we reported the first patient who 
underwent a laparoscopic sigmoid vaginal 
replacement and the results of its use later [14]. 
Our experience with the next 14 patients was 
published in 2004 and 2008 [15, 16].

The initial operative technique is available in 
WebSurg (www.websurg.com). At that time, we 

Fig. 69.1 The patient has to be positioned on the opera-
tive table in lithotomy position

Fig. 69.2 Team position. The surgeon and cameraman on 
the right. The assistant on the left. The surgeon is using 
the suprapubic port for the right hand (bipolar sealer) and 
the right lower quadrant port for the left hand. The assis-
tant is using the left lower quadrant port for 
contratraction
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used four ports: a 10 mm (umbilical), a 12 mm 
(right lower quadrant), and two 5 mm (left lower 
quadrant and hypogastric). The lens was initially 
introduced through the umbilical port but later on 
was moved to the right lower quadrant one in 
order to achieve better visualization of the vascu-
larization of the sigmoid colon.

A segment of 15 cm of the sigmoid colon was 
isolated using bipolar HFE, or the bipolar sealer 
(LigasureTM), and two linear endostaplers. The 
sigmoid may be transilluminated with a 5  mm 
lens inserted through the port in the left lower 
quadrant to facilitate vessel visualization. This 
maneuver was abandoned with increased 
experience.

Colocolonic continuity was reestablished 
using a circular mechanical suturing device. The 
proximal end of the colon was exteriorized 
through the umbilicus, the proximal part of the 
circular stapling device inserted, and the colon 
returned to the abdominal cavity.

The remaining part of the stapling device was 
inserted through the rectum. Both parts of the sta-
pling device were assembled intra-abdominally 
under laparoscopic control, and the stapling 
device was fired.

Then a space was created between the urethra 
and rectum by perineal dissection but under lapa-
roscopic verification.

The peritoneum near the Douglas’ space was 
incised in order to allow the passage of a forceps 
from the perineum, which enabled the descent of 
the isolated bowel segment The vaginoplasty was 
completed from the perineal side using 5/0 
absorbable sutures avoiding a circular ending and 
rather opening the bowel ending widely to avoid 
stenosis (Fig. 69.3).

69.2.2.2  Last Technical Modifications
We modified the original technique in 2010: (1) 
reduce the port size, (2) use a different hemo-
static device, and (3) use the NOTES (Natural 
Orifice Transendoscopic Surgery) concept.

 1. We reduced the port sizes using a 4  mm 
30-degree lens in the umbilicus, two 3  mm 
operative ports in each lower quadrant, and 

one 5 mm suprapubic port, avoiding a 12 mm 
port in the abdomen (Fig. 69.4).

With the advent of HD cameras, it is pos-
sible to have an excellent view of the pelvis 
with low diameter lens in a nearly adult pel-
vis. We still need a 5 mm port for the use of 
the hemostatic device, and we choose the 
suprapubic port for cosmetic and ergonomic 
reasons. The surgeon uses the 3  mm right 
lower quadrant port for his left hand and the 
suprapubic 5 mm port for his right hand.

The assistant retracts the colon using trac-
tion and contratraction maneuvers using the 
left 3 mm port.

 2. We started using a 5 mm bipolar sealer with a 
monopolar cautery tip, all hand activated, 
avoiding changing instruments as much as 
possible.

 3. After isolating vessels and creating the mes-
enteric windows of the selected piece of sig-
moid as previously described (Fig. 69.5), we 

Fig. 69.3 Aspect of vaginoplasty
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proceed to dissect the space between the ure-
thra and rectum, a 12 mm port and the linear 
stapler sutures inserted through it (Figs. 69.4 
and 69.6).

The proximal transected colon is also exterior-
ized through this space to introduce the anvil of 
the circular stapler and reintroduced into the 
abdomen afterward.

In this way we use the space created for the 
neovagina as a natural orifice to introduce a 
12  mm port and stapler (NOTES concept), 
achieving better cosmetic results.

The colocolonic anastomosis is assembled 
under laparoscopic vision (Fig. 69.6).

An important detail is keeping the isolated 
sigmoid to the right of the anastomosis for an 
easier descent.

69.3  Postoperative Care

A urinary catheter is left for 24 h.
The patients can restart full oral feeding usu-

ally after 24  h after surgery. The analgesic 
requirement is generally limited to 72 postopera-
tive hours. Most patients are discharged on the 
third postoperative day.

Parents are instructed on how to treat the peri-
neal suture (introitoplasty) by maintaining it 
clean and dry for about 1 week after surgery.

Between 7 and 15 postoperative days, a digital 
exam of the introitus is done. We advise to start 
using tampons with estrogen cream during the 
night for the first 2 or 3 weeks on a daily schedule 

Fig. 69.4 Port setting. Four millimeters port in the umbi-
licus for the lens. Two 3 mm in each lower quadrant and 
one 5 mm suprapubic for the sealer and scissors or suc-

tion. In the last modification, the 12 mm port to introduce 
the linear stapler is initiated through the space dissected 
between the rectum and urethra in the perineum

Fig. 69.5 Isolated sigmoid segment. Both mesenteric 
windows created with the bipolar sealer
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to become familiar with the neovagina. We don’t 
use routine dilatation or molds.

A follow-up is carried out by clinical exami-
nations at 1 week, 2 weeks, and then at 1, 6, and 
12  months after surgery. We follow them in a 
once-a-year basis after the first year.

69.4  Results

The average length of surgery is 120 min (range 
from 90 to 300 min).

One hundred and thirty patients were operated 
using a laparoscopic sigmoid vaginoplasty. Mean 
age was 16.5  years (range 15–41  years). One 
hundred and twenty-five had a Mayer-Rokitansky 
syndrome and six were 46XY DSD patients, of 
which three had complete androgen insensitivity 
and had previously underwent a laparoscopic 
bilateral orchidectomy. Six patients had a single 
pelvic kidney. Four patients had an ARM previ-
ously operated through a sagittal-posterior 
approach with a colostomy. Two underwent a 
simultaneous resection of a Müllerian functional 
remnant. Three patients had a previously failed 
skin or muscular vaginoplasties.

In this report, we are excluding patients with 
partial vaginal agenesis and a single medial func-
tional uterus requiring uterine communication to 
a neovagina or vaginal agenesis with a medial 

uterus with cervix atresia or hypoplasia for con-
sidering them a different population with more 
demanding an expert care.

There was one accidental opening of the blad-
der that was sutured laparoscopically. The urine 
catheter was left for 3 days.

Care needs to be taken with the technical 
changes to avoid descending the colocolonic 
anastomosis instead of the isolated bowel. 
Explanation may be that the proximal end of 
the colon exteriorized through the perineum 
has a sort of memory to go down again so it is 
advisable to double check every segment 
before opening the distal exteriorized end  
to create the neovagina. This event occurred 
once.

Two patients presented transient rectal 
bleeding.

All patients were able to tolerate food 24  h 
after the procedure, and 125 patients were dis-
charged 48  h after the operation. The average 
time to return to full daily activities was 7 days.

Viability and patency of neovagina are excel-
lent in 124 patients after a mean follow-up of 
68 months (range 6–220 m), and 80 patients are 
sexually active.

Two patients developed mucosal prolapse and 
four needed introital revisions. Excessive mucous 
secretion was not observed, except in one patient; 
it may be explained by the length of bowel used.

Fig. 69.6 Colocolonic anastomosis under laparoscopic vision
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69.5  Tips and Tricks

69.5.1  Right Pedicle

Selecting the right pedicle is crucial. This is a 
team maneuver. It is important to use the 30 
degrees of the lens accurately and expose with 
traction and contratraction maneuvers to have a 
frontal view of the sigmoid pedicles, always pre-
serving the superior rectal vessels.

A right pelvic kidney made the procedure 
more difficult and required more “camera work.” 
In contrast, a left pelvic kidney exposed the sig-
moidal vessels very well, which made the isola-
tion of a sigmoid colon segment easier.

69.5.2  Urethrorectal Space 
Dissection

A complete dissection of the vesicorectal space is 
required before trying to open it from above to 
prevent accidental opening of the bladder and a 
blunt dissection from below using both fingers 
until they can be seen under laparoscopic vision 
(can maneuver) [15]. Only at this point, the 
12 mm port is inserted in this space.

69.5.3  Colocolic Anastomosis

If you are planning to use the NOTES concept, 
the proximal end of the colon has to be well 
 dissected to exteriorize in the perineum to insert 
the anvil. If it cannot be achieved, the suprapubic 
port incision might be widened and the maneuver 
made through it.

Choosing the right diameter of the circular 
suture prevents postoperative bleeding.

We use the suprapubic 5 mm instrument to 
assembly the 2 ends of the circular stapler.

69.5.4  Descending the Isolated 
Bowel

As we previously described, avoid losing the 
pneumoperitoneum and vision while grabbing 

the neovagina from the perineum and double 
check. A regular bowel conventional graper is 
our preference for this maneuver.

69.6  Discussion

The Mayer-Rokitansky syndrome is character-
ized by the absence of the vagina with or without 
uterine remnants. Most of the patients in this 
group are adolescents presenting with primary 
amenorrhea. Associated renal and skeletal mal-
formations are frequent like renal agenesis, 
horseshoe kidney, and cervical scoliosis, and 
diagnosis can be made earlier if a routine genital 
exam is indicated in these high-risk group of 
patients. There are many options to treat vaginal 
absence as we have described.

Laparoscopic-assisted sigmoid vaginal 
replacement is one of them.

Nowadays many young females ask for it 
because they prefer to undergo a 2- or 3-h-long 
surgical procedure under general anesthesia to 
have their corporal squema [scheme] complete 
without any need of repeated and somehow painful 
elongations. Decreasing the size of ports, as well 
as improving cosmesis and outcome, is our goal.

We have also indicated it in selected 46XY 
DSD patients with very little space between the 
urethra and rectum.

With the widespread culturing of vaginal epi-
thelium, it is likely that an ideal vaginoplasty 
material will become available.
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Ovarian Cryopreservation

Mario Lima and Michela Maffi

70.1  Introduction

Ovarian tissue collection for cryopreservation is 
a technique for fertility preservation. Gonadal tis-
sue is collected laparoscopically and then is pro-
cessed and cryopreserved, and it can be 
reimplanted to restore endocrine and reproduc-
tive function.

Patients eligible for this procedure are all 
those females, especially prepubertal, who are 
exposed to a risk of premature ovarian failure. 
Premature ovarian failure is associated with 
exposure to chemotherapy and radiation [1, 2] 
(Table 70.1).

Ovarian tissue cryopreservation was firstly 
described in 1996 by Hovatta et  al. [3] Even if 
this technique is still to be considered experimen-
tal, it is currently the only option applicable in 
prepubertal girls. The following are the three 
mainly feasible techniques for tissue collection:

 – Ovarian cortical tissue biopsy: it consists of 
obtaining several specimens of cortical tissue 
away from the hilum using a laparoscopic 
biopter.

 – Partial oophorectomy: it consists of partial 
excision of ovarian cortical tissue. Different 

authors report from 1/4 to 2/3 of ovarian tissue 
to be removed leaving the hilar part intact.

 – Unilateral ovariectomy: it consists of the col-
lection of the whole ovary including vascular 
pedicle that will be used during the 
reimplantation.

The collected tissue is then harvested and pre-
pared for cryopreservation. The most used 
method is slow freezing, which represents the 
standard of care, but also vitrification is an avail-
able method [4]. Vitrification differs from slow 
freezing for concentration of cryoprotectant 
(higher in vitrification) and rate of cooling (faster 
in vitrification) [5]. The tissue can be cryopre-
served for about 7 years [5].
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Table 70.1 Conditions associated with the risk of pre-
mature ovarian failure

Malignant diseases Nonmalignant conditions
Pelvic diseases
  Pelvic rhabdomyosarcoma
  Sarcoblastoma
  Sacral tumors
Extrapelvic diseases
  Ewing osteosarcoma
  Wilms’ tumor
  Hepatoblastoma
  Neuroblastoma
Systemic diseases
  Hodgkin’s/non- 

Hodgkin’s lymphomas
  Leukemias

Autoimmune diseases
  Systemic lupus 

erythematosus
  Nephritic syndromes
Bone marrow 
transplantation
  Sickle cell anemia
  Thalassemia major
Endocrine/genetic 
diseases
  Turner’s syndrome
  Galactosemia
Family history of 
premature ovarian failure
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When the fertility has to be restored, after 
the end of therapies, the harvested tissue can be 
reimplanted in an orthotopic or heterotopic 
position. The rest of the native ovary or a peri-
toneal fold near the fimbriae are considered 
orthotopic positions as they allow spontaneous 
pregnancies. The forearm or abdominal wall are 
the most used heterotopic sites. The reactivation 
of the tissue appears 4–9 months after the reim-
plantation [5].

70.2  Preoperative Preparation

All patients undergo a preoperative assessment 
which consists of the following investigation and 
laboratory tests:

 – Pelvic US to explore dimensions and structure 
of ovaries

 – Follicle-stimulating hormone (FSH), luteiniz-
ing hormone (LH), progesterone, estradiol, 
prolactin, testosterone, 17-hydroxyprogester-
one, thyroid hormones, D4-androstenedione, 
inflammatory cytokines, dehydroepiandros-
terone (DHEA), inhibin B, anti-Müllerian 
hormone, HIV 1–2 Ab and p24 Ag, HBV 
HbsAg, core Ab IgG and IgM, HCV IgG Ab, 
T. pallidum Ab

All patients and their parents have to sign a 
specifically formulated informed consent before 
the procedure. Patients receive general 
anesthesia.

70.2.1  Positioning

The patient is placed in a slight tilt supine posi-
tion. Two monitors are placed at the feet of the 
patient, one for the surgeon and the other for 
the assistant. The surgeon’s position is oppo-
site to the ovary to be treated, with a nurse on 
his side, and the cameraman is in front of the 
surgeon. A first 10 mm Hasson trocar is placed 
in the umbilicus, and two operative 5 mm tro-
cars are placed in the right and left flank, 
respectively.

70.2.2  Instrumentation

A 10 or 5 mm 0° camera can be used. Other use-
ful instruments are atraumatic grasper; cold scis-
sors; instruments for hemostasis such as 
monopolar hook, bipolar electrocautery, or argon 
gas device; and instruments for suction and 
irrigation.

70.2.3  Technique

The camera is inserted through the umbilical tro-
car. Atraumatic grasper is used to hold the ovary 
(Fig. 70.1), and most of the gonadal tissue is cut 
with cold scissor (Fig. 70.2). The collected tissue 
is then exteriorized through the umbilical wound 
paying attention not to grasp it strictly to avoid 
damage to follicles. The tissue is entrusted to the 
cryopreservation managers who immediately 
start the processing.

Hemostasis is achieved with monopolar hook, 
or bipolar forceps, or argon gas device if avail-
able (Fig.  70.3). It is important to leave a little 
layer of ovarian tissue and vascular pedicle to 
promote the engraftment of the tissue in case of 
reimplantation. At the end of the procedure, if 
there are doubts on hemostasis achievement, an 
abdominal drainage is left in the pelvis to moni-
tor risk of hemorrhagic complication in postop-
erative period.

Fig. 70.1 The ovary is exposed and stabilized with atrau-
matic grasper
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70.3  Postoperative Care

Fluid and oral feeding can be restarted after a few 
hours. The day after surgery, we usually test 
hemoglobin and platelets levels, and we remove 
the drainage. Pain control is usually obtained 
with paracetamol 15 mg/kg every 6 h for the first 
48  h after surgery. The patient is usually dis-
charged in postoperative day 1 or 2.

70.4  Results

We started our experience with laparoscopic col-
lection of ovarian tissue in 2002, and till now 
162 patients have been treated. The median age 

is 13.38±3.71. About 41.8% of patients had 
solid tumors, 41.2% systemic diseases, 10.6% 
genetic diseases, 2.2% autoimmune diseases, 
and 4.2% other diseases. Till 2016 we used to 
collect about 2/3 of both ovaries; by 2017, 
according to the indications of our biologists, we 
started to collect most of the parenchyma of only 
one ovary leaving the pedicle for the future reim-
plantation. The mean operative time has been 
40 ± 15 min. We used to leave a drainage that has 
been removed in p.o. day 1. The patients have 
been discharged in p.o. day 2. In one case we had 
an intraoperative bleeding requiring red blood 
cell transfusion. Till now we haven’t received 
requests for reimplantation. At follow-up there 
have been a mortality of 10% of patients due to 
oncologic disease [6, 7].

a b

Fig. 70.2 The ovarian cortex is cut with cold scissors preserving the visible follicles (a, b)

a b

Fig. 70.3 The hemostasis can be achieved with monopolar hook (a), bipolar electrocautery, or argon gas device if 
available (b)

70 Ovarian Cryopreservation



514

70.5  Tips and Tricks

The technique is quite simple even if it can hide 
some difficulties. First of all, stabilization of the 
ovary can require some time especially if the 
patient has a peripubertal age. Usually an atrau-
matic grasper that holds the ovary near the pedi-
cle is sufficient to enable the surgeon to perform 
a precise cut. In case of excessive difficulties, a 
further instrument can be added in the suprapubic 
region to help stabilization. The collection should 
be made with cold instruments and with a cut as 
linear as possible to avoid both thermal and 
mechanical damages to the follicles. The speci-
men should be held with a gentle grip in one edge 
for the same reason and extracted from the 
umbilical wound avoiding squeezing while pass-
ing through the abdominal wall. A mild pressure 
to the vascular pedicle can help the hemostasis 
that can usually be achieved with monopolar 
hook or bipolar electrocautery.

70.6  Discussion

The survival rate of children affected by onco-
logic diseases has been increased in the last 
decades from about 60 to 80% [8]. For this rea-
son, all efforts leading to the restoration of a nor-
mal quality of life including fertility have to be 
attempted.

Loss of reproductive potential depends mainly 
on the type, dose, of chemo- and radiotherapy, 
and age of the patient. Alkylating agents and pel-
vic radiotherapy are the most toxic therapies for 
gonadal tissue [9]. Several studies estimated the 
risk of premature ovarian failure on the basis of 
administrated therapies and age of patients [9]. If 
the risk is estimated to be high, the patient should 
be offered an option for fertility preservation. 
Ovarian tissue collection doesn’t require hor-
monal stimulation so it can be used in prepubertal 
girls or in young adult patients who cannot delay 
chemo- or radiotherapy. A recent report [10] 
made an account of the children born following 
transplantation of freeze-thawed ovarian tissue: 
they are approximately 130 according to the last 
published data. The data are encouraging and 

reassuring, and even if experimental, ovarian tis-
sue cryopreservation is becoming an established 
fertility preservation method.

Nevertheless several concerns are still debated. 
First of all it can be difficult to demonstrate if the 
reported pregnancies have resulted from ovula-
tion of the transplanted tissue or the residual one 
[5]. The reported delivery rate per transplant or 
per woman amounts to 23% and 32%, respec-
tively, according to recent reports [11, 12], while 
the first pregnancy in a woman undergoing ovar-
ian tissue preservation in pediatric age was 
reported only in 2015 [13].

Another active problem is the risk of onco-
logic contamination of the collected tissue with 
the risk of reintroduction with autotransplanta-
tion [5]. This risk is obviously higher in patients 
with blood-borne malignancies or cancers that 
metastasize to the ovary or in patients with a pre-
disposition to ovarian cancer. So in these cases, it 
is not recommended. Stating this risk, several 
efforts have been made to identify markers of tis-
sue contamination or techniques to “wash” 
immature follicles avoiding reintroduction of 
malignancies with transplantation [14, 15].

As this procedure requires a general anesthe-
sia, it should be coordinated with other needed 
procedure such as central venous line placement, 
lumbar puncture, bone marrow biopsy, or imag-
ing investigations requiring anesthesia.

It has to be mentioned that alternatives to 
ovarian tissue cryopreservation and autotrans-
plantation exist but have currently some limita-
tions. Among alternative option there is ovarian 
transposition that can be used in case of pelvic 
radiotherapy. It consists of moving the ovaries as 
far as possible from the site to be irradiated. 
Another option is in vitro maturation. This option 
requires collection of the native ovarian tissue but 
aims at maturation of immature follicle to avoid 
autotransplantation with the connected risk of 
reintroduction of malignancy. Unfortunately this 
technique is still not well established and has led 
to live birth only in animal models [5].

In conclusion, the efforts to restore fertility 
potential in pediatric oncologic girls are manda-
tory. Currently, ovarian tissue cryopreservation, 
even if experimental, is the only option applica-
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ble to prepubertal patients that has led to preg-
nancies and live births. Nevertheless several 
concerns have to be discussed.
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71.1  Introduction

A surgical intervention for inguinal hernia (IH) 
is one of the most common types of surgery per-
formed in children. The advent of minimal 
access techniques has changed completely con-
ventional management for the treatment of 
inguinal hernia [1].

The proposed advantages of the laparoscopic 
technique are visualization of contralateral defects, 
diminished postoperative pain, improved cosmetic 
results, and more rapid return to normal function 
[2, 3]. Regarding the technical point of view, there 
are many techniques now described for laparo-
scopic hernia (LH) repair [4, 5]. The different 
repair options can be categorized as either intra-

corporeal or extracorporeal/percutaneous [6–9]. In 
regard to intracorporeal repairs, it consists in a 
purse-string suture performed on the periorificial 
peritoneum at the level of the internal ring [2, 9, 
10]. In 1998, Schier introduced his technique, con-
sisting in an “N”-shaped suture on the periorificial 
peritoneum [8, 9]. The extracorporeal techniques 
all involve the placement of a suture circumferen-
tially around the internal ring and tying the knot 
using percutaneous techniques [7, 10, 11]. Loads 
of variations of this approach have been described. 
The laparoscopic approach can be performed 
either transperitoneally or through a preperitoneal 
approach (using special needles) with transperito-
neal visualization [8, 9, 11, 12].

The laparoscopic classic approach is the trans-
peritoneal approach using three ports.

In this chapter we describe mainly the classic 
laparoscopic three-port approach.

71.2  Preoperative Preparation

All patients and their parents have to sign a spe-
cifically formulated informed consent before the 
procedure. No specific preparation is needed in 
patient older than 1 year of age. In neonates and 
in infants, we perform an intestinal preparation 
using simethicone a couple of days before sur-
gery to reduce the intestinal loop distension 
diminishing the gas into the intestinal loops with 
the aim to have a larger operative chamber. 
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Before surgery the bladder is emptied with a 
Nelaton catheter; in this way we have a clear 
view of the pelvic area to identify rare hernias as 
femoral or crural hernias.

71.2.1  Positioning

As for the patient’s position on the operative 
table, in case of laparoscopic hernia repair, the 
patient is positioned always in supine position 
with a 15–20° Trendelenburg position to keep 
low the intra-abdominal pressure (IAP). The video 
column is positioned at the feet of the patient, 
the surgeon positioned at the head of the 
patient, and the cameraman contralateral to 
the pathology to treat.

71.2.2  Instrumentation

A 0° telescope of 5–10 mm through an umbilical 
port is used, allowing direct visualization of the 
deep inguinal rings, followed by the use of two 
3-mm trocars in triangulation to keep a good 
ergonomics (Fig. 71.1). As for the optic, the use 
of a 5- or 10-mm optic gives the same invisible 
scar in the navel; for this reason the use of a 5- or 
10-mm optic depends on the instruments avail-
able. As for the operative 3-mm trocars, the 
majority of authors prefer to adopt screw trocars. 
The advantage of using screw trocars is funda-
mental above all in infants under 10 kg; in fact in 
these categories of patients, the tissues and the 
skin are very thin, and the smooth trocars exit all 
the time creating a subcutaneous emphysema. 
Screw trocars are more stable, and in addition 
you can change instruments rapidly, without dis-
lodgement of the trocars and without gas leaks. 
In case you have only smooth trocars, you can 
put a piece of Nelaton catheter around the can-
nula and then fix the piece of Nelaton catheter to 
the skin to stabilize the trocar (Fig.  71.2a, b). 
Some surgeons prefer to use instruments without 
the assistance of trocars (stub incision) also if 

Fig. 71.1 Trocar’s position

a

b

Fig. 71.2 We use two 3-mm working ports. If you use 
trocars with smooth cannulas (a), you have to position a 
peace of Nelaton catheter around the cannula to fix the 
trocar to the skin with a stitch. In our experience we prefer 
to use screw trocars (b) that are more stable on the skin
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using this technique can be difficult to change 
instruments. As for the instruments, all of 3 mm, 
we need a needle holder, a contralateral grasping 
forceps, and scissors.

71.2.3  Technique

As for the technical point of view, the needle has 
to be introduced in the abdominal cavity transpa-
rietally and then removed transparietally or pref-
erably transumbilically (Fig. 71.3). The preferred 
needle to use is 3/8 of circle with a 20–22-mm 
needle. To perform a unilateral closure, the length 
of suture has to be 13–15  cm; for a bilateral 
repair, it has to be 15–20  cm, according to the 
surgeon’s preference. The laparoscopic technique 
affords confirmation of the diagnosis, as well as 
inspection of the contralateral side for the pres-
ence of a hernia or a contralateral patent proces-
sus vaginalis (CPPV) (Fig. 71.4). The deep ring 
is then closed, after sectioning the periorificial 
peritoneum (Fig.  71.5), with a non-resorbable 
suture either as purse-string suture as described 
by Montupet or similar type an N suture as 
described by Schier (Figs.  71.6 and 71.7). 
Analyzing the literature, these two techniques 
seem to give similar results with a long-term out-
come. In the preperitoneal approach (needle-
scopic approach), a small hook, loaded with a 
suture, is passed around the deep ring after mak-

Fig. 71.3 Considering that we use 3-mm trocars, the 
needle has to be introduced into the abdominal cavity 
transparietally

Fig. 71.4 It is extremely easy to identify the patency of 
peritoneo-vaginal duct responsible of the inguinal hernia

Fig. 71.5 The first step of the procedure is to section the 
periorificial peritoneum circumferentially to permit the 
distal part of the hernia sac to collapse

Fig. 71.6 To perform the hernia repair, we prefer to per-
form a purse-string suture around the periorificial 
peritoneum
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ing a small inguinal skin incision. The passage of 
the suture is observed via an endoscope at the 
umbilicus. The ligature is then brought extracor-
poreally and tied, thus closing the hernial orifice. 
In case of direct hernia, a key point of the tech-
nique is to remove the lipoma always present in 
this pathology and to close the defect using a 
purse-string suture or separated stitches. In case 
of huge hole, to reinforce the closure, a lateral 
bladder ligament can be adopted.

71.3  Postoperative Care

No particular postoperative care is necessary. 
Patients start feeding 2–3  h after surgery, and 
they are discharged from the hospital the same 
day or the day after surgery.

As for postoperative pain, no treatment is 
needed except paracetamol treatment only once 
in the evening. The timing of postoperative con-
trol is only two clinical controls a POD 7 and 
POD 31.

71.4  Results

The average operative time for the repair of uni-
lateral inguinal hernia was about 30 min via the 
open approach (OH) and about 23 min via lapa-
roscopy (LH), with no significant difference 
between the two techniques. For the repair of 
bilateral disease, it was significantly longer for 

the open inguinal hernia repair (46  min) com-
pared to laparoscopy (30 min).

A conversion rate was reported in 10 studies and 
ranged between 0 and 1.7%, but in the majority of 
these studies, there was a 0% conversion rate.

Recurrence rate after LH repair is less than 
1%.

As for other complications, such as wound 
infection, hydrocele, iatrogenic cryptorchidism, 
and testicular atrophy, the rate of these complica-
tions was significantly higher for OH (2.7%) 
compared to LH (0.9%) (P = 0.001).

As for the incidence of rare hernias, all of 
them are identified in the LH studies, with an 
incidence ranging from 0.3 to 7.2%. Several stud-
ies reported the coexistence of a unilateral ingui-
nal hernia with a contralateral patent processus 
vaginalis (CPPV), for an incidence of contralat-
eral patency between 19.9 and 66%.

71.5  Tips and Tricks

The key points of the success of LH repair are the 
standardization of the technique.

Here are reported some tips and tricks to 
remember to have a successful procedure. First of 
all is the simethicone preparation in infants to 
enlarge working chamber and to reduce IAP. It’s 
preferable to use screw trocars or to fix the trocars 
to the skin. A 3-mm set instrumentation is essen-
tial to perform the procedure. The needle is intro-
duced transparietally. In order to obtain a low to 
zero recurrence rate, you have to use non-resorb-
able suture to close the inguinal orifice, and always 
you have to cut the periorificial peritoneum before 
closing the ring to reduce the tension on the clo-
sure. In case of direct hernia, it’s important to cut 
and to remove the lipoma before closing the defect. 
At the end of the procedure, it’s easier to remove 
the needle through the umbilical orifice.

71.6  Discussion

Laparoscopic inguinal hernia repair in children 
was firstly described 25 years ago by Montupet in 
1993 [2, 10, 11].

Fig. 71.7 The final aspect of the procedure
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Since then, several retrospective studies but 
few prospective studies, meta-analysis, or sys-
tematic reviews have been published on the 
 subject, and there is ongoing discussion about the 
best management of an inguinal hernia in chil-
dren [12].

An interesting finding, analyzing the interna-
tional literature on inguinal hernia in children, is 
that the majority of the studies published in the 
last 20  years are focused on the laparoscopic 
approach [7, 13].

On the other hand, literature focused on open 
inguinal hernia repair is scanty, and we think that 
the real incidence of complications of inguinal 
hernia repair is probably underestimated.

Analyzing the international literature, it seems 
that LH repair is easier, in particular in infants, 
and with fewer complications compared to ingui-
nal hernia repair [5, 8, 13]. In two studies, similar 
time to full feeds and length of hospital stay were 
reported in the LH and OH groups [4, 7, 14].

From a technical point of view, the laparo-
scopic approach is easier but technically more 
demanding for the surgeon because he or she has 
to be able to suture intracorporeally and to work 
in a very small space above all in infants [2, 15].

We analyzed the international literature, 
searching articles comparing OH and LH, to give 
to the readers of this chapter a general idea on the 
results of both techniques.

Our review examined different aspects of both 
procedures. The results of this review of more 
than 50 studies with regard to operative time sug-
gested that there was no significant difference 
between the two approaches for unilateral ingui-
nal hernia repair [8, 9, 14]. On the contrary, in the 
patient with bilateral disease, there was a signifi-
cant reduction in the operative time for LH com-
pared to OH [9]. However, the operative time 
showed wide variations depending on the tech-
nique and experience of the surgical team [7, 9].

As for recurrence rate, no significant difference 
was observed between the two techniques, while 
the rate of other complications such as wound 
infections, hydrocele, iatrogenic cryptorchidism, 
and testicular atrophy was significantly higher for 
OH compared to LH [2, 5, 9]. In addition, it seems 
that recurrence rate and wound infections in 

infants were always higher after OH than after 
LH. However, the length of follow-up in reviewed 
series was less for the laparoscopic approach com-
pared to the open operation [9, 14, 15].

In our opinion, the higher wound infection 
rate following OH may be due to the fact that the 
laparoscopic scars are located higher on the 
abdominal wall compared to inguinal scars that 
are inside the diaper area; for this reason they are 
subject to urine or fecal contamination which 
may lead to a higher infection rate [6, 8]. In fact, 
LH reported fewer wound infections compared to 
the infants of similar age operated through the 
inguinal approach [3, 9].

As for other complications, complications 
after OH (vas deferens injuries, iatrogenic crypt-
orchidism, testicular atrophy) have been rarely 
reported in the last 15–20 years. For this reason, 
we have had to analyze older published series to 
gain adequate data for comparison purposes.

We found five studies that reported an inci-
dence of postoperative cryptorchidism and tes-
ticular atrophy that was higher after OH compared 
to LH [2, 5, 9]. Accurate comparisons between 
the two approaches for these other complications 
suffer from the use of historical controls. Also, 
there was a shorter follow-up in the LH series 
compared to the OH ones.

The advantages of LH are believed to include 
better visualization of vital cord structures, which 
makes dissection of these structures safer [3, 9]. 
The dissection field of LH is limited to the perito-
neal layer, with the vas deferens and cord left 
untouched. Therefore, injury to the vas is not 
thought to occur very often.

This review also reinforces the usefulness of 
the laparoscopic approach for the diagnosis of 
contralateral patency, which may avoid the need 
for a second surgery and anesthesia in patients 
with a metachronous contralateral hernia. It is 
our feeling that repair of a CPPV should be 
offered to all families as most desire to have the 
CPPV repaired at the same operative setting.

In conclusion in case of inguinal hernia in 
children, laparoscopy seems to be a very good 
alternative to open surgery.

It is mandatory to remember that to have a 
successful laparoscopic hernia repair in children, 
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you have to follow the details of technique that 
was described 25 years ago and nowadays is well 
standardized as we reported in the technical part 
of this chapter. Analyzing the international litera-
ture, in summary, LH appears faster for bilateral 
hernia repair when compared to the inguinal 
crease approach. Recurrence rates appear similar, 
but the follow-up is less in the LH studies. Wound 
infection appears more likely after OH, but the 
incidence is low. Time to resume normal activity 
is similar with both approaches.

However there is no evidence in the literature 
about which technique (laparoscopy or inguinal 
approach) is preferable to repair an inguinal her-
nia. Probably a surgeon has to offer to the patient 
both techniques, and above all, considering the 
importance of the parental role in the decision- 
making process, the parents have to know that, to 
repair an inguinal hernia, two different approaches 
exist and the advantages and disadvantages of 
both procedures.
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72.1  Introduction

Varicocele is defined as the abnormal dilatation 
or enlargement of the veins of the pampiniform 
plexus. Mostly affects the left side but can also 
compromise the right side or be bilateral. The 
pediatric population has an incidence of 15% [1]. 
It is associated with the risk of harming the tes-
ticular development and the risk of infertility [2, 
3]. Many controversies still exist regarding the 
etiology and the physiopathology of this entity 
mostly related to anatomical aspects, the increase 
in the testicular blood flow, the increase in tes-
ticular temperature, the roll of reflux of renal and 
adrenal metabolites into the dilated spermatic 
veins, the low oxygen concentration into the 
dilated veins with consequent local tissue hypoxia 
and the paracrine imbalances [4]. The diagnosis 
is based on the clinical exam and the degree of 
severity according to the classification of Dubin 
and Amelar [5].

In the pediatric population, the decision 
regarding the best treatment is still challenging 
and controversial, first of all because the real ben-
efits between the conservative non-surgical fol-
low- up or the preventive surgical treatment are 
still not clear [6]. Secondarily, when the surgical 
treatment has been chosen, the next question is 
which could be the best technique and approach 
in order to avoid recurrences and decrease the 
risk of complications.

The main indications for surgical treatment in 
the pediatric population are: (1) testicular asym-
metry (involved testicle with a lower volume dif-
ference of more than 20% in comparison with the 
contralateral testicle), (2) grade III according to 
Dubin and Amelar classification, (3) bilateral 
varicocele in end-stage testicular development, 
(4) psychological or physical discomfort, and (5) 
pain [7].

Several surgical techniques have been 
described for the varicocelectomy and the surgi-
cal approach [8], but this chapter is intended to 
focus only on the laparoscopic approach for the 
treatment of varicocele in children and 
adolescents.

Regarding the laparoscopic approach, we can 
divide them into two main groups: (1) Multi- 
trocar conventional laparoscopic approach and 
(2) Laparoendoscopic single-site (LESS) 
approach. Another mini-invasive approach that 
could also be considered is the retroperitoneo-
scopic approach [9].
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72.2  Preoperative Setup

The parents or the parental authority of the 
patients must sign the surgical/anesthesia con-
sensus information form and a pre-assessment 
visit with the anesthesiologist is performed previ-
ous to any surgical procedure.

Generally, no particular medical therapy or 
special preparation is required.

72.3  Patient Positioning 
and Trocar Placement

Under general anesthesia, for a transperitoneal 
laparoscopic approach the patient is positioned 
in a supine position. The anesthesia team is posi-
tioned at the head of the patient. In case of a left 
varicocelectomy, the surgeon and the assistant 
are placed at the right side of the patient. The 
laparoscopic tower is at the lower left side of the 
patient. In case of a right varicocele, the positions 
are inverted. For a transperitoneal laparoscopic 
multi-trocar approach, a 5 or 10  mm trocar is 
placed at the umbilicus according to the Hasson’s 
technique for the telescope and two other trocars 
of 3 or 5 mm for instrumentation are placed, one 
in the left flank and the second in the hypogas-
trium (Fig. 72.1).

For a transperitoneal LESS approach, a tran-
sumbilical incision is created. The length of the 
incision will depend on the device that will be 
used. Two 5 mm trocars (one for a 5 mm 30° tele-

scope and the other for 5  mm bending special 
instruments) and one 3 mm trocar for instrumen-
tation are generally required (Figs.  72.2 and 
72.3).

Once the trocars are placed, the table is posi-
tioned in slightly Trendelenburg and lateralized 
to the right in order to expose the retroperitoneal 
spermatic vessels and decrease the blood flow in 
the pampiniform plexus.

In case of a retroperitoneoscopic approach for 
a left varicocelectomy, the patient is positioned in 
right lateral decubitus or supine position with 
moderate lateralization to the right side. The 
table is slightly bending at the lumbar level. The 
surgeon and the assistant are placed at the back of 
the patient and the laparoscopic tower in the front 
side of the patient. The first trocar is positioned at 
the middle of the distance between the tip of the 
12th rib and the iliac crest. A muscular splitting 
dissection is performed in order to create the ret-
roperitoneal space for working and then intro-
duce two other 5 or 3  mm trocars for 
instrumentation.

Fig. 72.1 Transperitoneal multi-trocar position

Fig. 72.2 LESS approach

Fig. 72.3 LESS 5-mm bending instruments
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72.4  Surgical Technique

For most transperitoneal and retroperitoneal pro-
cedures, the CO2 pneumoperitoneum is estab-
lished around 10–12 mmHg. The retroperitoneal 
spermatic vessels and the internal inguinal ring 
are identified (Fig. 72.4). Using monopolar/lapa-
roscopic scissors and atraumatic graspers, the 
 retroperitoneum is open and the spermatic ves-
sels are dissected as high as possible, with a mini-
mum distance distally of 2 cm above the internal 
inguinal ring (Fig. 72.5). A ligature or a silicon 
band could be used to retract the vessels in order 

to simplify their proximal and distal dissection 
(Fig. 72.6).

The two main techniques performed are:

 1. Palomo’s technique which includes dissection 
and section of the spermatic artery and the 
spermatic veins.

 2. Modify Palomo’s technique which includes 
only dissection and section of the spermatic 
veins with sparing of the spermatic artery.

The occlusion of the spermatic vessels could 
be performed with absorbable, non-absorbable 
ligatures or clips (Figs. 72.6 and 72.7).

In recent years, the lymphatic sparing tech-
nique is gaining popularity. This technique con-
sists in the intra-dartos or intratesticular injection 
of blue dyes such as Isosulfan blue few minutes 
before surgery in order to evidence the lymphatic 
spermatic vessels avoiding their dissection thus 

Fig. 72.4 Identification of the internal inguinal ring and 
the spermatic vessels

Fig. 72.5 Dissection of the spermatic vessels

Fig. 72.6 Palomo’s technique using clips

Fig. 72.7 Palomo’s technique using ligatures
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decreasing the risk of postoperative hydrocele 
[10, 11].

In the transperitoneal approach, at the end of 
the procedure, it is not necessary to close the ret-
roperitoneum. The trocars are removed and the 
abdominal wall orifices are closed with absorb-
able sutures.

These patients could be treated in the majority 
of the cases in an ambulatory (day hospital) 
setting.

72.5  Postoperative Care

Besides 10 days of no sportive activity, no other 
particular postoperative therapy is necessary. 
Long-term follow-up to control testicular devel-
opment and complications such as hydrocele, 
recurrence, and testicular atrophy (rare) is advo-
cated. When possible, follow-up to adulthood 
could be useful to assess fertility and paternity.

72.6  Results and Complications

Laparoscopic varicocelectomy offers good 
results. Besides the less operative pain, better 
cosmesis and faster return to normal life, one of 
the main advantages of the minimally invasive 
approach is the possibility to perform a high dis-
section and ligation of the spermatic veins near 
their drainage. This decreases the necessity to 
dissect less tributary spermatic veins and harm 
collateral vessels and to identify collateral sper-
matic veins, lowering the risk of recurrence and 
bleeding. Moreover, at this level the spermatic 
artery is sometimes easier to identify and this is 
particularly helpful when performing a modified 
Palomo’s technique. Operative time varies from 
20 to 60 min depending of the surgeon’s experi-
ence, skills, and technique [12].

The general overall rate of complications is 
around 8–12%, and these include bleeding, sub-
cutaneous emphysema, genitofemoral nerve 
injury, hydrocele, recurrence, testicular atrophy, 
and intestinal injury [10, 13, 14]. Hydrocele is 
secondary to accidental ligation of the lymphatic 

vessels and is the most common postoperative 
complication encountered with a rate of 7–15% 
[13, 15]. Recent reports advocate the use of the 
lymphatic sparing technique with blue dyes that 
allows to distinguish and preserve the lymphatic 
vessels decreasing the rate of postoperative 
hydrocele to 0–3% [11, 16]. Recurrence is 
reported in 6–15% and has been correlated to the 
presence of collateral/aberrant spermatic veins, 
incomplete ligation of the spermatic veins while 
performing the sparing of the spermatic artery in 
the modified Palomo’s technique and dilatation 
of other preexisting collateral gonadal veins [17]. 
Testicular atrophy following laparoscopic varico-
celectomy, even with the Palomo’s technique, is 
very rare and is reported in 0–2%. This complica-
tion is mainly correlated with the open inguinal 
or sub-inguinal approach [17, 18].

72.7  Discussion

Varicocele is present in 15% of the pediatric pop-
ulation. Prevalence begins predominantly in chil-
dren over 12  years old and increases during 
testicular development in adolescence. The main 
challenges in pediatric varicocele are: (1) to 
establish the degree of severity and the potential 
risks for the testicular development and fertility 
and (2) to establish when and which could be the 
best treatment to perform. Establishing the degree 
of severity and the potential risks is not easy 
because until now the general classification used 
to evaluate severity is merely clinical based on 
the testicular volume and the Dubin and Amelar 
classification [5]. These data do not consider the 
size of the varicocele independently of the 
Amelar classification as well as the intensity and 
consequences of the venous blood flow reflux 
into the testicular parenchyma. Iosa and Lazzarini 
proposed a new classification based on a scrotal 
Doppler sonography that evaluates the type and 
degree of venous reflux, offering a better assess-
ment of the severity and the hemodynamic reper-
cussion of the venous reflux [19]. To elucidate if 
this new hemodynamic classification, associated 
to the clinical evaluation, could offer a better 
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estimation of the degree of severity of the varico-
cele and its risk for the testicular development 
and the fertility in the pediatric population, more 
studies are necessary.

Regarding the second challenge, choosing 
when and which therapy should be performed in 
the pediatric population is still controversial. The 
main indications for varicocelectomy in children 
and adolescents are: (1) testicular asymmetry 
(involved testicle with a lower volume difference 
of more than 20% in comparison with the contra-
lateral testicle), (2) grade III according to Dubin 
and Amelar classification, (3) bilateral varicocele 
in end-stage testicular development, (4) psycho-
logical or physical discomfort, and (5) pain [7]. 
However, these indications are still controversial 
because in children and adolescents varicocelec-
tomy seems to be mainly prophylactic than thera-
peutic especially because the real impact of the 
varicocele itself or a varicocelectomy during the 
adolescence in the adulthood fertility and pater-
nity is not clear [2, 6]. The parameter of testicular 
catch-up growth after varicocelectomy in chil-
dren is controversial due to the influence of the 
testicular development and the normal asymmet-
ric speed of growing [6]. Moreover, the recom-
mendations for varicocelectomy in adults 
published in the latest European Guidelines for 
male infertility are: (1) Varicocele treatment is 
recommended for adolescents with progressive 
failure of testicular development documented by 
serial clinical examination. (2) No evidence indi-
cates benefit from varicocele treatment in infer-
tile men who have normal semen analysis or in 
men with subclinical varicocele. In this situation, 
varicocele treatment cannot be recommended. (3) 
Varicocele repair should be considered in case of 
a clinical varicocele associated to oligospermia, 
infertility duration of ≥2  years, and otherwise 
unexplained infertility in the couple [20]. In con-
trast, in adults with varicocele that have fulfilled 
the indications for varicocelectomy, an improve-
ment in semen quality and reverse of the DNA 
fragmentation after surgery have been reported 
[21].

Laparoscopic varicocelectomy has been 
reported to be safe, feasible, and an excellent 

indication to treat varicocele in the pediatric pop-
ulation. When compared to the open approach, 
laparoscopy showed no statistical differences 
regarding rate of success and complications but 
superiority in better cosmesis, faster return to 
normal activities, less postoperative pain, treating 
bilateral cases, and allowing to perform concomi-
tantly procedures through the same laparoscopic 
approach such as inguinal hernia repair, orchido-
pexy, appendectomy, and removal of peritoneal 
adhesions [17]. The disadvantages of the proce-
dure include the high cost (depending on the 
technique and instrumentation), the necessity of 
general anesthesia, and in some cases hospital 
stay over 1 day.

The two main techniques performed are: (1) 
Palomo’s technique which includes dissection 
and section of the spermatic artery and the sper-
matic veins and (2) modification of Palomo’s 
technique which includes only dissection and 
section of the spermatic veins with sparing of the 
spermatic artery. When comparing these two 
techniques, Palomo’s technique seems to offer 
better results such as less intraoperative time, 
less intraoperative bleeding, lower risk for recur-
rence, the same very low risk of testicular atro-
phy (0–2%) but a slightly higher risk of hydrocele 
[10, 15]. Moreover, the risk of hydrocele could 
be decreased from 15% to 0–3% when perform-
ing a lymphatic sparing technique with blue dyes 
[11, 16].

In conclusion, varicocele in the pediatric 
population represents a challenge to establish 
the degree of severity and the consequent risk 
of impairing the testicular development and 
function and to establish the best timing for sur-
gical therapy. The real impact in future adult-
hood fertility and paternity in pediatric patients 
with varicocele or in those operated of varico-
celectomy is not clear and more studies are nec-
essary to elucidate this concern. When a 
surgical treatment is indicated, the laparoscopic 
varicocelectomy in children offers excellent 
results with a low risk of complications. 
Moreover, the association of a lymphatic spar-
ing technique reduces significantly the risk of 
postoperative hydrocele.
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MIS Management of Pilonidal 
Sinus Disease

Ciro Esposito, Maria Escolino, Marco Severino,  
Fulvia Del Conte, Giuseppe Cortese, 
Marta Iannazzone, F. Turrà,  
and Giovanni Esposito

73.1  Introduction

Pilonidal sinus disease (PSD) is a chronic and 
inflammatory disease that often occurs at the 
sacrococcygeal region [1]. PSD affects an esti-
mated 26 per 100,000 persons, occurring primar-
ily in young adults with a 3:1 male predilection 
[2]. PSD is more common in men and in hirsute 
people.

It usually occurs after puberty. In addition, 
there is a high recurrence rate of PSD after a tra-
ditional surgical excision. Although many tech-
niques for surgical treatment of pilonidal sinus 
have been described until now, there is no con-
sensus about the gold standard treatment [3]. The 
traditional open excision is extremely invasive, 
with a long and painful postoperative course, and 
patients are generally doubted whether to submit 
themselves to this procedure [4].

We describe in this chapter the pediatric endo-
scopic pilonidal sinus treatment (PEPSiT), a 
mini-invasive approach to PSD that gives excel-
lent results in our hands.

73.2  Preoperative Preparation

All patients and their parents have to sign a spe-
cifically formulated informed consent before the 
procedure. Patients received a specific type of 
subarachnoid anesthesia and antibiotic prophy-
laxis with IV ceftriaxone.

73.2.1  Positioning

The patient is placed in prone position with but-
tocks separated by two big plasters (Fig.  73.1). 
There are two monitors, the first one at the feet of 
the patient and the second one at the head of the 
patient, because you have to check the fistula’s 
traject up and down. The surgeon’s position is on 
the right side of the patient with a nurse on his 
side; the cameraman is in front of the surgeon 
(Fig.  73.2). To have a better ergonomy for the 
shoulders, the surgeon sometimes stands on a 
stool. No trocar is needed to perform this proce-
dure, and the fistuloscope is inserted directly 
through the fistula’s hole(s) (Fig. 73.3).

73.2.2  Instrumentation

From the technical point of view, also if we used 
a cystoscope to perform the procedure at the 
beginning of our experience, in the last 2 years, 
we always adopted a fistuloscope, with a  dedicated 
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set of instruments as a monopolar electrode, an 
endoscopic grasping forceps, and an endoscopic 
brush. The fistuloscope has an 8° angled eyepiece 
and is equipped with an optical channel and a 
working and irrigation channel. Its diameter is 
3.2 × 4.8 mm, and its operative length is 18 cm.

A removable handle allows easier maneuver-
ing and better ergonomy for the surgeon 
(Fig. 73.4). In addition you need a standard set of 

instruments for traditional open surgery and a 
monopolar electric cautery. To have a good view 
of the operative field, we use saline solution to 
irrigate (as in cystoscopy) the operative field dur-
ing the entire procedure.

73.2.3  Technique

The technique is divided in two phases, the 
diagnostic phase and the therapeutic phase. In 
the diagnostic phase, we identify the anatomy of 
pilonidal sinus and any secondary tracts and/or 
abscess cavities. We introduce the fistuloscope 
through a fistula hole, and a clear view is possi-
ble, thanks to a continuous infusion of saline 
solution. In the operative phase, the endoscopic 
forceps is inserted through the operative chan-
nel of the fistuloscope to remove all the hairs 
and bulbs under vision (Fig.  73.5). Once this 
step is completed, the brush is then inserted to 
well scarify the fistula tract in order to facilitate 

Fig. 73.1 The patient is placed in a prone position with 
buttocks separated by two big plasters

Fig. 73.2 Team position

Fig. 73.3 Fistuloscope introduction into fistula hole

Fig. 73.4 The fistuloscope gives an excellent ergonomy 
to the surgeon
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its healing in the postoperative period. Finally, 
the monopolar electrode is connected to an elec-
trosurgical knife power unit for cautery ablation 
of the sinus granulation tissue, starting in the 

main tract and where appropriate traversing sec-
ondary tracts and abscess cavities. The granula-
tion tissue is then removed using the grasping 
forceps.

Particular attention should be paid to the 
hemostasis during the procedure to avoid bleed-
ing in the postoperative period. External open-
ings are not closed but only coagulated using a 
standard monopolar cautery (Fig.  73.6). At the 
end of the procedure, a dressing is applied on the 
incision(s).

73.3  Postoperative Care

In the postoperative period, the patients can keep 
a normal decubitus.

They can restart full oral feeding few hours 
after surgery. The analgesic requirement 
(paracetamol every 6 h) is generally limited to the 
first 24 postoperative hours. All patients are dis-
charged on the first or maximum on the second 
postoperative day. No shower is admitted for 
1 week after surgery.

Parents are instructed on how to treat the 
wound daily by applying topically an antiseptic 
solution of eosin 2% and a silver sulfadiazine 
spray for about 3 weeks after surgery.

73.4  Results

The average length of surgery is about 30 min. 
We did not report intraoperative neither postop-
erative complications in our series of a 4-year 
period.

Follow-up is carried out by clinical examina-
tions at 1 week, 2 weeks, and then at 1, 3, 6, 12, 
and 18 months after surgery.

In general, at 1  month postoperatively, the 
external openings are closed in all patients.

In our recent series of more than 50 patients, 
no recurrence was recorded at a median follow-
 up of 18 months (range 1–48 months).

The average time to return to full daily activi-
ties was 2.5  days (range 1–4), and all patients 
were highly satisfied of the postoperative out-
come and cosmetic results.

Fig. 73.5 During the procedure it easy to identify and to 
remove hair thanks to the grasper

Fig. 73.6 At the end of the procedure, there are only two 
holes in a patient with a fistula with a double tract
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73.5  Tips and Tricks

Also if the original technique described by the 
adult surgeon reported the use of mannitol solu-
tion for irrigation, in our experience, we always 
used saline solution without any problem.

If the fistula’s hole is too small to introduce the 
optic, please retract the hole with a small grasper 
forceps before introducing the fistuloscope.

As for the technical point of view and also if at 
the beginning of our experience we adopted a 
cystoscope to perform the procedure, we think 
that it is preferable to use the fistuloscope to per-
form PEPSiT, because thanks to the fistuloscope 
handle you have an excellent ergonomy, without 
work-related problems for surgeon’s shoulders 
and wrists. In addition, it is very important to 
completely remove all the hairs and bulbs, to 
scarify the fistula tract with the brush and to 
coagulate very well the fistula’s walls after 
removing the granulation tissue. You should 
check all fistulas’ tracts up and down. At the end 
of surgery, it is important to remember to coagu-
late the borders of external hole(s) with a mono-
polar cautery.

73.6  Discussion

There is an ongoing debate regarding the optimal 
surgical management for pilonidal sinus disease 
in the pediatric population [5, 6]. The treatment is 
virtually the same as reported for adults. Various 
primary or secondary flap methods in open sur-
gery, accompanied by one of the local curettages, 
phenol application, electrocauterization, and 
total sinus excision methods, have been described 
for the treatment of pilonidal sinus [7]. The main 
problem after a traditional open repair of PSD is 
the very bad and long postoperative period, and 
the healing process is very long and painful in 
several cases.

In addition, following the pilonidal sinus sur-
gery, patients may encounter problems such as 
esthetical problems, infection, hematoma, dehis-
cence, and recurrence [8]. Despite various surgi-
cal techniques that have been described, reported 
recurrence rates are as high as 30%, with pro-

longed recovery times, increased use of 
resources, repeat surgeries, and patient’s frustra-
tion [9].

Analyzing literature reports there are interest-
ing data. A retrospective review about an over 
35-year pediatric surgeon’s experience at a 
Canadian children’s hospital concluded that the 
excision and packing open produced a longer 
morbidity but had the same results in terms of 
recurrences, when compared with both marsupi-
alization or excision and primary closure without 
drainage [3, 5, 10].

Minimally invasive surgical techniques are 
becoming widespread in recent years due to the 
increased experience and development of new 
instruments. New minimally invasive techniques 
derive from the concept of operating endoscopi-
cally and removing all the infected area by way 
of small circular incisions. One of these options 
is endoscopic pilonidal sinus treatment (EPSiT) 
that was inspired by video-assisted anal fistula 
treatment (VAAFT) described by Meinero in 
2006 [8, 9, 11–14].

We renamed EPSiT procedure applied to pedi-
atric patients PEPSiT.

PEPSiT includes two phases: a diagnostic 
phase and an operative phase. In the diagnostic 
phase, the aim is to identify the anatomy of the 
pilonidal sinus and any secondary tracts and/or 
abscess cavities [3, 7, 15]. The spontaneously 
draining opening which is normally situated on 
the midline cleft must be removed by enlarging 
the opening with a grasper. The same manoeuver 
is made also for the holes of secondary fistula 
tracts or abscesses. The operative phase consists 
in cautery ablation of the sinus granulation tissue, 
starting in the main tract and where appropriate 
traversing secondary tracts and abscess cavities 
and scarification of fistula walls with the brush. 
Necrotic material is removed with a grasping for-
ceps passed through the fistuloscope. Where two 
holes have been used because the infected area is 
extensive, the brush, designed with bristles in the 
middle part of a flexible metallic thread, is passed 
through the incision site.

We have applied PEPSiT in the pediatric pop-
ulation with some modifications of the original 
EPSiT described for adult patients, and we 

C. Esposito et al.



535

obtained excellent results. In contrast to the tech-
nique described by Meinero, we adopt a continu-
ous jet of saline solution instead of 
glycine-mannitol to ensure during the procedure 
a clear visual field but optimizing the economic 
impact of the procedure [4, 7, 11].

The PEPSiT procedure demonstrated to have 
many advantages compared to traditional open 
techniques. First of all, the direct vision allows 
the surgeon to see perfectly not only the pilonidal 
sinus but also any possible fistula tracts or abscess 
cavities. The fistula’s tract treatment can be mod-
ulated, and there is the certainty of the complete 
removal of the infected area. Moreover, the 
hemostasis is done thoroughly under direct 
vision. This direct vision also allows the com-
plete removal of the hairs and their follicles, 
often located not only in the pilonidal sinus but 
also in the surrounding tissue.

The aesthetic result is excellent so as the 
patient’s quality of life and satisfaction. There is 
no need for painful dressings as reported for open 
surgery, and healing occurs within 3–4 weeks, as 
reported in our series.

In addition, the spinal saddle anesthesia with the 
savings of general anesthesia and its related risks, 
the low dose of local anesthetic, and the concomi-
tant light sedation provided all components of bal-
anced anesthesia, performing the same with 
minimum cardiorespiratory disturbances, early 
ambulation, and high level of satisfaction of patient, 
of surgical team, and of patient’s caregivers. 
Furthermore, the anesthesiologic technique used 
allowed a good postoperative pain control without 
the need of pharmacological overtreatment.

In our experience PEPSiT represents the tech-
nique of choice for surgical treatment of pilonidal 
sinus disease in children. Until a few months ago, 
many patients refused surgery for important post-
operative pain, prolonged hospital stay, and long 
time for healing. In the last months, we have seen 
an increased number of patients who choose to 
undergo this procedure. In fact, it is technically 
easy and quick to perform, with a short and pain-
less hospital stay, and it allows to the operated 
patients an early return to full daily activities 
without restrictions as happened for the classic 
treatment technique.
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Laparoscopic Approach 
to Nonpalpable Testis

Baran Tokar

74.1  Introduction

Undescended testis has a prevalence of 1% in 
infants at 1 year of age, of these testes approxi-
mately 20% are nonpalpable [1].

While operative approach is well defined and 
straightforward in palpable undescended testis, 
evaluation and management of nonpalpable tes-
tes (NPT) still have some controversial points.

Decision-making process is challenging in the 
management of NPT. Physical examination is the 
first and most important determinant for the diag-
nosis. After confirmation of the diagnosis, a man-
agement plan is made according to whether NPT 
is unilateral or bilateral. Since the first report of 
diagnostic laparoscopy for NPT in 1976, laparos-
copy has been the main determining factor in the 
diagnosis and treatment process [2].

The aim of this review is to give tips and tricks 
on laparoscopic approach for NPT while address-
ing the importance of preoperative assessment, 
laparoscopic exploration, and interpretation of 
exploration findings.

74.2  Preoperative Assessment

Before definitive diagnosis of NPT, it is neces-
sary to make a double check to confirm whether 
it is a real NPT or the testicle is in inguinoscrotal 
region but could not be palpated due to size and 
consistency of the testis or patient’s condition. It 
is difficult to palpate testis in obese patients and 
severe orthopedic deformities. Testis may also be 
at ectopic location or in an abdominoinguinal 
retractile form within a hernia sac. For preopera-
tive evaluation and diagnosis of unilateral NPT, 
physical examination is all needed, and no labo-
ratory investigation is necessary. In unilateral 
NPT, compensatory hypertrophy of the contralat-
eral testis may suggest testicular absence or atro-
phy. Monorchidism was observed in 95% of 
patients with a contralateral testis 2 cc or larger in 
the series of Belman and Rushton [3], but this 
sign is not specific and does not preclude surgical 
exploration.

In cases of bilateral NPT or unilateral NPT 
accompanied by anomalies of genital region such 
as severe hypospadias or scrotal hyperpigmenta-
tion, disorders of sex development (DSD) should 
be considered in differential diagnosis, and fur-
ther genetic and endocrinological evaluations are 
needed [4].

Preoperative radiological evaluation was not 
recommended in the guidelines on NPT [4, 5]. 
Computerized tomography and magnetic reso-
nance have no significant contribution to the 
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diagnosis. Ultrasonography (USG) is the most 
frequently requested radiological examination, 
and some physicians need USG to confirm physi-
cal examination findings. USG is an easy to per-
form noninvasive tool with no risk of anesthesia 
and radiation; but it has low efficacy at diagnosis 
to detect the presence of the testis or the absence 
of an intra-abdominal testis and is dependent on 
who performs. However, USG may be helpful in 
obese children, in cases of suspected DSD, to 
identify Mullerian structures and for determina-
tion of the exact size of pathologic and contralat-
eral testes [6].

The testes that remain nonpalpable by 
6 months are unlikely to descend spontaneously. 
Surgery should be started to plan at the age of 
6 months and should be finished by 18 months at 
the latest [4, 5]. Adult studies on spermatogene-
sis, hormone production, and risk of tumor devel-
opment also suggest the early timing of surgery 
[7]. Laparoscopic exploration as early as 
6 months also decreases parental anxiety.

The parents should clearly understand the aim 
of the surgery which is to determine whether a 
testis is present or not, and if it is found, it could 
be removed or brought down to the scrotum with 
a single or two stage surgery. Informed consent 
should describe all these possibilities.

There are three options for initial surgical 
approach in NPT. Depending on the findings, the 
surgeon may prefer scrotal, inguinal, or laparo-
scopic approach. Laparoscopy as an initial proce-
dure is the most accurate way to identify the 
condition of spermatic vessels, vas deferens, and 
if present the intra-abdominal testis [2, 4]. The 
next step could be easily planned following a 
complete laparoscopic exploration.

The current laparoscopic approach with tips 
and tricks, including some ongoing controver-
sies, will be presented in the following section.

74.3  Surgical Technique

Reexamination and confirmation of NPT under 
general anesthesia is the first step in surgery. 
Testis could be palpated, and subsequently the 
surgical approach might be switched to standard 

inguinal orchidopexy [4, 5, 8]. This is especially 
important for obese patients.

For laparoscopic exploration, the patient is 
placed on the table in a supine position. The mon-
itor is placed close to the patient’s feet (Fig. 74.1). 
The surgeon, the camera, the target, and the mon-
itor should be on the same line. First, the camera 
port is inserted at the level of the umbilicus using 
Hasson technique. A 4 mm port and a 4 mm 30° 
optic are used in infants and small children. A 
5  mm optic might be preferred for older ages. 
Following the camera insertion, the table is 
brought to Trendelenburg position, allowing for 
better exploration of the inguinal and intrapelvic 
region. For unilateral NPT, exploration is initi-
ated from the contralateral side. Entrance of sper-
matic vessels and vas deferens into internal ring 
without any associated pathology is confirmed. 
The camera then focuses on the side where the 
testis cannot be palpated. The spermatic vessels, 
vas deferens, and, if present, the condition of the 
intra-abdominal testis are evaluated. A full uri-
nary bladder or dilated intestinal segments might 
cause difficulty in exposure of surgical anatomy. 
Exploration should not be questionable, and it 
has to be completed with a clear exposure of the 
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Fig. 74.1 Surgeon, patient, and monitor positions for 
laparoscopic exploration of nonpalpable testis at the left 
side
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region of surgical interest. If needed, muscle 
relaxation might be asked to the anesthesiologist, 
and Trendelenburg angle could be increased. 
Emptying the full bladder and decompression of 
the colon may provide a better vision.

At this point of exploration, two possibilities 
exist: Either a testis is found, or signs of testicular 
agenesis and inguinal or vanishing testis are 
observed. In the case of spermatic vessels enter-
ing inguinal ring, laparoscopy is terminated, and 
inguinal exploration is performed. Atrophic or a 
healthy testis might be found on inguinal explo-
ration. Atrophic one should be removed; standard 
orchidopexy is performed for healthy testis. If 
exploration shows peeping testis which is located 
right on the internal ring, it can be brought down 
in the scrotum laparoscopically or via an inguinal 
incision.

If blind-ending spermatic vessels are observed 
(Fig. 74.2), the European Association of Urology/
European Society for Paediatric Urology and 
AUA Guidelines suggest not going further and 
terminating the surgery [4, 5]. Inguinoscrotal 
nubbin is not removed according to those guide-
lines. However, residual germ cells in an extra- 
abdominal testicular nubbin theoretically have 
the potential for malignant transformation, so 
that the decision regarding whether not doing an 
inguinal exploration or exploring the scrotum or 
inguinal canal to excise the testicular nubbin 
remains controversial [8]. Guidelines support the 
belief on nubbin removal being unnecessary and 
risk being negligible. The author of this manu-
script prefers to make exploration of the scrotum 
and inguinal canal to excise the testicular 
remnant.

Testis, spermatic vessels, and vas deferens 
may not be found in laparoscopic exploration of 
the inguinal region. Intrapelvic or retrocolic testis 
might be present in such cases. If the bladder is 
full, first it is emptied, and if necessary 
Trendelenburg angle is increased to expose an 
intrapelvic testis hidden behind the bladder. If the 
testis is not found in rectovesical pouch, the ret-
roperitoneum from the internal inguinal ring up 
to the lower pole of the kidney should be exam-
ined because the testis might be found anywhere 
along that tract.

Failure of testicular development also called 
as testicular agenesis can occur in early or late 
developmental phase (Fig. 74.3). Early-onset tes-
ticular agenesis results in the absence of the tes-
tis, spermatic vessels, and Wolffian structures. In 
later failure, testosterone is produced locally and 
induces development of Wolffian structures, so 
that the vas is observed in a late-onset testicular 
agenesis. Once the diagnosis is testicular agene-
sis, no further treatment is necessary. Congenital 
agenesis of the vas deferens is a rare pathology 
but could be observed during inguinal explora-
tion. If testis and spermatic vessels are present, 
laparoscopic or inguinal orchidopexy is 

Fig. 74.2 Blind-ending left spermatic vessels

Fig. 74.3 Absence of left spermatic vessels with the 
diagnosis of testicular agenesis
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performed to save the viable testis. Associated 
congenital genitourinary malformations like 
renal agenesis might be observed and should be 
investigated. The parents should be informed on 
the late consequences of single or bilateral 
absence of the vas deferens.

Testis is absent in 20% of NPT and atrophic or 
rudimentary in 30% [4]. The rest are intra- 
abdominal, canalicular, or peeping on the internal 
inguinal ring. If intra-abdominal testis is found 
(Fig. 74.4) and if the testis can reach the depen-
dent scrotum without tension after careful dissec-
tion, primary orchidopexy without vessel division 
is performed. As a general rule, if the abdominal 
testis is able to reach the contralateral inguinal 
ring, a primary orchidopexy can be performed. A 
testis within 2  cm of the internal ring can be 
brought down without vessel division. 
Laparoscopy orchidopexy could be performed 
with vessel sparing. Depending on the surgeon 

preference, the gubernaculum might be spared or 
dissected and cut. After complete mobilization, 
the surgeon may use neohiatus lateral to the uri-
nary bladder and medial to the inferior epigastric 
vessels or may prefer to bring testis down to the 
scrotum via the internal inguinal ring and ingui-
nal canal. A dartos pouch was made and a 10-mm 
port was inserted from the scrotum into the 
abdominal cavity. Testis is brought down in the 
scrotum and placed in dartos pouch. An alterna-
tive approach in such cases is to make an inguinal 
incision and perform laparoscopy-assisted stan-
dard inguinal orchidopexy. The author prefers 
that method. Inguinal exploration and orchido-
pexy via inguinal canal have several advantages. 
Following laparoscopic complete mobilization of 
the testis, inguinal exploration might provide a 
better exposure for inguinal hernia repair together 
with additional retroperitoneal dissection of sper-
matic vessels and vas. If needed, inguinal Prentiss 
maneuver could also be performed. There is also 
possibility of polyorchidism associated with 
intra-abdominal testis. An inguinal rudimentary 
testis sharing the vas with intra-abdominal testis 
could be found (Fig. 74.5). The author observed 
polyorchidism in 4.5% of the patients who had 
laparoscopic exploration for NPT [9]. Combined 
laparoscopic and inguinal explorations might be 
suggested for intra-abdominal testis with the aim 
of not missing an associated inguinal polyor-
chidic rudimentary testis and making inguinal 
orchidopexy [10].

Testis lying high beyond 4 cm of the internal 
ring may not reach the scrotum without division 
of the testicular vessels (Fig. 74.6); the distance 
between 2 and 4  cm is a gray area [11]. While 
some surgeons accept the distance more than 
2 cm as high position and perform vessel division 
[4, 12], some others perform primary orchido-
pexy for the testis in gray area, and if the testis 
cannot reach down into the scrotum, the testis is 
left in high scrotal position at this stage, and later 
the second look is done.

If vessel division is needed, a single- or two- 
stage Fowler-Stephens (FS) orchidopexy could 
be performed. The main point in FS procedure is 
to divide the spermatic vessels with conservation 
of the collateral vascular supply.

Fig. 74.4 Intra-abdominal left testis that can be brought 
down to scrotum by primary orchidopexy

Intraabdominal
testis

Inguinal testicular
remnant

(nubbin testis)

Fig. 74.5 Polyorchidism: intra-abdominal testis sharing 
the vas with an inguinal rudimentary testis
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To perform FS procedure, the table is kept in 
Trendelenburg position and inclined 15° ipsilateral. 
Ports and instruments are 3 mm in infants; 5 mm 
might be preferred in older patients. At first, the 
peritoneum alongside of the spermatic vessels is 
cut, and then high dissection and ligation of vessels 
by sutures or clips are performed. If the surgery is 
planned as a single stage, laparoscopic orchido-
pexy is completed with preservation of deferential 
vessels.

If division of spermatic vessels is needed, the 
author prefers two-stage FS technique. Two-stage 
FS orchidopexy allows development of collateral 
blood supply and provides greater testicular 
mobility. Time interval between the first and sec-
ond procedures is around 6  months. Sparing 
gubernaculum with less dissection may also 
decrease the chance of testicular atrophy. 
Preserving the gubernacular collaterals together 
with deferential vessels increases the chance of 
testicular survival [13].

At the second stage of FS, adequacy of the tes-
tis and collateral blood supply along the vas are 
confirmed. Spermatic vessels are divided between 
the proximal and distal ligation. The testis and 
the vas with a wide strip of peritoneal covering 
are mobilized. Meticulous dissection is needed to 
protect collateral vessels. One must also pay 
attention to avoid injury to ureter and iliac ves-
sels. During dissection, the testis is moved toward 
the contralateral side to check the adequacy of 

mobilization. Dissection of peritoneum continues 
until enough length is gained. During dissection, 
it is better to use bipolar diathermy with the aim 
of not causing any harm to the collateral blood 
supply. Following a complete mobilization, the 
testis is brought down to the scrotum by either 
laparoscopic orchidopexy or laparoscopy-
assisted standard inguinal orchidopexy described 
above. The gubernaculum has to be dissected and 
cut if laparoscopic orchidopexy is preferred. If 
the neohiatus lateral to the urinary bladder and 
medial to the inferior epigastric vessels is going 
to be made, the urinary bladder is emptied by 
catheterization prior to the insertion of scrotal 
port into the abdominal cavity via the neohiatus. 
After the laparoscopic mobilization, if the proce-
dure is completed by an inguinal incision and 
standard inguinal orchidopexy, the gubernacu-
lum and associated collateral vessels could be 
spared.

If the patient has bilateral intra-abdominal tes-
tis, concurrent bilateral orchidopexy could be 
performed. When ipsilateral testicular viability is 
questionable, a staged approach should be con-
sidered for the contralateral testis [14].

Surgical procedures for NPT do not involve an 
overnight stay in hospital. Postoperatively, fol-
low- up of the patient is scheduled at the first 
week, the first month, and the third month of the 
operation and subsequently decreased on a yearly 
basis. The size, position, and condition of the tes-
tes are checked by both physical examination and 
Doppler USG.

74.4  Discussion

Physical examination followed by laparoscopic 
exploration answers most of the questions that 
might be asked in NPT.  Laparoscopy has been 
widely accepted as the main determining factor 
in the diagnosis and treatment. Reexamination 
and confirmation of NPT under general anesthe-
sia should be done routinely to avoid unnecessary 
laparoscopic exploration. Radiological investiga-
tions to find the testis or concentration on the 
changes of contralateral testis such as compensa-
tory hypertrophy does not contribute significantly 

Fig. 74.6 Testis lying high and needs two-stage Fowler- 
Stephens orchidopexy
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to decision-making process [4, 5]. Laparoscopy 
provides a perfect exposure of the inguinal 
region. The surgeon may easily figure out what 
the pathology is and what to do in the next step.

Ideal age for the surgery is starting from 
6 months up to 18 months, but a child in an older 
age with NPT also needs laparoscopic explora-
tion to delineate the pathology [15]. The manage-
ment is planned accordingly.

Surgeons who prefer scrotal or inguinal 
approach as an initial procedure should consider 
the possibility of missing an intra-abdominal tes-
tis. Inguinal exploration might be subsequently 
combined to the laparoscopy, but initial proce-
dure should be the laparoscopy to decide on 
whether to go further or not.

Depending on the experience, the surgeon 
may have difficulty in exposure and interpreta-
tion of intra-abdominal findings. In such cases, 
positions of the patient and the surgical team 
should be reevaluated. The patient should be in 
Trendelenburg position. Emptying the bladder, 
decompression of the colon, or muscle relaxation 
might be needed to create an intra-abdominal 
working space.

At the end of the laparoscopic exploration, 
either a testis is found intra-abdominally, or signs 
of testicular agenesis and inguinal or vanishing 
testis are observed. Laparoscopy is terminated 
with observation of spermatic vessels entering 
inguinal ring or findings of testicular agenesis. 
Before the final diagnosis of testicular agenesis, 
the rectovesical pouch and the retroperitoneum 
from the internal inguinal ring up to the lower pole 
of the kidney should be carefully explored to find 
an intra-abdominal testis. Guidelines also suggest 
to terminate surgical procedure in the case of 
blind-ending spermatic vessels [4, 5]. Although 
the risk is accepted as negligible, residual germ 
cells in testicular remnant left in inguinoscrotal 
region theoretically have the potential for malig-
nant transformation. Since any intra-abdominal 
atrophic testis found at laparoscopic exploration 
should always be excised due to the high incidence 
of residual germ cells, we need prospective studies 
to show whether the risk is really negligible for 
extra-abdominal testicular nubbin or not.

When intra-abdominal testis is present, pri-
mary orchidopexy should be the primary goal. If 
it is not possible and if we need vascular division, 
then the goal becomes to preserve maximum vas-
cular collateral. Two-stage FS orchidopexy 
allows development of collateral blood supply. 
Gubernaculum-sparing two-stage FS procedure 
done with attentive mobilization of a wide strip 
of peritoneum between the testis and the vas pro-
tects collateral vessels.

Postoperative follow-up with regular interval 
is highly important in NPT. Relative or complete 
testicular atrophy and testicular ascent may occur 
[8]. Parents should be informed on operative 
findings and the possible future scenarios.
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Complications in Pediatric MIS

Holger Till, Jürgen Schleef, and Ahmed El Haddad

75.1  Introduction

Prevention and management of complications 
represent essential responsibilities of every pedi-
atric surgeon. “Things just don’t happen,” but 
complications can be anticipated (by awareness, 
education), can be avoided (by training, experi-
ence), and must be managed well (on a mastery 
level). Especially in pediatric minimally invasive 
surgery (MIS), the spectrum of techniques ranges 
from neonatal to adolescent and from thoracic, 
abdominal, urological, to oncological procedures 
(and many others). All of these techniques imply 
a specific learning curve and a variety of compli-
cations. The following article shall deal with gen-
eral complications of pediatric MIS, while 
procedure-specific challenges are dealt with in 
the corresponding chapters.

75.2  Complications of Access 
Techniques

The basic principles of access techniques to the 
body’s cavities have already been elucidated in 
Part I of this book.

In general access techniques can be divided 
into open and closed methods. Usually the umbi-
licus serves as the primary entry site. Specifically 
in newborns and small infants, the umbilicus may 
cover persistent embryological structures like 
omphaloenteric duct, urachus, or patent umbili-
cal vein. Direct insufflations of CO2 into the pat-
ent umbilical vein and cardiac arrest have been 
described [1]. Consequently in such small chil-
dren, the primary incision at the umbilicus should 
rather be made on the left side to avoid false 
entry. Furthermore blind puncture with the Veress 
needle for installation of the pneumoperitoneum 
and the open introduction (Hassan technique) 
imply a certain risk of intraabdominal organ 
damage including bowel or major vessels [2]. 
“The smaller the child, the greater the risk” may 
serve as a general guideline for the initial access.

75.3  Interaction Between 
the Pneumoperitoneum 
and Anesthesia

Pneumoperitoneum and pneumothorax represent 
unphysiological conditions with many possible 
side effects especially due to absorption of the 
gas and pressure within the compartment. Many 
elaborate studies about consequences for anes-
thesia, respiratory function, and hemodynamic 
parameters are available [3] and will be discussed 
elsewhere. Complications as such occur when 
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these side effects exaggerate or remain unde-
tected. High-risk patients like newborns or 
 children with cardiopulmonary insufficiency 
(like CDH) or elevated cranial pressure are 
exceptional vulnerable. Anyhow pressure and 
flow of CO2 should be limited and adjusted 
according to the operative space and the size, age, 
and status of the patient [4].

75.4  Ports and Port Site 
Complications

Following the installation of the optical port and 
CO2 insufflation, several working ports must be 
introduced “under optical control.” There is a tre-
mendous variety of ports and trocars available 
today. For pediatric MIS, the size and the length 
matter most, i.e., ergonomically they should fit to 
the size of the child. For example, thoracoscopic 
CDH repair should not be attempted with 5 mm and 
long ports; instead 3 or 3.5 mm seems adequate. All 
of these principles are dealt with in Part I “Basics” 
but seem worth mentioning again, because inade-
quate instrumentation will inevitably translate into 
inadequate performance or complications.

Complications from the introduction of the 
working ports do not differ much from those of 
the first port, especially perforation and bleeding. 
Port placement for laparoscopy should avoid the 
epigastric vessels and penetration of the abdomi-
nal muscle. Instead the lateral border of the rec-
tus sheath or the aponeuroses of the lateral 
abdominal muscles should be preferred. For tho-
racoscopy the ports should avoid cutting the 
intercostal vessels and rather spread the intercos-
tal muscles.

Final removal of ports should be guided with 
the scope. In case of port dislocation during the 
procedure, it must be reintroduced with a blunt 
trocar and again under optical control, preferably 
through the same defect. But remember that the 
leakage of gas may “blow” parts of the omentum 
up and into the defect, which later may cause her-
niation [5] and adhesions [6]. So during the final 
closure, one should inspect such complications 
carefully. In any case all port sites should be 
sutured!

75.5  Complications by 
Instruments and Sizes

The technical development of instruments suit-
able for pediatric MIS has been enormous in the 
last two decades. In fact some procedures have 
become much safer and easier since the introduc-
tion of special devices like a 3 mm sealer or 5 mm 
stapler, which seem just right for infant lung 
resections. The knowledge on how to use such 
devices correctly has increased in parallel. Basic 
straight instruments for pediatric surgery may be 
as small as 2  mm and 15  cm short. However, 
small instruments do not translate automatically 
into atraumatic handling. Instead grasping tissue 
with a small jaw of a 3 mm may inflict more pres-
sure or damage than by a 5  mm instrument. 
Especially in newborns, gentle tissue handling 
with small instruments seems essential to avoid 
tissue damage, tissue perforation, tears, or leaks.

75.6  Complications During 
Retraction of Tissues 
and Organs

In many pediatric procedures, adequate exposure 
can only be facilitated with sufficient retraction 
of adjacent structures. Many different devices are 
available to retract the bowel, stomach, liver, and 
many other organs. They may cause bleeding, 
bowel perforation, or even partial organ damage 
like it has been described for the Nathan retractor 
causing partial liver necrosis during laparoscopic 
gastric surgery in an adult [7]. All tissue and 
organs, which have been retracted or grasped, 
should be controlled at the end of the procedure 
to avoid an unrecognized damage.

75.7  Complications by Cutting 
and Sealing with Energy 
Sources

Complications with cutting and sealing devices 
have been reported since the beginning of the 
development of MIS and must always be kept in 
mind.
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Hook cautery with monopolar energy should 
be discussed first. Many experts are very fond of 
this instrument because it allows for delicate dis-
section. To avoid major burns, the entire non- 
insulated hock should be watched during 
activation. Furthermore it remains the surgeon’s 
responsibility to check the “dispersive electrode” 
to avoid malfunction. Tissue damage, which 
occurred accidentally, must be repaired immedi-
ately. Severe thermal damage to the bowel, which 
remained unrecognized, could lead to necrosis, 
perforations, and systemic sepsis and peritonitis.

Several alternatives to monopolar coagulation 
exist carrying their distinct potential for compli-
cations, such as bipolar currency, Ultracision™, 
LigaSure™, laser, and JustRight™ 3 mm vessel 
sealing system. Of course surgeons should be 
familiar with the technical finesse before using 
them. Nevertheless when sealing a major vessel 
of, e.g., 5 mm in diameter, some companies claim 
that the sealer closes the vessel and allows cutting 
at the same time. Experts in the field however 
have experienced disastrous malfunction [8] and 
would rather prefer to (a) create enough length on 
the vessel, (b) make two independent seals, and 
(c) partially cut in between to check the complete 
occlusion before cutting completely. Such surgi-
cal details may avoid major complications.

75.8  Complications with Clip 
Applier and Stapler

Clips and staplers have eliminated tedious suture 
tying and knotting, especially in small spaces.

Clip appliers come in various sizes and mech-
anisms and are commonly used to occlude 
smaller blood vessels or luminal structures such 
as the cystic duct. As far as their complications 
are concerned, it seems important to use adequate 
sizes to occlude the entire width of that structure. 
Note that especially straight titanium clips may 
fall off, when the stability of the clip does not 
match the rigidity of the structure, especially 
when a major bronchus is clipped. Furthermore 
they may be pulled off during a procedure by 
repetitive manipulation. Postoperative clip fail-
ure represents another major complication. One 

reason could be the intraoperative combination of 
cautery and clips when sealing a vessel. This 
must absolutely be avoided, because heat causes 
collateral necrosis and the tissue within the clip 
will not scar but may fall off.

Staplers come in different sizes (12–5 mm by 
JustRight™), with different functions (roticulat-
ing Y/N) and in different lengths of the car-
tridge. The most common type is a linear stapler. 
Most models fire three rows of staples on each 
side and cut in between (linear cutter). Different 
staple heights must be selected depending on 
tissue thickness. The color of the cartridge codes 
for the height of the staples and thus for the tis-
sue to be used on (e.g., white for vessel or blue 
for parenchyma). This point seems trivial to 
many experts, but stapler failure like bleeding or 
leaks is often based on this detail. Latest genera-
tion staplers combine various heights of staples 
in one cartridge to cope with different functions 
“all in one.” Special care must be taken when 
stapling edematous intestine (e.g., the appendix 
[9] or thin tissue like dilated bowel), where the 
staples cannot hold the tissue. Finally most min-
imally invasive surgeons have experienced lapa-
roscopic linear stapler malfunction causing 
adverse events which require mastery complica-
tion management to cope with [10]. One should 
be prepared.

75.9  Devices for Specimen 
Removal

Specimens have to be removed during many dif-
ferent procedures like splenectomy, cholecystec-
tomy, colonic resection for Hirschsprung disease, 
and tumor biopsies or resection. Many harvesting 
devices and specimen bags in 5, 10, or 15 mm 
sizes (splenomegaly) are available. Possible 
complications include spillage of contaminated 
debride, loss of stones, or tissue fragments and 
malfunction. Finally especially in splenectomy 
for hematological disorders, when the spleen is 
being morcellated within the bag still, which is 
partially still in the abdomen, tears and cuts of the 
bag may cause spillage and autotransplantation 
of splenic tissues. So specimen bags should be 
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checked carefully for small holes to avoid these 
very unpleasant complications.

75.10  Discussion

The field of endosurgery in children is constantly 
expanding and growing. Many reports in the lit-
erature can be found about new procedures, new 
techniques, and modified approaches. Mastering 
delicate procedures requires delicate complica-
tion management or even better the prevention. 
Unfortunately academic information about the 
true incidence of complications related to techni-
cal mistakes or instrument malfunction is rather 
limited. Thus recommendations for the manage-
ment of minor and major technical complications 
lack a higher level of evidence. Nevertheless such 
complications occur, and most advanced centers 
for pediatric MIS have implemented their quality 
and risk management systems including a stan-
dardized surveillance of surgical complications. 
More specifically the classification by Esposito 
[2] supports detailed tracking of MIS complica-
tions (a) related to the time at which they occur 
(preoperative, intraoperative, postoperative); (b) 
the phase of the laparoscopic procedure (creation 
of pneumoperitoneum, positioning of trocar, dis-
section, coagulation, extraction, closure of trocar 
orifice); (c) complications related to the specific 
procedure performed; (d) failure or malfunction 
of the device or equipment used; and (e) other 
causes (non-trained surgeon, wrong indication 
for the patient, anesthesia). From these data each 
unit should develop its specific strategy on how 
to improve future care. Moreover individual 
training and teaching remain essential [11] con-
veying that complications must be anticipated 
(by awareness, education), can be avoided (by 
training, experience), and must be managed well 
(on a mastery level).
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Fetoscopy: The Minimally Invasive 
Fetal Surgery

Jose L. Peiro and Federico Scorletti

76.1  Introduction

Fetal surgery aims to correct congenital malfor-
mations in utero to prevent progressive deteriora-
tion and severe consequences on fetal 
development. Nowadays, prenatal diagnosis 
allows high rate of fetal anomaly detection since 
early in gestation. Open fetal surgery provides 
direct access to fetal anatomy but carries signifi-
cant risk for the pregnant mother due to large 
laparotomy and hysterotomy and for the fetus, 
mainly preterm delivery. Improvement in patho-
physiological knowledge of major fetal anoma-
lies and the development of therapeutic tools 
allow fetoscopic procedures in some specific 
cases [1].

Selective fetoscopic laser photocoagulation 
(SFLP) is the goal standard for treatment of twin- 
to- twin transfusion syndrome (TTTS) in mono-
chorionic twin gestations to fulgurate and block 
the placental vascular anastomosis [2]. The evi-
dence for fetal intervention in congenital dia-
phragmatic hernia (CDH) by fetoscopic 
placement of an endoluminal detachable balloon 

for fetal tracheal occlusion provides promising 
benefits in outcomes and currently is still under 
formal investigation [3]. Selection of patients for 
prenatal intervention is becoming more precise 
and accurate. In other less common diseases, 
such as amniotic constrictive bands, obstructive 
uropathy, intrathoracic cyst lesions, or pleural 
effusion, indications for prenatal intervention 
should be evaluated case by case. Prenatal repair 
of myelomeningocele (MMC) has proved effec-
tive in reducing neurologic sequelae of this con-
dition, improving limb function, and reducing the 
need for ventricular shunt [4]. So far, the gold 
standard for prenatal MMC repair is open proce-
dure, through a controlled hysterotomy. Ongoing 
research studies aim to improve the minimally 
invasive approach also for this congenital malfor-
mation. Some groups are using percutaneous 
access with two or three inserted trocars to 
achieve the neurosurgical repair in utero [5]. In 
our institution, we externalize the uterus through 
a maternal laparotomy and proceed with the strict 
fetoscopy. This technique allows a better control 
of the fetus that can be manipulated and put in 
correct position, optimal insertion of the trocars, 
less pressure of CO2 for the amniodistention, and 
closure of the amniotic orifices at the end of the 
procedure.

In this chapter, we describe the basic princi-
ples of minimally invasive fetal surgery by fetos-
copy with both externalized uterus and 
percutaneous approaches.
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76.2  Preoperative Preparation

Before any fetal intervention, every pregnancy 
should undergo a detailed diagnostic imaging 
(including high-resolution prenatal ultrasounds, 
Doppler, fetal echocardiography, and fetal MRI) 
to describe the anatomy of the fetus and the uterus 
(localization of placenta, insertion of umbilical 
cord, etc.) and an amniocentesis to exclude other 
major anomalies and genetic disease.

A full well-being evaluation of the mother is 
also paramount. Some maternal diseases, such 
hypertension, diabetes, or obesity, could be a 
contraindication for surgery.

Specific informed consent must be signed 
before the procedure. If the surgery is performed 
after 23  weeks of gestation, when newborn is 
potentially viable, the discussion should include 
the course of action to take in case of unforeseen 
fetal instability and delivery of the baby in the OR.

Fetal anesthesia is provided primarily through 
the transplacental passage of the volatile anes-
thetics. However, this takes about an hour to 
reach 70% of the maternal levels. If any interven-
tion is expected directly on the fetus, we admin-
ister an anesthetic cocktail comprising 10–20 mg/
kg fentanyl, 20  mg/kg atropine, and 0.2  mg/kg 
vecuronium intramuscularly to the fetus.

Tocolytic agents are administered the day 
before, in the OR, and, based on the type of pro-
cedure, continued in the postoperative period. IV 
antibiotic is administered to the mother before 
the incision, and, also, it is recommended to 

administer another dose into the amniotic fluid at 
the end of the procedure.

76.3  Positioning

Fetoscopic procedures can be performed with local, 
epidural, or general endotracheal anesthesia. The 
patient is placed on the OR table supine or in lateral 
position, based on the type of procedure and pla-
centa position. In addition to endoscopic video, a 
monitor with intraoperative US imaging should be 
visible to all surgeons during for the entire proce-
dure. Screens are usually positioned at the head of 
the patient. In our institution, the surgical team 
includes at least one pediatric surgeon and one 
maternal-fetal medicine specialist, one at each side 
of the table. Some specific fetal surgeries also require 
the contribution of pediatric sub-specialties such as 
cardiology, neurosurgery, ENT, or urologists.

76.4  Instrumentation

Ultrasound must be on the sterile field for the 
whole surgical procedure to guide surgery and 
constantly monitor the well-being of the fetus. 
Before the procedure, it also identifies the posi-
tion of the fetus or fetuses and the placenta and 
reviews the specific anatomic anomalies (spinal 
defect, amniotic band, bladder, etc.). Several 
purpose- designed fetoscopic instruments were 
developed (Fig. 76.1). Currently, we use a 10 Fr 

10 Fr cannula

Micro-scissors

Micro-grasper

Laser fiber

Detachable balloon

Fetoscopic
sheaths

1.3 mm & 2 mm
telescope

Fig. 76.1 Basic instruments and accessories for fetoscopic procedures
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or 12  Fr valved cannulas inserted by Seldinger 
technique and semiflexible telescopes of 1.3 and 
2  mm that fit inside a 2.7  mm rigid metallic 
sheath. The last can be curve, semi-curve, or 
straight, with working channels for amnioinfu-
sion and instrumentation. Depending on the pro-
cedure, the instrumentation includes long 
needles, laser fiber, double-J urinary catheter, 
micro-graspers, micro-scissors, or a catheter con-
nected to a detachable balloon.

Infusion apparatus of warm Ringer’s lactate is 
also essential to clear our endoscopic visualiza-
tion and replace the amniotic fluid lost.

76.5  Technique

Fetoscopic technique strictly defines the mini-
mally invasive procedure on the uterus. 
Depending on the procedure and specific case, 
the uterus can be accessed percutaneously or be 
exteriorized through maternal laparotomy, for 
example, in the case of anterior placenta, fetal 
cystoscopy for urethral valves ablation, or feto-
scopic spina bifida repair.

If oligohydramnios is present, amnioinfusion 
with warm Ringer’s lactate may be performed to 
facilitate the fetoscopic surgery. Trocars’ place-
ment can’t rely on external landmarks and 
depends completely on intraoperative ultrasound 
to assess the fetus, placental position, and desired 
target. In the case of percutaneous approach, after 
local anesthesia, a stab incision is made on the 
skin, and trocars are placed with Seldinger tech-
nique. Under continuous ultrasound guidance, 
the uterus is accessed with the needle, and a 
round-tipped guide wire is advanced; the trocar is 
then passed over the guide wire into the cavity. 
This procedure is repeated for all the needed 
access. A sharp tip on the sheath can be also used 
to introduce the fetoscope in the amniotic sac 
without cannula. By this technique we are not 
able to remove and enter repeatedly the feto-
scope, which should stay intra-amniotic during 
the whole procedure to avoid multiple amniotic 
orifices.

In the case of externalized uterus, a maternal 
laparotomy is performed and the uterus exposed 

before accessing it. The needle is introduced 
without stub incision. In these cases, we advise to 
secure the trocars to the abdominal or uterine 
wall with a stitch to avoid dislodgement.

Once the fetoscope is introduced, the first step 
of all procedures is the direct visualization of the 
fetus, including limbs and umbilical cord. Surgeon 
must be always aware of these elements during 
his navigation in the amniotic cavity and during 
the actual procedure. Then he proceeds with the 
examination of the target and its accessibility.

In SFLP, a single trocar or sheath is placed in 
the sac of the recipient twin. Once inserted the 
fetoscope, a complete mapping of the vessels on 
the placental surface must be performed before 
any intervention. Umbilical cord placental inser-
tions must be interrogated, and then, we list all 
vascular anastomosis between donor and recipi-
ent twins to recognize the vascular equator. These 
connections can be AA, VV, VA, and AV anasto-
mosis. The inter-twin membrane serves as guid-
ance to see vessels crossing, but we need to 
explore all 360° around to rule out any atypical 
vascular trajectory and peripheral anastomosis. 
Diode or Nd:YAG Laser photocoagulation (usu-
ally at 30–45 W of power) should be as selective 
as possible, directed only on connecting vessels 
without compromising the vascular support to 
the umbilical cords and the fetuses (Fig. 76.2).

In this condition, under some circumstances, 
an umbilical cord occlusion could be required. 
Laser energy can be used only early in gestation. 
Using a 10  Fr cannula, we can interrogate the 
umbilical cord anatomy and position and then 
introduce a 3 mm bipolar forceps to occlude the 
cord by diathermia (Fig. 76.2). There are optical 
forceps with the telescope integrated for direct 
visualization; otherwise, ultrasound guidance is 
required. This technique is used mostly in the 
twin reversed arterial perfusion (TRAP) sequence 
where an acardiac/acephalic monochorionic twin 
receives all of its blood from the normal or 
“pump” twin, and, as a result, the heart of the 
pump twin does extra work to sustain both fetuses 
and is at risk for heart failure and death.

Alternatively, radio-frequency ablation (RFA) 
is often used to stop the blood flow to the 
abnormal twin by percutaneous insertion of a 
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thick needle in the abdominal insertion of the 
cord of the acardiac twin under ultrasound 
guidance.

Fetoscopic endoluminal tracheal occlusion 
(FETO) performed for fetal endotracheal balloon 
placement for severe CDH prenatal therapy 
requires only one percutaneous trocar (Fig. 76.3). 
The fetoscope is guided into the fetal larynx and 
vocal cords to access fetal trachea with a combi-
nation of ultrasound guidance and direct visual-
ization. Tracheal rings confirm the correct 
position and lead to the carina. The specific 
detachable balloon is then inserted pushing the 
catheter through the fetoscopic sheath and placed 
halfway between the carina and the vocal cord; 
the balloon is inflated with sterile saline and 
detached. The balloon can be removed fetoscopi-
cally in the same fashion or punctured under 
ultrasound guidance if necessary, around 
34 weeks of gestation.

This same technique and approach can be 
used in congenital high airway obstruction syn-
drome (CHAOS) for re-permeabilization of bron-
chial, tracheal, or laryngeal web/atresia by means 
of laser fiber in contact with the obstructive tis-

sue. Ultrasound guidance is crucial for an appro-
priate alienation of the fetoscope, laser fiber, and 
distended trachea before applying energy to 
make an orifice.

Constrictive amniotic bands can be 
approached with one or more trocars. Bands must 
be defined in all their lengths, courses, and con-
nections with the fetus to determine the area of 
intervention. The surgeon can also visually con-
firm distal edema of the limb or possible amputa-
tions of fingers or toes. The bands can be released 
with graspers, if visible and accessible, or laser 
(usually at 40–50 W of power) to cut the point of 
constriction perpendicularly (Fig.  76.4). 
Umbilical cord appears involved in half of the 
cases (in 11 of 20 cases we did), so an accurate 
release of these bands is mandatory to avoid fetal 
demise by cord strangulation in the short term.

Fetal cystoscopy is used to diagnose and treat 
fetal low urinary tract obstructions (LUTO) or 
also called bladder outlet obstruction (BOO). 
Vesicoamniotic shunt (VAS) placement was the 
first procedure described to treat BBO, and it is 
still the most common procedure. VAS placement 
is currently performed as a percutaneous 

b

a

Fig. 76.2 (a) Monochorionic diamniotic twin pregnancy 
with TTTS. Percutaneous selective fetoscopic laser photo-
coagulation (SFLP) access and intrauterine vision. (b) 

Monochorionic twin pregnancy with TRAP. Percutaneous 
fetoscopic cord coagulation with bipolar diathermy
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a b c

d e f

Fig. 76.3 FETO. (a) Detachable balloon inflated. (b) 
Percutaneous fetoscopy through intrauterine 10  Fr can-
nula. (c) Intrauterine view of fetal face and mouth. (d) 

Fetal epiglottis as an important landmark. (e) Inflation of 
the endotracheal balloon. (f) Detached inflated balloon for 
fetal tracheal occlusion

a b
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Fig. 76.4 Amniotic band syndrome. (a) Prenatal ultrasounds 
can detect constrictive amniotic band in a fetal extremity. (b) 
Percutaneous fetoscopy with laser fiber (asterisk) through the 

working channel. (c) Constrictive amniotic band in a fetal leg 
with significant distal edema. (d) Interstitial laser for perpen-
dicular cutting of the constrictive fibrous tissue
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procedure under ultrasound guidance. Fetal blad-
der can be easily identified, and one end of the 
double- pigtailed shunt can be pushed into the 
bladder to allow urine egression into the amniotic 
space. However, fetal cystoscopy is emerging as 
a useful technique to define the altered anatomy 
and introduce new treatment by a small fetoscope 
inserted percutaneously in the uterus with the 
previously described Seldinger technique. 
However, in this case, the sheath traverses both 
the maternal and fetal abdominal walls into the 
fetal bladder. The scope is then used to inspect 
the bladder neck and fetal posterior urethra. If 
posterior urethral valve (PUV) is visualized, 
these can be ablated with laser, and Doppler US 
can confirm the urine flow through the penile ure-
thra (Fig.  76.5). Alternatively a transurethral 
catheter can be left for bladder decompression to 
the amniotic cavity.

As mention above, we use the fetoscopy with 
exposed uterus technique also in selected fetal 

MMC cases for neurosurgical repair of the spinal 
defect. A chamber of warm CO2 is used to have 
better visualization of the neural placode that 
should be completely released and untethered 
before being covered by a protective dural substi-
tute patch and a watertight suture of the skin in 
the midline (Fig. 76.6).

After maternal laparotomy, the uterus is 
exposed, and ultrasound is used to confirm the 
position of the fetus and the location of the defect. 
We find it useful to also mark the edges of the 
placenta. With gentle manipulation, the fetus can 
be positioned with the defect facing anteriorly 
and position of the trocars is decided. After the 
positioning of the trocars (in number of 3, to form 
a triangulation directed to the target) with the pre-
viously described Seldinger technique, we 
remove a part of the amniotic fluid (300–500 cc), 
and the uterine cavity is distended with warm 
carbon dioxide. The fetus can be fixed and kept in 
position with a transuterine stitch anchored on 

Fig. 76.5 Bladder outlet obstruction. (a) Prenatal ultrasounds detect oligohydramnios, distended bladder, and dilated 
posterior urethra (keyhole sign). (b) Intravesical image of posterior urethral valves (PUV). (c) Laser fiber (LF) fulgurat-
ing urethral valves. (d) Dilated fetal posterior urethra with difficult visualization of valves. (e) Introduction of a probe 
catheter through the urethral valves. (f) Double-J transurethral catheter (TUC) in place to decompress fetal urinary tract

a b c

d e f
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the back. At this point, the repair of the spinal 
defect follows the usual steps: the sac is opened 
and resected, the placode is released from the 
surrounding tissue until it falls nicely in the spi-
nal canal, and the defect is closed with a dural 
patch and skin flap or cutaneous substitute patch. 
At the end of the procedure, the trocars are 
removed, and transuterine U-shaped sutures are 
tied to close the port sites. The uterus is then 
repositioned into the peritoneal cavity, and the 
laparotomy is closed in the usual fashion.

In all procedures, intra-amniotic antibiotic is 
administered through the fetoscope before it is 
withdrawn entirety under ultrasound guidance. A 
loading dose of magnesium sulfate or other toco-
lytic agent is administered to the mother at the 
end of the procedure to avoid uterine 
contractions.

76.6  Postoperative Care

All patients must stay bed rest for at least 24 h. 
Tocolysis is one of the most important aspects in 

the postoperative care of fetal surgery; common 
medications are magnesium sulfate, nifedipine, 
terbutaline, nitroglycerin, and indomethacin. In 
Europe, atosiban, an inhibitor of oxytocin, is also 
widely used for tocolysis.

Another key aspect is the follow-up of fetus 
conditions and the impact of the surgery on the 
congenital malformation. Serial ultrasounds are 
scheduled usually once or twice a week. For 
CDH fetus and intrathoracic lesions, we schedule 
also a repeated MRI around 34 weeks’ gestation 
to categorize the severity of the pulmonary hypo-
plasia and define a plan for delivery.

C-section is not mandatory after fetoscopic 
surgery, like what happens in open fetal surgery, 
so delivery can be vaginal unless there are other 
specific or obstetric contraindications.

76.7  Results

Fetoscopy still carries some risks when rupture of 
membranes and early delivery are the most com-
mon complications, but still significantly less 

Fig. 76.6 Sequence of images in fetoscopic spina bifida pre-
natal repair. Release of the neural placode, removal of MMC 

sac, subcutaneous pocket for skin flaps, placement of a dural 
substitute patch, and skin closure with a barbed suture
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than the open approach. One of the biggest ongo-
ing trials using a fetoscopic procedure is the 
international TOTAL trial for fetoscopic tracheal 
occlusion in severe and moderate CDH [3]. In 
these studies, preliminary data reported prema-
ture rupture of membrane in 16.7% of pregnan-
cies within 3 weeks from the procedure. Overall 
mean delivery was at 35.3 weeks of gestation, but 
1/3 occurred before 34  weeks. The comparison 
with the historical registry for CDH shows an 
increased survival in severe left CDH from 24.1 
to 49.1% [6]. Other randomized studies using 
FETO [7] showed similar results in survival, 
improving it up to 55% with tracheal occlusion 
from the 5% without fetal intervention, in severe 
CDH patients. Fetal pulmonary response after 
FETO is the most important factor associated 
with survival, independently from the gestational 
age at delivery [8].

As mentioned, the fetoscopic approach for 
MMC varies in different centers, and an analy-
sis on the real results of these techniques com-
pared to the standard open approach is difficult. 
Nevertheless, fetoscopic approach to repair neu-
ral tube defect does not appear to increase the 
risk for maternal-fetal complication when com-
pared to repair by hysterotomy and allows vagi-
nal delivery [9]. Moreover, experimental studies 
are ongoing to further reduce the number of the 
trocars. On an animal model, we were able to 
repair a surgically created fetal MMC with 
single- access fetal endoscopy (SAFE). With this 
technique, patch and glue can successfully 
repair the defect and restore gross neurologic 
function in the lamb [10], but seems not to be 
the same in human where a more permanent 
glue is required to warrant the watertightness 
during whole gestation.

Now, techniques using two or three mini-ports 
are developed and under study in clinical trials.

The benefit of SFLP for perinatal survival and 
quality of life has been reported in literature, and 
clinical trials have proved their superiority com-
pared with amnioreduction only [11]. A European 
randomized trial showed improvement in sur-
vival of at least one of the twins with SFLP (76% 
vs. 56% with amnioreduction only) as well as in 
gestational age at delivery (pregnancy lasted 

4 weeks more) and neurological outcomes of the 
survivors. Many groups add a Solomon technique 
using laser to fulgurate the line in between the 
selective coagulations to avoid missing any tiny 
vascular connection on the vascular equator [12]. 
In our series, after more than 1000 cases of SFLP 
performed for TTTS indication, the overall sur-
vival is 84%, being survival of both twins in 75% 
and achieving at least one twin alive in 92% of 
the operated cases.

In a systematic review, Tan et  al. [13] show 
that acardiac twin ablation is technically easy and 
safe, with low preterm delivery or PROM before 
32 weeks (7 out of 31) with a high survival of the 
pumping twin of 26 out of 31 in his experience 
for the treatment of TRAP sequence. Bipolar 
coagulation of the acardiac cord is very effective. 
Anyway, we usually use percutaneous radio- 
frequency ablation (RFA) needle to block the 
blood flow in the abdominal insertion of the acar-
diac mass, with excellent results.

In a large cohort of 111 fetuses with lower uri-
nary tract obstruction (LUTO), Ruano et  al. 
reported a significantly higher probability of sur-
vival with fetal cystoscopy and vesicoamniotic 
shunt compared to no intervention (adjusted rela-
tive risk (ARR), 1.86 (95% CI, 1.01–3.42; 
P = 0.048), and ARR, 1.73 (95% CI, 1.01–3.08; 
P  =  0.04), respectively). They reported also a 
trend for normal renal function in the group 
treated with fetal cystoscopy (ARR, 1.16 (95% 
CI, 0.86–1.55; P = 0.33)) that was not observed 
in the vesicoamniotic shunt group [14].

With the advent of less-invasive fetal surgery 
techniques, nonlethal disorders are considered 
amenable to intrauterine treatment when they 
result in severe disabilities in the postnatal life 
such as amputating constrictive amniotic bands. 
This condition can cause an intrauterine amputa-
tion as a result of a mechanical effect with pro-
gressive strangulation of a limb or umbilical 
cord. In this last case, the cord involvement can 
potentially be lethal. These consequences can be 
avoided by fetoscopic amniotic band release 
using laser or micro-instruments after prenatal 
detection [15]. We have performed 20 cases of 
fetoscopic constrictive band release between 17 
and 31  weeks of gestation (average 23  weeks), 
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affecting mostly left leg and significantly involv-
ing umbilical cord in half of cases. Survival of 
90% and good functional recovery of the oper-
ated extremities reflect the efficacy of this prena-
tal therapy.

76.8  Tips and Tricks

76.8.1  SFLP for TTTS

Selection of percutaneous site for amniotic access 
is crucial to have a good visualization of the vas-
cular equator, and complete mapping can be pos-
sible. Obviously, anterior placenta makes this 
more difficult, since we need to look for a window 
free of placenta (transplacental access is not an 
option because the size of the fetoscope will pro-
duce significant bleeding). Fetal MR imaging and 
accurate ultrasounds/color Doppler guidance will 
facilitate to determine the optimal lateral window 
to introduce the curved fetoscope as much poste-
rior and far away from the placental margin as 
possible. We recommend to put the patient in a 
lateral position and break the  operating table to 
open the space between iliac crest and ribs.

Once inside the amniotic sac, we can have 
blur vision for the characteristics of amniotic 
fluid in gestations after 24 weeks or because of 
some bleeding of the insertion site. If this 
impaired vision affects our ability to do an appro-
priate mapping, then amnio-exchange will be 
useful by suctioning fluid and replacing it with 
clear warm Ringer’s lactate.

Identify both umbilical cord insertions in pla-
centa, and use intertwin membrane as a guide to 
see vessels crossing is essential. A 360-degree 
exploration around the intertwin membrane is 
recommended to not miss any atypical peripheral 
anastomosis outside placental surface. Complete 
mapping and remapping before starting laser also 
is crucial. With that, we can reduce significantly 
the time of lasering. Never contact the vessels to 
avoid bleeding, and in the case of a large-size 
vessel, laser first both sides to narrow its caliber, 
and then fulgurate the center. Always complete 
amnioreduction and administer intra-amniotic 
antibiotic.

76.8.2  FETO for Severe CDH

In this percutaneous fetoscopic procedure, appro-
priate fetal position is crucial. So, fetal external 
eversion is recommended until achievement of an 
optimal fetal position and then ultrasound-guided 
intramuscular injection of the fetal anesthetic 
cocktail for immobilization. Starting this proce-
dure on a sub-optimal position can be a night-
mare. It’s always better to cancel the case and 
reschedule it 1 or 2 days later to try again for a 
better fetal position and head orientation. Once 
the scope is in the amniotic sac, use ultrasounds 
to orientate the tip of the fetoscope looking for 
the tip of the nose. Then use direct visualization, 
to navigate on the fetal face surface until you can 
identify the upper lip and gum. Introduce the 
scope over the tongue flushing warm Ringer’s 
solution, and try to identify mucosal creases of 
the palate.

I recommend advance slowly and stay some 
time in this oral position until fetus helps deflect-
ing the neck and head. Then we can go forward 
flushing fluid and opening structures.

Polyhydramnios can make this progression 
difficult when the fetus is floating in a distended 
amniotic cavity, so it could be helpful to limit 
the use of amnioinfusion or drain some amniotic 
fluid.

An important landmark is fetal epiglottis. If 
you don’t identify it easily, a useful maneuver is 
to enter into the esophagus and then go back 
slowly until arytenoid folds or epiglottis is 
identified.

Once in the fetal trachea, where you can see 
cartilage rings and floppy posterior membrane, 
watch out! Identifying the actual carina can be 
difficult when you have a shifted mediastinum, 
characteristic of CDH. The main bronchus can be 
alienated with the direction of trachea, and carina 
can be unnoticed laterally. Inflation of the bal-
loon in a main bronchus will produce severe 
damage in the fetal airway with ruptured bron-
chus and hydrothorax. So, don’t go too deep; use 
guidance of ultrasounds, and be careful to iden-
tify the carina properly.

At the time of second fetoscopy for unplug-
ging the fetal trachea, sometimes it is tough to 
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pop the balloon with a needle. Laser fiber active 
in contact with balloon surface is an easy way to 
create a pore and deflate it.

76.8.3  Amniotic Band Release

Once the amniotic sac is accessed with the feto-
scope, try to use the working channel to introduce 
laser fiber or micro-instruments like scissors or 
forceps. When the angle of those tools isn’t opti-
mal, use a second trocar if necessary to achieve the 
perpendicular projection to the constrictive band.

If the band is deep because of significant distal 
edema, use laser energy by tissue contact to cut 
perpendicularly the constrictive line, but always 
do it over the lateral external side of the extrem-
ity, avoiding injuries to the vascular or nerve ele-
ments of the limb.

Always double-check if the umbilical cord is 
not involved, and review all four extremities for 
other potential non-constrictive amniotic bands 
at that point.

76.8.4  Fetal Cystoscopy for BOO

Some authors use percutaneous access to the 
bladder, but sometimes the angle with the dis-
tended posterior urethra is so high and doesn’t 
allow good visualization of the posterior ure-
thral valves. We prefer to expose the uterus 
through a mini-laparotomy to insert our needle 
in a better angle entering the dome of the dilated 
fetal bladder. We use two T-fasteners before we 
insert the cannula and fetoscope in between for 
traction of the fetal bladder wall to the fetal 
abdominal wall during procedure to avoid fetal 
ascites and bladder leak. We use a probe uro-
logic catheter to identify the valves in the poste-
rior urethra under direct visualization. If the 
angle still doesn’t allow perfect access to the 
valves for a safe laser ablation, we insert a dou-
ble-J transurethral catheter for fetal bladder 
decompression. In case the diagnosis is urethral 
atresia on the fetal cystoscopy, a vesicoamniotic 

shunt (Harrison or Rodeck) is inserted through 
the same access and cannula.

76.8.5  Fetoscopic MMC Prenatal 
Repair

This is a technique still on evolution and under 
study. It should be limited to fetal centers with large 
experience in fetoscopy and prenatal treatment of 
spina bifida. Recently we created an international 
consortium for registry and study group. Still time 
and publications of these studies are required 
before globally recommending this minimally 
invasive approach for the prenatal repair of MMC.

Exposed uterus has been useful in our experi-
ence for allowing optimal intrauterine amniodis-
tention and space with minimal CO2 pressure, for 
better repositioning and orientation of the fetus, 
for better location access for trocar insertion, and 
for allowing the possibility to close the amniotic 
holes at the end of the procedure.

We recommend the use of warm and humidi-
fied CO2 to maintain the appropriate fetal body 
temperature and avoid instability or acidosis. 
Humidification can play an important role in pre-
serving the integrity of the amnion to avoid post-
operative rupture of membranes and preterm 
delivery. When the fetus requires better position 
and stabilization, to apply a transuterine traction 
stitch in the fetal back becomes really useful. Use 
of lateral relaxing skin incisions or skin substi-
tute patches allows close the skin in the midline 
to watertight cover the defect in almost all cases.

76.9  Discussion

Severe congenital anomalies can lead to the 
demise of the fetus during pregnancy or shortly 
after birth, as in the case of TTTS or CDH. Some 
other conditions, such as MMC or amniotic 
bands, although nonlethal, can cause severe dis-
ability and limb amputation. Unfortunately, at 
the moment, only few fetal malformations can 
be addressed or improved with prenatal 
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intervention. Moreover, the decision to perform 
fetal intervention is complex. With progression 
in this field, survival outcomes have also 
improved over the last decades. Ongoing pro-
spective trials aim to characterize fetuses that 
can benefit from surgery. Indeed, every prenatal 
intervention must balance the risk not only for 
the fetus but also for the mother. For this reason, 
fetal therapy is undoubtedly moving toward min-
imally invasive approach to minimize the hazard 
of the procedures.

Some fetoscopic procedures are simply adap-
tations of open technique. MOMS study, pub-
lished in 2011, showed that prenatal surgery 
increases the possibility of ambulation, can revert 
hindbrain herniation, decreases the need for 
ventriculo- peritoneal shunt, and improves neuro-
logical development. On the other hand, open 
technique resulted in maternal morbidity and pre-
term delivery (13% of babies were born before 
30 weeks). As in the open procedure, fetoscopy 
for MMC aims to watertight close the spinal 
defect, but the approach varies in different cen-
ters, with three ports placed percutaneously or 
accessing the uterus with two or three ports 
though maternal laparotomy [4].

Other procedures were specifically developed 
for prenatal treatment, as, for example, in the 
case of CDH, where the purpose of the procedure 
is to stimulate growth and development of the 
lung rather than correct the primary defect.

A crucial factor contributing the success of 
fetal therapy is the multidisciplinary approach, 
joining the skills of various specialists. Beside 
the pediatric surgeon, the core group must include 
neonatologists, anesthesiologist, radiologists, 
and maternal-fetal-medicine specialists among 
many others. Certain cases require specific spe-
cialists, such as neurosurgeons or urologists.

Currently, fetoscopy is effective for treating 
many fetal conditions. Nonetheless, rupture of 
membranes still remains the main disadvantage 
of these procedures, and research should focus on 
this fact to find solutions. Refinement of the tech-
niques and technologic advances will allow 
future use of minimally invasive interventions for 
other fetal anomalies that will broaden the fron-
tiers of fetoscopic surgery.
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Application of Minimally Invasive 
Surgery in Paediatric Oncology

Thomas Blanc, Luca Pio, and Sabine Sarnacki

77.1  Introduction

Childhood cancers represent 1% of all cancers. 
This equates to a paediatric cancer incidence of 
122 cases per million children in the United 
States or 1800 new patients each year (700 
between the ages of 15 and 19 years) in France. 
As a result of advances in treatment, almost 80% 
of children and adolescent who receive a diagno-
sis of cancer become long-term survivors [1]. 
Efforts are therefore directed towards decreasing 
sequels and improving quality of life. In the sur-
gical field, this includes less mutilating proce-
dure such as nephron- or ovarian-sparing surgery, 
fertility preservation procedures and minimally 
invasive surgery (MIS). The well-recognized 
advantage of MIS that reduces parietal injury and 
risk of wound infections and favours fast-track 
rehabilitation is an important factor to consider 
for cancer patients requiring a long-lasting multi-
modal treatment strategy.

Indications could be divided in four main 
areas: staging, biopsy, supportive care and resec-
tion. Since the first report of Holcomb et  al. in 
1995 of a series of children with thoracic and 
abdominal cancer undergoing biopsy thanks to 

MIS [2], many authors confirmed then the feasi-
bility and accuracy of MIS not only for diagnosis 
purposes but also for resection of children solid 
cancers. This approach developed however more 
slowly for essentially three reasons:

 1. Indications are few as most of children can-
cers are embryonic tumours with a huge size 
at diagnosis and even after size reduction by 
neoadjuvant chemotherapy.

 2. Paediatric oncologists feared incomplete 
resection and most of all peritoneal dissemi-
nation with higher rate recurrence as it was 
described in adults.

 3. Paediatric surgeons involved historically in 
children cancer were not those that were the 
pioneers of MIS, and it took some time to 
merge both expertises.

The use of MIS in paediatric oncology is now 
a part of the tools offered to cure children from 
cancer and should be discussed when appropri-
ate, provided the surgery follows the same basic 
oncologic than those applied to open surgery. 
Although the literature is profuse and generally 
underlines the feasibility, advantages and limits 
of this approach [3–5], randomized prospective 
clinical trials are lacking to elaborate worldwide- 
accepted guidelines [6]. Reports of tumour graft 
on site ports are currently very few [7] but should 
be considered as a potential risk when perform-
ing MIS in paediatric oncology.
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77.2  Case Selection 
and Indications

In the absence of official guidelines, the indica-
tion for minimally invasive diagnostic biopsy or 
ablative surgery is generally considered and 
approved by an interdisciplinary panel, including 
paediatric oncologists, surgeons, radiologists, 
radiotherapists and pathologists. The expertise of 
the surgical team should gather knowledge of 
children cancer treatment strategies and surgical 
skills not only with MIS but also with open pro-
cedures. The main obvious contraindications for 
MIS in paediatric oncology are huge and fragile 
tumour carrying a high risk of tumour spillage, 
extensive previous surgery resulting in dense 
intra-abdominal or thoracic adhesions and severe 
respiratory impairment. Tumour spillage results 
indeed in intensified chemotherapy regimens and 
radiotherapy in these children with a high risk of 
recurrence impairing their prognosis. It is thus 
mandatory not to hesitate to convert to an open 
procedure if there is any doubt in the quality of 
resection or any risk of spillage or complication 
that may delay the post-operative recovery and 
thus the pursue of treatment.

The main tumours for which minimally inva-
sive resection are not debated are those that can be 
fragmented during open procedure: neuroectoder-
mal tumours (neuroblastoma, ganglioneuroblas-
toma and ganglioneuroma), pheochromocytoma, 
paraganglioma and benign tumours. In contrast, 
MIS for tumours that cannot be fragmented such 
as Wilms tumours, adrenocortical tumours, malig-
nant ovarian tumours and solid pseudopapillary 
tumour or Frantz tumour remain a matter of 
debate.

77.3  Abdominal Tumours

77.3.1  Technical Notes

From the technical point of view, different 
approaches may be considered: transperitoneal 
approach (laparoscopy) or retroperitoneal 
approach (lateral and prone), mostly depending 
on the localization and the size of the tumour and 

the experience of the surgeon [5]. Laparoscopic 
approach is generally preferred because of a larger 
working space and more familiar anatomic land-
marks, which are crucial to the surgeon. Limits of 
the retroperitoneal approach lie in the absence of 
the ability to explore the abdominal cavity. In the 
context of malignancy, the first step of any proce-
dure is to make a proper staging which comprises 
the exploration of the parietal peritoneum and 
Douglas cul-de-sac, a step greatly facilitated by 
the MIS approach. Whenever recommended, 
lymph node sampling should precede tumour 
excision, as tissues may retract following tumour 
ablation and limit lymph node exposure.

Once completely dissected, tumours are most 
commonly removed from the abdomen in an 
endoscopic bag by enlarging the umbilical port 
site or through a suprapubic incision. This step of 
the procedure should be considered as important 
as the dissection steps in order to avoid bag rup-
ture and tumour spillage, whatever the nature of 
the tumour. The specific technical issues for adre-
nal, renal and pancreatic surgery are described in 
the respective chapters of this book.

77.3.2  Neuroblastoma and Adrenal 
Tumours

Neuroblastomas (NBs) are the most common 
extracranial solid tumours in children. They 
mostly arise from the abdomen (adrenal gland 
48%, extra-adrenal retroperitoneum 25%), less 
frequently from the chest (16%) and rarely from 
the pelvis (3%) or the neck (3%). These tumours 
are associated with remarkable biological hetero-
geneity and outcome. Some NBs may undergo 
spontaneous regression; some are cured by sur-
gery alone or after chemo-reduction, while others 
have an extremely aggressive behaviour with 
metastases and recurrences despite intensive 
treatments. The main indications of MIS in NBs 
treatment are currently:

77.3.2.1  Tumour Biopsy
Procurement of tumour tissue is mandatory to 
confirm the diagnosis, define the histological 
type (favourable or not) and the genetic 
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alterations (MYCN status and other anomalies) 
and assign the patient in the appropriate treat-
ment group. Although percutaneous biopsy is 
the less invasive approach to obtain tumour tis-
sue, a minimally invasive approach is of great 
help when the tumour location is not favourable 
for a percutaneous approach or when a huge 
amount of tissue is required.

77.3.2.2  Tumour Resection
The introduction of image-defined risk factors 
(IDRFs) in the clinical practice has brought more 
objective criteria to define the surgical risk of 
tumour removal. In the absence of IDRF, regard-
less the size of the tumour, MIS has been estab-
lished as safe alternative to open ablative surgery 
essentially in adrenal tumours and thoracic neu-
roblastoma arising from the paravertebral para-
sympathetic chain [8] (Fig. 77.1).

The first reports on MIS included a high per-
centage of infants diagnosed perinatally with an 
adrenal tumour. Regarding the high rate of 
tumour spontaneous regression and/or matura-
tion in this population, an expectant observation 
is currently recommended, provided that the 
patient has no life-threatening symptoms and that 
the tumour is of favourable biology and not 
increasing in size. When persisting after 
12 months with no IDRFs, these adrenal tumours 
are good candidates for surgical resection with 
MIS. In contrast, when IDRFs are persisting after 
this wait-and-see strategy, the question of surgery 
in tumour with good biology is still debated 
whatever the surgical approach, open or MIS. The 
presence of IDRFs in most of the other abdomi-
nal extra-adrenal locations of NBs explained that 
MIS has been poorly reported for these locations. 
In the thorax, NBs arising from the paravertebral 
parasympathetic chain appeared as the best indi-
cation for MIS. MIS is particularly interesting in 
mature neurogenic tumours such as ganglioneu-
roblastoma and ganglioneuroma in the thorax but 
also in the abdomen or the pelvis as the benefit of 
surgery for those tumours is still debated [4, 5].

Adrenocortical tumours are rare tumours, rep-
resenting 0.2% of all paediatric malignancies, i.e. 
0.1–0.4 out of one million. Complete excision is 
the treatment of choice, as they usually do not 
respond to chemo- or radiotherapy. The risk of 
spillage is considerably high due to the friability 
of the tumour’s capsule and impairs notably the 
prognosis of these very aggressive tumours. 
Biopsy is thus formally contraindicated, and 
although surgery may appear not difficult when 
the tumour is small and localized to the adrenal 
gland, laparoscopic resection should be discour-
aged when clinical presentation and imaging 
favour this diagnosis.

Pheochromocytoma and paraganglioma are 
rare catecholamine-secreting tumours in chil-
dren, benign in approximately 90% of cases. 
Regarding the possible cardiac impact of the 
associated hypertension, a preoperative prepara-
tion of the patient is usually mandatory. Surgical 
resection is the main treatment. The advantage of 
MIS on open procedure is well recognized, as it 
allows less manipulation of the lesion, less 

Fig. 77.1 Adrenal neuroblastoma without image-defined 
risk factors (no contact with renal vessels): a good indica-
tion for MIS
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delivery of catecholamines during the procedure 
and thus less tensional instability (Fig.  77.2). 
Although only case reports are documented, MIS 
is an accepted procedure for pheochromocytoma, 
especially when bilateral.

77.3.3  Renal Tumours

Wilms tumour or nephroblastoma is the most 
common malignant renal tumour of childhood, 
representing 90% of all malignant renal tumours. 
Complete surgical resection, without spillage, 
associated with a sufficient lymph node sampling 
(at least six) is the main goal of surgical treatment 
and strongly predicts final outcome. Intraoperative 
tumour spillage influences the multimodality 
treatment intensity as it upgrades the local stag-
ing to stage III and requires thus post-operative 
irradiation of the whole abdominal cavity, wors-
ening the overall prognosis. Insufficient lymph 
node sampling may also lead to under staging 
and risk of recurrence and/or metastasis. Limited 

working space, risk of tumour rupture and diffi-
culties in correct lymph node sampling are fac-
tors that explain that MIS may greatly affect the 
safety of the procedure especially in large 
tumours. Based on a multicentric study of 24 
patients, Varlet et al. concluded that only lesion 
that is not extending beyond the midline may be 
potential candidate for MIS, whereas the pres-
ence of inferior vena cava or renal thrombosis, 
adhesions to other organs and initial tumour rup-
ture would strongly contraindicate such an 
approach [9]. A recent series combined with a 
complete review of the literature identified 104 
cases of laparoscopic transperitoneal radical 
nephrectomy (LTRN) with an incidence of local 
recurrence of 3.8%, a number lower than the one 
observed in European series (e.g. with neoadju-
vant chemotherapy) with open surgery. The 
authors also underlined that tumours amenable to 
minimally invasive surgery are smaller, with 
higher numbers of low stage and standard histol-
ogy [10]. Finally nephron-sparing surgery (NSS) 
should be preferentially considered when the 
tumour is small, as it preserves renal function.

Other malignant non-Wilms renal tumours: 
They consist of rare subgroups including clear 
cell sarcoma of the kidney (CCSK), renal cell 
carcinoma (RCC), malignant rhabdoid tumours 
of the kidney (MRTK), congenital mesoblastic 
nephroma (CMN) and few others, even rarer 
tumours. Complete radical resection together 
with extended lymph nodes dissection is the cor-
nerstone of treatment for most of them. They are 
currently a contraindication of MIS.

77.3.4  Ovarian Tumours

Ovarian tumours in children and adolescents 
consist mainly in germ cell tumours (GCT), 
including a benign condition, the mature tera-
toma, which is the most commonly encountered 
and malignant tumours (yolk sac tumour, chorio-
carcinoma, teratoma, gonadoblastoma, dysger-
minoma). The other ovarian tumour types are 
benign epithelial tumours (serous and mucinous 
cystadenoma) and sex cord-stromal tumours, 
mainly represented by juvenile granulosa cell 

a

b

Fig. 77.2 MIS delivers easy access to upper (a) and 
lower (b) paravertebral neuroblastoma
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tumour (JGCT) and Sertoli-Leydig cell tumours, 
both highly malignant. In most of the cases, sur-
gery will be the only treatment, and the prognosis 
will be good, provided the surgery is done ade-
quately. If a malignant tumour is ruptured during 
surgery, adjuvant chemotherapy will be required 
with its own morbidity (especially hearing loss 
with the cisplatin-derived drugs included in most 
of the protocols). Thus the main challenge is to 
recognize a benign condition that requires an 
ovarian-sparing procedure to minimize the risk of 
long-term ovarian failure and infertility from a 
malignant tumour where a complete ovariec-
tomy/adnexectomy and a proper inspection of the 
peritoneal cavity are mandatory. In this context, 
laparoscopy is of great help for an appropriate 
staging by allowing a complete inspection of the 
peritoneum and omentum but should be used 
very carefully for ovarian tumour surgical treat-
ment as the malignant or benign nature of these 
lesions is not always easy to determine (malig-
nant non-secreting tumours) [11]. Some teams 
preferred to approach any ovarian lesion by a sus- 
pubic approach, especially for ovarian-sparing 
surgery, as it is safe and ensures an optimal spar-
ing of the remaining ovarian parenchyma in 
benign teratoma or cystadenoma. Finally lapa-
roscopy is recognized as the best approach for 
fertility preservation procedures such as ovarian 
transposition for patients requiring pelvic radia-
tion or ovarian harvesting for cryopreservation in 
patients receiving sterilizing treatments.

77.3.5  Pancreatic Tumours

Tumours of the pancreas are rare in children and 
cover different pathologies of benign (serous or 
mucinous cystadenoma), malignant (pancreato-
blastoma, carcinoma) and borderline type (solid 
pseudopapillary tumour or Frantz tumour, endo-
crine tumours). Pancreatoblastoma is mainly 
seen in young children less than 10 years of age 
and Frantz tumour in older ones. Complete 
tumour excision in the absence of rupture is of 
utmost importance in the treatment of those 
malignancies and decisive for the outcome. 

While the impact of tumour rupture is still 
debated in Frantz tumours, incomplete resection 
clearly increases the risk of recurrence [12]. 
Concerns with MIS for pancreatic tumours in 
children are mainly directed towards the 
requested experience in all advanced surgical 
techniques of pancreatic surgery including the 
Whipple procedure. However, spleen-preserving 
distal pancreatectomy and central pancreatec-
tomy with pancreaticogastrostomy for pseudo-
papillary tumours have been described.

77.3.6  Liver Tumours

Liver tumours in childhood (hepatoblastoma and 
hepatocellular carcinoma) are rare tumours. 
Complete tumour resection is the key factor for 
survival. Most of the studies dealing with the role 
of MIS in liver tumours report on resection of 
benign lesions such as focal nodular hyperplasia, 
hamartoma, haemangioma or dysontogenetic 
cysts. Minimally invasive resection for malignant 
tumours is more rarely reported [13] and should 
certainly be developed with highly trained sur-
geons, like adult liver surgeons.

77.3.7  Lymph Node Sampling

Paratesticular rhabdomyosarcomas or GCT of 
the testis may metastasize to the retroperitoneal 
lymph nodes. MIS staging sampling performed 
by retroperitoneoscopy or laparoscopy has been 
described.

77.4  Mediastinal Tumours 
and Lung Metastasis

Thoracic MIS procedures should follow the same 
oncologic rules described for abdominal tumours.

The main indications are biopsy or resection 
of mediastinal tumours and particularly neuro-
genic tumours arising from the paravertebral 
sympathetic chain [8]. Airway and/or lung com-
pression, increased intrathoracic pressure and 
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intraoperative carbon dioxide uptake may how-
ever prevent the use of MIS, especially in small 
children and infants. Germ cell tumours, located 
in the anterior or medium mediastinum, are usu-
ally infiltrating lesions with close relationship 
with vascular structures not easy to manage with 
a MIS approach. Complete surgical resection is 
mandatory and MIS is not a good option to 
achieve this goal. Hodgkin and non-Hodgkin 
lymphoma, representing 6–7% of all paediatric 
malignancies, generally originate from the ante-
rior mediastinal thymic compartment, causing 
relevant tracheal compression with a high risk of 
intraoperative anaesthesiological complications. 
Percutaneous or anterior thoracotomy is consid-
ered as best options for a representative tumour 
biopsy for diagnostic workup and risk stratifica-
tion if no peripheral accessible lymph nodes are 
accessible.

Regarding lung lesions, a thoracoscopic 
approach could be proposed when the aim of the 
procedure is to resect superficial tumours which 
are easy to identify. Preoperative tattooing or har-
pooning of lung lesions to overcome the lack of 
tactile abilities and the inability to visualize intra- 
parenchymal lesions (the most common being 
coils, coil wires, colour dye or radionuclide as 
well as minimally invasive thoracoscopic ultra-
sound) has been proposed [14] to help identifica-
tion for MIS resection, but these technics are 
currently not completely reliable. Finally, lung 
lesions are mainly metastasis of osteosarcoma, 
Ewing sarcoma or Wilms tumours, which usually 
required the whole palpation of the inspected 
lung to retrieve and resect them all.

The technical points of thoracoscopy for 
mediastinal or lung lesions are developed in the 
respective chapters of this book.

77.5  Supportive Care

Supportive care procedures include gastrostomy 
for enteral feeding, fertility preservation proce-
dures [15] and techniques of bowel protection 
for irradiation treatment using sigmoid as a 
hammock [16].

77.6  Outcome and Discussion

The fear of tumour spillage, previously reported 
in adult cancers, was a brake for the development 
of MIS in paediatric oncology. The advantages of 
MIS in providing sufficient tumour tissue for 
pathological and molecular biology analysis are 
now well recognized as well as many aspects of 
the supportive care requested by cancer patients 
such as preservation fertility methods. 
Neuroblastoma was critical for the development 
of MIS in surgical resection as fragmentation is 
unavoidable in many cases in open surgery and 
does not seem to impair prognosis. The recent 
introduction of nephroblastoma as a potential 
indication, with strict criteria of inclusion, of 
MIS is certainly reflecting the favourable experi-
ence generally acquired with minimally invasive 
approaches in paediatric oncology [17]. There is 
however not a single randomized and controlled 
clinical trials to ascertain the differences in out-
come between MIS and open approach with 
respect to the overall and event-free survival.

Appropriate patient selection, detailed evalua-
tion of surgical risk factors and conformity to 
oncological principles with a good experience 
not only in MIS but also in paediatric oncology 
surgery are thus mandatory to run a MIS program 
in paediatric oncology. Conversion should be 
performed more easily than with non-malignant 
conditions in order to prevent unexpected spill-
age or complication that will upgrade tumour 
staging and thus treatment burden, delay post- 
operative adjuvant chemotherapy or radiotherapy 
and potentially compromise survival.

Future directions already explored in the pae-
diatric field including enhanced pre- or perioper-
ative 3D visualization, perioperative fluorescent 
imaging for the identification of tumour location 
and margins and robotic surgery will certainly 
secure and improve the development of MIS in 
paediatric oncology (Fig.  77.3). Robot-assisted 
solid tumour resection procedures are now regu-
larly reported demonstrating the feasibility and 
reliability of this approach [18]. European and 
international collaborations are specifically 
needed to develop safe and efficient strategies 
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and to define indication and limits of robot- 
assisted surgery for paediatric cancers.

77.7  Conclusions

MIS, regardless of the different techniques—tho-
racoscopy, laparoscopy, retroperitoneoscopy and 
robot-assisted—is increasingly being used as sur-
gical approach in children with cancer and will 

certainly have a definitive place in the future in 
this field. Unfortunately, although case control 
studies have shown its non-inferiority to open 
approach, neither randomized clinical trials nor 
worldwide-accepted guidelines to date have 
clearly demonstrated its routine applicability. 
The decision whether to use MIS or not is there-
fore generally demanded to an interdisciplinary 
panel and a meticulous patient selection. An 
expertise in MIS and surgical oncology is essen-
tial for operating surgeons and treating centres to 
guarantee acceptable treatment outcomes. Efforts 
from European and international paediatric 
oncology surgery panels should be addressed to 
edit guidelines for MIS for each tumour group. 
Collaboration between centres specializing in 
MIS and paediatric oncology should be set up to 
produce high-quality randomized controlled tri-
als comparing MIS to open surgery.
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