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Background 

The SIVI (Italian Society of Videosurgery in Infancy) guide-
lines are clinical practice guidelines edited and approved by the
Society’s steering committee. They are the products of a detailed
systematic review of the literature, integrated with expert opinion in
the field of pediatric minimally invasive surgery. These guidelines
are intended to assist the pediatric surgeons experienced or not
experienced in minimally invasive surgery, with the goal to inform
choices related to the indications, approach, and techniques to use
when treating the major pediatric surgical pathologies.

Given the complexities of congenital malformations and other
pediatric surgical conditions, as well as large variations in avail-

able regional health services, we must note that these guidelines
are not intended as a cookbook recipe to follow for all possible
patients. Rather, the guidelines should serve as a flexible frame-
work, to be used by the physician in concert with the parents, to
choose the best approach for each individual patient. Decisions
tailored to available scientific knowledge and the needs and
desires of the patient’s family serve both patient autonomy and
medical science.

All guidelines are published in this scientific Journal, in order
to ensure their availability to all physicians.

The Guidelines project has been approved by the SIVI
General Assembly of the 2016 Madrid congress.

Review of guidelines has been performed by the Steering
Committee of SIVI and experts. 

Introduction

The most appropriate treatment for the infantile Hypertrophic
Pyloric Stenosis (HPS) is still debated. The non-surgical conserva-
tive treatment with oral or intravenous administration of atropine
does not enjoy a widespread appreciation for several factors: i) the
success rate; ii) the necessity of a long-term therapy; iii) the side
effects of this latter.1,2 In 1646 Hildanus3,4 described the symp-
toms that were most likely characteristic of a congenital pyloric
stenosis and in 1717 Blain published the first autopsy report.
Precisely in 1888, Hirschsprung identified the anatomical pathol-
ogy and the clinical aspects of the condition.5 The current surgical
solution, the extramucosal pyloromyotomy, was suggested by
Dufour and Fredet in 19086 and by Weber in 1910, but it was
developed by Ramstedt in 1912. The surgical treatment described
in 1912 by Dr. Conrad Ramstedt remains the most appropriate
standard management option thanks to the higher rate of success
(~100%), the low level of complications and a shorter length of
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hospital stay.1,3 Over the past years, the minimally invasive surgery
applied to the pediatric field has increasingly gained ground and
consideration in the surgical treatment of the HPS although it has
generated discussions and disagreements on the advantages, costs,
and benefits in comparison to the traditional open surgical
approach .7-9

For this reason, it is therefore necessary to write guidelines that
could help the pediatric surgeon in the choice of the most adequate
approach in performing a “Ramstedt’s extramucosal pyloromyoto-
my” according to the clinical picture, the personal surgical experi-
ence and the resources of the healthcare facility.

Definition

The HPS represents the most common cause of neonatal
bowel obstruction and one of the conditions that most frequently
requires surgery within the first 2 months of life. The condition is
determined by the hypertrophy of the muscle layer (mainly noted
for the circular fibers than for the longitudinal ones) of the pylorus
with consequent narrowing and elongation of the pyloric canal.
The exact etiology is unknown however several studies have sug-
gested a correlation with: genetic factors,10 maternal smoking dur-
ing pregnancy, preterm birth, reduced weight for gestational age,
cesarean section,11 young maternal age12 and exposure to erythro-
mycin during the neonatal period, in particular during the first two
weeks after birth.13-15 The HPS presents a correlation with the
family history: 17% of risk in one member of the family, 3% in
two or more members.16 In particular, if the father was affected by
the condition, the risk of a child with the same condition is equal
to 7%; if the mother was the one affected, the risk increases 4
times. The incidence is 20 times greater for twins. The incidence
of the condition varies according to the geographic location and
the race. It is estimated that it ranges from 1.5-4 cases per 1000
live births among Caucasians.12,17 The Afro-American and Asian
population prove to be less affected. Males are more frequently
affected than females with a ratio of 5:1.11 The symptoms appear
between the 3rd and 6th week of life, rarely after the fourth
month. In premature infants the onset is more insidious and occurs
between the 32nd and 87th day of life.18 A late onset was also
described.19,20 The clinical characteristics are onset of projectile
non-bilious vomiting, after every feeding, representing the main
symptom. Upon inspection, the gastric hyperperistalsis is noted
with direction starting from below the left costal margin and dis-
appearing right to the umbilicus, whereas, upon palpation, it pos-
sible to notice the olive-shape pyloric swelling. A late diagnosis
and treatment might be associated with dehydration with impor-
tant electrolyte imbalance (metabolic alkalosis and hypoproteine-
mia, hypochloremia, hyponatremia, hypokalemia and hypera-
zotemia). Clinically, these elements result in the interruption of
weight gain, typical facies (sunken eyes and fontanelles), possible
tetany. Hematemesis might sometimes occur due to the possible
association with reflux gastritis or esophagitis.16

Diagnosis

A correct anamnesis and an accurate clinical examination
allow to define a correct HPS diagnosis in 75-80% of cases, an
ability that in the past years is getting lost.16,21 In 1986, Haller and
Cohen reported and identified the following measurements
detectable at the ultrasonography as reliable elements to diagnose

the HPS: pyloric diameter ≥ 15 mm, pylorus muscle wall thickness
≥ 4 mm, pyloric canal length ≥ 18 mm.22 Since then, the ultra-
sonography has become increasingly more diffuse as a reliable
device for HPS diagnosis thanks to the high specificity and sensi-
tivity, the wide availability and the non-invasiveness, turning it
into the preferred method of diagnosis. Forster et al. reported a sen-
sitivity and specificity of the pyloric muscle wall thickness of 91%
and 85%, respectively, and a sensitivity and specificity of the
pyloric muscle length of 76% and 85%, respectively.23 Other
authors reported similar results modifying the American measures
of wall thickness > 3 mm, pyloric diameter > 10 mm and pyloric
canal length > 15 mm.24 Three parameters are therefore taken into
consideration for the ultrasonographic diagnosis of the HPS: the
maximum transverse pyloric diameter; the pyloric canal length; the
pyloric muscle thickness.

The normal pyloric thickness is approximately 2 mm; a value
greater than 3-4 mm is considered pathological.25,26 The transverse
diameter is normally < 1 cm. Values greater than or equal to 1.2 cm or
1.5 cm are considered pathological according to the clinical studies.

The length of the pyloric canal is included between 1.2 and 1.5
cm and it is considered pathological for values greater than 1.8
cm.26,27

In HPS these measures are stable over time, helping the pro-
fessional identify this condition. An indirect sign of the pyloric
hypertrophy at the gastric level is described as the cervix sign as
it resembles the uterine cervix in appearance.22,28,29 The ultra-
sound technique presents the following advantages: i) it does not
expose the patient to radiations, ii) it avoids the risk of aspira-
tion during the exam, iii) it allows to visualize the three dimen-
sions of the pylorus, iv) the exam can be repeated. The disadvan-
tages however are: i) difficult visualization of the stomach and
the intestinal tract below the duodenum, ii) operator-dependent
procedure. The methodology offers a sensitivity of 97% and a
specificity of 100%. In case of doubtful interpretation of the
clinical and ultrasonographic criteria, it is possible to perform a
contrast radiography of the upper gastrointestinal tract. The
direct radiography of the abdomen can still be helpful today in
the diagnosis of HPS in doubtful cases, allowing, at the same
time, to rule out other possible conditions. The administration of
contrast allows to identify some distinctive radiological patterns
of the HPS: i) upward string deviation or string sign; ii) inden-
tation of the base of the bulb or mushroom sign or umbrella sign;
iii) spiked antrum (due to unequal hypertrophy of the muscle
fasciae) or beak sign.22

Indication for surgery

The surgical treatment, nowadays, represents almost a forced
choice for the HPS if compared to the conservative treatment for
the following reasons: the high rate of success (~100%), the short-
est length of hospital stays, the reduced rate of complications and
a survival rate of almost 100%.

The surgical therapy is never considered as a matter of
urgency since, before the surgery, the complete stabilization and
correction of the dehydration and the electrolyte imbalance is
mandatory to avoid possible complications correlated with the
anesthesia and the immediate postoperative phase.30 In case of
greater hydroelectrolytic imbalance, it is fundamental to normal-
ize the altered blood and chemistry levels. There is a wide varia-
tion in the HPS fluid and electrolytes substitution protocols, how-
ever the typical protocol includes the correction with a solution
containing 0,45% NaCl and 5% or 10% dextrose with KCl added
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to 10-20 mmol/500 ml. Some would indicate the integration with
further saline boli in relation to the Chlorine concentration.
However, there are no existing evidences confirming that one pre-
operative hydration regimen is superior to another. The monitor-
ing of the electrolytes in this phase of rehydration remains funda-
mental. In literature, there are controversies regarding the neces-
sity of positioning a nasogastric tube during the preoperative
phase for the preoperative continuous gastric decompression,31

the use of prophylactic antibiotics32,33 and the use of antacids.34

The positioning of the nasogastric tube is however recommended
as the patient is occluded. The antibiotic prophylaxis seems more
indicated to reduce the risk of surgical wound infection.

Surgical approach 

The extramucosal pyloromyotomy suggested by Dufour and
Fredet since 1908 and modified by Dr. Conrad Ramstedt in 1912,
“Fredet-Ramstedt extramucosal pyloromyotomy”, represents the
gold standard surgical treatment for the hypertrophic pyloric
stenosis.6,7,35

In this surgical era, thanks to the increasingly greater develop-
ment of the minimally invasive surgery in its different forms and
variations, the classic open approach (right transverse supraumbili-
cal minilaparotomy) in the right hypochondrium utilized to perform
the extramucosal pyloromyotomy has been gradually substituted by
new minimally invasive approaches (both open and laparoscopic)
with optimal results as reported by the literature.36-40

Thanks to the high rate of success, the open transumbilical
approach described by Tan and Bianchi in 198641 and the video-
assisted laparoscopic approach with three trocars described by Alain
et al. in 19919,42 have reported a greater diffusion.

Furthermore, several randomized and controlled studies com-
paring these two techniques reported similar excellent results
with no statistically significant differences in terms of complica-
tions.43-45

Therefore, we will focus the writing of our guidelines by tak-
ing into consideration mainly these two approaches.

However, in literature there are few publications describing the
use of new techniques as the needlescopic approach,46,47 the sin-
gle-incision approach,48-50 the new endoluminal endoscopic
pyloromyotomy and the balloon dilation.51-53 These procedures
require special surgical abilities and further reports are necessary
to evaluate the real advantages, rate of complications and possible
contraindications. For these reasons, we do not intend to evaluate
or include these new techniques in our guidelines.

Patient preparation 

The patient has to be kept in a heated location, in the same way
the operating room has to be conveniently heated before starting the
surgery. In case of open approach, the patient is supine on the oper-
ating table, close to the right side in order to be closer to the first sur-
geon, with a small cushion positioned under the back to expose the
superior abdominal region. In case of a laparoscopic approach, the
position is the same as the one of the open approach even though the
young patient might be positioned transversally on the operating
table to facilitate the laparoscopic setting. It is recommended to posi-
tion a nasogastric tube right before the surgical procedure to void
and deflate the stomach and it can also be used to rule out the perfo-
ration of the mucosa during the pyloromyotomy.54

Open Approach (surgical technique)

Traditional approach
The traditional approach described by Fredet-Ramstedt estab-

lishes an incision of approximately 3-4 cm at the right upper quad-
rant (right hypochondrium), 2-3 cm below the margin of the
liver.55 Access to the abdominal cavity with no section of the
abdominal wall muscles (fibers diastasis). Opening of the peri-
toneum and access to the abdominal cavity. The liver is carefully
moved upward, the stomach is identified then grasped and pulled
with atraumatic forceps. Proceeding distally the pyloric olive is
identified and exteriorized by means of a ring forceps (atraumatic)
or manually with the help of moist gauzes. The traction is applied
from the ending region of the gastric antrum proceeding distally
with small, oscillating, accurate movements and without applying
a maximal force. With the pylorus between the index and thumb
of the left hand (right for left-handers), once identified its limits
with the stomach and the duodenum, a longitudinal incision
(along its major axis) is performed on the avascular antero-supe-
rior surface that, starting from the serosa, penetrates the superfi-
cial muscle thickness. The incision has to start at the level of the
junction between the pylorus and the duodenum in correspon-
dence with the right gastric vein (where, upon palpation, a feeling
of a gap is appreciated) and it has to proceed until the gastric side,
until the margin of the hypertrophic portion. Once the incision is
performed, it is deepened by blunt dissection with a smooth-tip
clamp. The maneuver, although delicate, allows the muscle fibers
to split with minimal pressures for the entire thickness in order to
favor the eversion and herniation (bulging) of the mucosa. Once
the mucosa is identified, in order to better dissect the pyloric mus-
cle fibers, the surgeon uses a special clamp called Ramstedt
clamp. In case this clamp is not available, the maneuver can be
performed with the smooth and rounded end of a scalpel handle,
or with a smooth Kelly clamp with the tip pointing upward.
Greater attention needs to be paid in the dissection near the duo-
denum. In absence of complications, once verified the efficacy of
the myotomy, the pylorus is reintroduced in the abdomen without
paying excessive attention to the possible exudate of the section
margin. The wound is closed in layers and the skin is sutured
intradermally.

Tan and Bianchi transumbilical approach
Over the last years, the transumbilical approach, described by

Bianchi and Tan in 1986,41 has gained increasingly more diffusion
thanks to the greater cosmetic result compared to the conventional
right transverse incision lateral to the rectus muscle.37,38

The technique requires the access to the pyloric region through
an incision along the superior margin of the umbilical scar that
allows to reach the abdominal cavity through the abdominal rectus
muscles. 

A supraumbilical or infraumbilical incision is made. The linea
alba is sectioned longitudinally or transversely and the peritoneum
is opened to access the abdominal cavity. 

The pyloromyotomy can be performed via extracavitary or
intracavitary technique:
i) The extracavitary technique consists of the exteriorization of

the pylorus from the abdominal cavity lightly pulling the stom-
ach with a Babcock/atraumatic clamp. An incision is per-
formed on the anterosuperior side of the pylorus, starting from
the junction between the pylorus and the duodenum approx. 2
mm proximally to the right gastric vein until the gastric
antrum. The incision has to extend from the serosa to the
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superficial muscle fibers, followed by blunt dissection until
obtaining the bulging of the mucosa with dissection of the
muscle fibers via Ramstedt clamp or smooth tool (as above). In
absence of complications, once verified the efficacy of the
myotomy, the pylorus is reintroduced in the abdomen without
paying excessive attention to the possible exudate of the sec-
tion margin. The wound is closed in layers and the skin is
sutured with 3-0 and 4-0 interrupted absorbable sutures.

ii) The intracavitary technique consists in grasping the pylorus
with a Babcock clamp and moving it toward the incision with-
out exteriorizing it from the abdominal cavity. Two sutures
might be positioned in the hypertrophic muscles to lift and
hold the pylorus in position. Then the pyloromyotomy is per-
formed between the two sutures as described above.26 Eltayeb
et al.56 reported statistically significant differences between the
intracavitary and extracavitary technique in the operating time
and in the average time of returning to oral feeding, at the same
time no differences were observed related to the thickness of
the pyloric muscle layer, to operative and postoperative com-
plications, length of hospital stays and cosmetic results.
Therefore, the intracavitary pyloromyotomy appeared safe and
efficacious and more appropriate for large hypertrophic pylori
without the need to widen the surgical wound.
The immediate complication that might occur is the perfora-

tion of the mucosa. In case the perforation is suspected, it is possi-
ble to rule it out by insufflating the stomach with air via the naso-
gastric tube and, at the same time, by moistening the pyloromyoto-
my with a minimal quantity of saline solution and verifying
whether gas bubbles leaks.

Even if the absence of bubbles suggests a low suspect of
mucosal compromise, this technique does not completely rule out
the possibility of perforation.54 In case leak of gas bubble is veri-
fied, the double layer closure of the incision is performed (possible
omental reinforcement) and a new myotomy is performed on the
posterior margin. Then the pylorus is reintroduced in the
abdomen.37,57,58

Laparoscopic Approach
The video-assisted laparoscopic pyloromyotomy, performed in

1990 in Limonge by Alain and Grosseau, was first described in
1991.59 From then to now, publications on the technique are found
in literature underlying the safety and feasibility of the technique,
the low rate of complications, the success of the technique and the
excellent cosmetic result.8,39

The procedure was the same as described and practiced in stan-
dard literature. The infant is given general anesthesia via endotra-
cheal intubation. A nasogastric tube is positioned to empty the
stomach. 

Patient position

The position of the patient on the operating table can be tradi-
tional or transverse (Figure 1). With the first, the patient is supine
with the First Surgeon at the end of the table, the monitor posi-
tioned at head end, the Assistant to the left or to the right according
to the needs.60

With the transverse position, the patient is supine, with an
across the table position, allowing a better organization of the
equipment and a better ergonomic position for the Surgeon and the
Anesthetist. The monitor is positioned to the right of the operative
table and the Surgeon is in front of it, with the Assistant to the left
or to the right according to the needs (Figure 2).

Surgical technique

The umbilical incision in performed and the first 5 mm trocar is
placed using an Open technique. A 4-5 mm 30-degree scope is intro-
duced for a better orientation inside the abdominal cavity and for the
visualization of the anterior surface of the pyloric olive. Induction of
the pneumoperitoneum with insufflation of carbon dioxide is started
at 0.1L/min, gradually increased to 1L/min with target pressure kept
between 4-6 mmHg to avoid possible hemodynamic and ventilatory
complications. It is recommended to pay particular attention to care-
fully clean the insufflation tube with CO2 before connecting it to the
trocar in order to eliminate the room air in the system.

Is advisable to put an absorbable 3-0 U-suture at the level of
the fascia or the skin at the umbilical level to hold the umbilical
trocar and to avoid change of position during the surgery. Two 3-
5 mm trocars are inserted under vision maintaining the triangula-
tion. The introduction of the trocar can be facilitated by the inci-
sion with a scalpel blade. During the introduction, it is recom-
mended that the operator compensates the push created by the
introduction of the trocar with a counter-pressure of the wall
(essential maneuver in neonates due to the fragility of the skin).
Position of the two trocars: on the right, in the right lower quad-
rant/right flank; on the left, in the epigastric area, approx. 1 cm
left of the midline (Figure 3). An atraumatic Babcock clamp is
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Figure 1. Transverse position for laparoscopic pyloromyotomy.

Figure 2. Operating-room set-up for laparoscopic pyloromyotomy.
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introduced in the trocar on the right flank, whereas the retractable
scalpel or the scissors are introduced through the left trocar. It is
often necessary to lift the inferior margin of the liver to visualize
the pyloric olive (it is possible to place a traction suture at the
level of the falciform ligament to expose the pyloric region). With
the forceps, the pylorus is grasped in the middle (avoiding to
clamp the duodenum, which is more delicate), it is slightly pulled
and mobilized to expose its avascular anterosuperior surface. The
scalpel blade is introduced through the left trocar and the incision
of the serosa is performed from the center towards the duodenum
(right gastric vein) until the origin of the gastric antrum. This inci-
sion can also be performed with scissors. The incision does not
have to reach the mucosa in depth. Once the incision is performed,
the scissors are pulled back and a spreader, known as pyloric
spreader or an atraumatic clamp is inserted and the muscle mar-
gins are separated from the center towards the duodenum and
towards the stomach until the herniation of the mucosa is obtained
(Figure 4). It was also reported the use of a monopolar laparo-
scopic electrocautery hook (at very low energy) to perform the
incision of the serosa and the muscle layers of the pylorus61 (high-
er risk of mucosal perforation). A perforation test might be per-
formed by dropping saline solution with a 3-5 mm laparoscopic
irrigation system and by insufflating the stomach with air via a
nasogastric tube inspecting for bubbles. Even though the absence
of bubbles suggests a low suspect of mucosal compromise, this
technique does not completely rule out a possible perforation.54

The pneumoperitoneum is evacuated and the trocar incision are
closed with 4-0 interrupted absorbable sutures. The skin might be
closed with absorbable sutures or with glue.62

A variation of the technique was described with the use of an
ophthalmic surgical knife on the left, introduced under vision with-
out the use of trocar. The size of the blade used is 2.8 mm with a
total length of 12 cm, guaranteeing the persistence of the pneu-
moperitoneum by closing the wound with a purse string suture.
With the use of this blade, the incision is performed and the
pyloromyotomy is completed by dissecting the muscle fibers with
a Benson pylori spreader introduced through the same incision
inside the purse string suture. At the end of the Ramstedt
pyloromyotomy the absence of mucosal lesions is verified, the
instruments are removed under vision, the pneumoperitoneum is
evacuated and the wounds are sutured.63

Postoperative management and outcome 

The intravenous fluid infusion is maintained until the patient
returns to feeding according to the basic necessities. In the over-
whelming majority of cases, the patient returns to oral feeding
from 4 to 6 hours after surgery, first with a glucose solution, then
with milk initially diluted (ratio of milk to water is 1:1), then
with milk only, increasing the quantity to reach full feeds within
24-36 hours. Even if there are different protocols that regulate
the volume increase and the feeds distribution in the reprisal of
oral feeding, some support the ad libitum feeding with excellent
results.64 The Table 1 shows a common protocol for oral feeding.
The majority of the patients tolerate full feeds 24-48 hours after
surgery and they might be discharged to home.65 Different

Table 1. Feeding protocol 4-6 hours after pyloromyotomy.

Substance                                                                  Quantity                               Time of interval                  Times of administration

Pedialyte or water with 10% glucose                                              30 ml                                                  Every 3 hours                                                      2
Half-strength formulaor complete breast milk                           30 ml                                                  Every 3 hours                                                      1
Full-strength formulaor breast milk                                               30 ml                                                  Every 3 hours                                                      1
Full-strength formulaor breast milk                                               60 ml                                                  Every 3 hours                                                      2
Full-strength formulaor breast milk                                               90 ml                                                  Every 3 hours                                                      2
Full-strength formulaor breast milk                                          Ad libitum                                             Every 3 hours

Figure 3. Trocar position for laparoscopic pyloromyotomy. Figure 4. Laparoscopic view of pyloromyotomy.
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researches compared the relation between the protocols for grad-
ual reprisal of feeding, gradual precocious reprisal of feeding
(before 4 hours) and ad libitum feeding, evaluating the relation
with the frequency of vomiting episodes and the length of hos-
pital stay. From a meta-analysis emerges that there are no corre-
lations between the ad libitum feeding and the frequency of
vomiting or the length of hospital stay. In fact, what emerges is
that the timing of the first feed after surgery, either precocious
(before 4 hours after surgery) or late (after 6 hours), does not
determine the outcome. However, it is possible to deduce that a
precocious reprisal of feeding is associated to a shorter hospital
stay.66 Nevertheless, an ad libitum feeding status post Open or
Laparoscopic pyloromyotomy, after the complete awakening
following anesthesia, appears safe and reduces the necessary
length of time to reach full feeds, reducing the length of hospital
stay and therefore the costs without determining an increase in
the rate of complications or readmission after the discharge from
the hospital. Furthermore, there are few works in literature that
analyze long-term follow-up status post pyloromyotomy. The
outcomes of the HPS status post pyloromyotomy were studied in
103 neonates by Muramori et al.24 Some standard ultrasono-
graphic measures were taken to evaluate the canal length, the
muscle thickness and the pylorus diameter for a period of 1 year
after the surgery. In contrast with the rapid improvement of
symptoms, the ultrasound findings showed that the pyloric canal
reached its normal length (~ 12,7 ± 2,8 mm) approximately 4
months after surgery, the muscle thickness reached a normal
interval (~ 2 mm) within 8 months, whereas the pylorus diame-
ter (~ 10-12 mm) did not normalized even 1 year after the
pyloromyotomy. Walker at al.67 analyzed the neurological
development of infants who underwent surgery due to HPS com-
paring it with a control group (healthy infants) at one year of
age, noticing how the cognitive and receptive language and the
motion score were significantly lower for the infants suffering
from HPS compared to the control group. Other authors reported
chronic abdominal pain most likely secondary to irritable bowel
syndrome, functional dyspepsia and functional abdominal pain
in infants who underwent HPS surgery during an average fol-
low-up period of 7 years compared to the control group of
healthy infants.68,69 These results raised concerns and discus-
sions on the potential impact of the HPS and its surgical treat-
ment. However, these are preliminary studies on the bases
of which it is not possible to reach an adequate scientific
conclusion. 

Other surgical techniques

Trocarless laparoscopic pyloromyotomy with
traditional instruments 

The technique is performed with the introduction of a 5-mm
trocar in the umbilical region, the pneumoperitoneum is induced
with insufflation starting from 0,1L/min and reaching 1L/min. The
pneumoperitoneum pressure is kept to 6 mmHg and can fluctuate
to a maximum of 8 mmHg, if needed. Two 3 mm instruments are
then introduced through the abdominal wall incisions, 1 at the level
of the right anterior axillary region above the umbilicus to grasp
the stomach, the other in the epigastric region, above the pylorus,
to incise the pylorus and separate the muscle fibers. The stomach
is pulled towards the left to visualize the pylorus. Before starting
each procedure, the hook insulation is verified. An incision is per-
formed along the thickened pylorus from the stomach to the duo-
denum by using a 3-mm hook with monopolar electrical current of

30 Watts. The incision is then deepened. In case the coagulating
electrical current is not adequate, it is possible to use the electrical
current hook in the low voltage cutting mode (30 Watts). The mus-
cle fibers are then separated with a 3 mm Maryland scissors until
it is possible to visualize the herniation of the mucosa. An adequate
pyloromyotomy is confirmed by the bulging of the mucosa and the
presence of two separated pyloric edges. The perforation of the
mucosa is ruled out by insufflating the stomach with air via the
nasogastric tube.70-73

Single-site pyloromyotomy

This technique consists of a video-assisted laparoscopic
pyloromyotomy using only a single laparoscopic port, with umbil-
ical access, wider than the norm, with a particular trocar through
which the 5-mm scope and two 3-mm instruments are inserted
through two fascial incisions at the level of the umbilical region.
The approach is transperitoneal and it repeats the same stages pre-
viously described. The advantages consist in the use of the umbil-
ical scar only, avoiding unaesthetic small scars caused by the use
of additional trocars. The duration of the surgery is reportedly
short. The technique was used more frequently in the last years and
it is defined as safe and efficacious. The disadvantages consist in
the need of using dedicated instruments produced for this specific
use only and by the fact that this technique requires a significant
practical experience but above all a greater difficulty in the organ
dissection (longer duration of surgery).74,75

Endoscopic Balloon Dilation

This technique was introduced in the treatment of HPS over
the last decades. It is considered a safe procedure in the treatment
of the idiopathic infantile hypertrophic pyloric stenosis and it is
recommended as a starting approach before performing the
pyloromyotomy.76,77 The recurrent pyloric stenosis is rare in
patients suffering from HPS after balloon dilation.76 However,
since the endoscopic dilation does not break the hypertrophic mus-
cular ring,78 it is preferably earmarked for patients with a signifi-
cant anesthesiological and surgical risk.79

Video-assisted needle incision of the serosa
and the muscle

This procedure consists of the video-assisted laparoscopic per-
cutaneous introduction of a 18 G cannula utilized for the incision
of the serosa and the superficial muscle layer (6 patients have been
treated with this technique between January 2012 and September
2015). Since the body part of the needle is protected by a holder,
this avoid the laceration of the mucosa and the incision is per-
formed with a set cutting depth.80

Endoscopic pyloromyotomy associated with
balloon dilation 

Few cases of association of this technique are described in par-
ticular for patient that cannot undergo surgery.81
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Single-port, laparoscopic-assisted pyloromyotomy

The access to the abdominal cavity is performed through a
right circumferential umbilical incision positioning a 12-mm tro-
car. After inducing the pneumoperitoneum, an operative optic is
introduced. Once the pylorus is located, it is easily localized and
then grasped and exteriorized through umbilical access. At this
point, conventional Ramstedt pyloromyotomy is performed. Once
the pylorus is reintroduced into the abdomen, a new pneumoperi-
toneum is created to check mucosal integrity and hemostasis.82

Complications

Controlled randomized studies, by comparing the open and
laparoscopic approach for the Fredet-Ramstedt pyloromyotomy,
demonstrated that there are no statistically significant differences
in terms of complication rate.9,43-45

The rate of operative or postoperative complications is low,
generally correlated to the incomplete experience of the operating
surgeon in the different phases of the learning curve.40,69

The most frequent complications are the perforation of the
mucosa and the incomplete pyloromyotomy. In both cases, the treat-
ment requires a second surgery performed by an “expert” surgeon
and it can be performed both with an open or laparoscopic approach.

The perforation of the mucosa mainly occurs after an excessive
dissection of the muscle fibers, in particular on the duodenal side of
the pylorus. In this case, the perforation is closed with an absorbable
suture covered with an omental patch. Later, a new pyloromyotomy
can be performed on the posterosuperior side of the pylorus. 

The incomplete pyloromyotomy is secondary to a short inci-

sion or a non-adequate partial separation of the muscle fibers on
the gastric side of the pylorus. In this case it is necessary to per-
form a new surgery to complete the pyloromyotomy.

Other more serious and very rare complications have already
been signaled as the carbon dioxide embolism during the laparo-
scopic pyloromyotomy.70-72

Conclusions

The introduction of ultrasound brought important changes in
the diagnosis of HPS. A prompt diagnosis, the stabilization and
correction of the dehydration and the electrolyte imbalance allow
the young patient to undergo the surgical correction at favorable
conditions and with better outcomes. From 1912 to now, the
Fredet-Ramstedt extramucosal pyloromyotomy represents the gold
standard.

The review of controlled randomized studies in literature that
compare the surgical procedure with Open and Laparoscopic
approach shows that both approaches are equally safe and repro-
ducible in expert hands. From a cosmetic point of view, there are
no real benefit between the transumbilical open approach and the
laparoscopic approach. The surgeon has to opt for the best
approach according to the personal experience, the own surgical
abilities and the resources of the institution where he/she works
(Figure 5). Moreover, a close supervision of an Expert Pediatric
Surgeon is compulsory and fundamental during the learning path
of the training medical doctors in order to reduce the risk of major
complications.

Further studies on new techniques such as the ones described
above are necessary to evaluate their real benefits, complications
and contraindications in this field.

Figure 5. HPS Flow Chart Management.
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