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Editorial on the Research Topic
Minimally invasive pediatric surgery: how to improve and overcome
limitations

The evolution of minimally invasive pediatric surgery is one of modern medicine’s most
exciting and progressive chapters. This practice, which originated in the development of
laparoscopic surgery in adults in the 1980s, has gained a prominent position in the care
of pediatric patients because of its many advantages over more invasive traditional
surgical approaches. Minimally invasive pediatric surgery began to take shape in the
1990s, with the adoption of laparoscopic techniques for simple surgeries such as
appendectomy and cholecystectomy. An important milestone was set in 1995 when van
der Zee performed the first laparoscopic CDH repair (1). Since then, it has seen a wide
expansion in techniques and applications, ranging from gastrointestinal to urological and
thoracic ~surgeries. After that, surgical techniques have undergone continuous
improvements, up to unimaginable goals, such as performing robotic-assisted surgical
procedures on patients under the age of one. Technological advances have played a
crucial role in the evolution of minimally invasive pediatric surgery (2). Miniaturization
of surgical instruments and improvements in imaging technologies have made operating
safe even in the smallest patients possible. Robotics and augmented reality systems are
now frequently integrated to improve the precision and effectiveness of surgery. Robot-
assisted surgery, in particular, has enabled a further decrease in incision size and an
increase in precision, thanks to robotic arms that eliminate the natural tremor of the
human hand and allow extremely controlled and delicate movements. The evolution of
techniques and knowledge has made it possible to overcome barriers, operating with
minimally invasive techniques on small patients with complex pathologies (3, 4). The
clinical results of pediatric minimally invasive surgery have been extraordinary. Several
studies have shown that children undergoing minimally invasive procedures experience
less postoperative pain, have lower risks of infection, and enjoy faster convalescence than
those treated with traditional techniques (5, 6). In addition, the reduced visual impact of
scars contributes positively to young patients’ psychological acceptance of surgical treatment.

The goal of this special issue was to collect publications that could best describe and
summarize not only the evolution of minimally invasive pediatric surgery but also set goals
for future developments.
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Robot-assisted surgery has made it easier for pediatric surgeons
to perform essential reconstructive-type procedures. One of the
most significant examples is ureterovesical junction surgery, in
which the robotic approach demonstrates its advantages. In their
work, He et al. described how the technique of modified Lich-
Gregoir direct nipple ureteral extravesical reimplantation can
help maintain the physiological direction of the ureter and at the
same time enhance the effectiveness of antireflux in robotic
surgery. In addition, design of a single-port-plus-one wound can
produce a cosmetic appearance by concentrating and hiding the
wound around the umbilicus. This modified reimplantation
procedure has the potential to become a promising technique in
the robot-assisted treatment of primary obstructive megaureter.

Robot-assisted surgery is also catching on in the field of
oncology surgery, in selected cases, showing the same good
results as in other areas. Liang et al. described a case of a 3-year-
old patient with a periampullary rhabdomyosarcoma who
underwent a robotic pylorus-preserving pancreatoduodenectomy.
With the assistance of a modern robotic system, they performed
an RO
pancreatojejunostomy,

resection and a reconstruction with end-to-end
end-to-side
fatal

pancreatic fistula or leak. The case reported demonstrates that

hepaticojejunostomy, and

duodenojejunostomy, without complications such as
also this kind of procedure in pediatric patients is safe and
effective without intra- or postoperative complications.

An important part of minimally invasive surgery remains the
domain of techniques such as laparoscopy and thoracoscopy. In
this special issue, we have collected interesting experiences from
this point of view. Laparoscopic herniorrhaphy in pediatric
patients has become a routine procedure, often performed in day
surgery. Zhang et al. reported a large series of 848 patients
undergoing

single-port  laparoscopic

described satisfactory results with no cases of conversion and 2

herniorrhaphy.  They

patients presenting with recurrence. They stated that this
intervention presents numerous benefits, including the utilization
of uncomplicated instruments, straightforward operation, a clear
curative impact, minimal tissue damage, rapid recovery, and the
absence of scarring. Another interesting example is that of Jung,
who reports the case of a newborn presented with a rare
combination of esophageal atresia with tracheoesophageal fistula
and duodenal atresia, which was successfully managed using
minimally invasive surgical techniques. The neonate underwent a
thoracoscopic ligation of the tracheoesophageal fistula (TEF) and
a laparoscopic duodeno-duodenostomy on the same day,
resulting in stabilized vital signs. Ten days after the initial
operation, a thoracoscopic esophago-esophagostomy  was
successfully performed. This report details a recent successful
experience with a two-stage operation conducted without
gastrostomy and utilizing minimally invasive surgical techniques.
This approach underscores the evolving potential for neonatal
treatment strategies in managing such complex cases.

Talking about minimally invasive surgery also means
addressing how to enable surgeons, starting with residents, to
acquire a progressive learning curve to make them autonomous
even in the most complex cases. In this sense, the development

of training programs involving faithful anatomical models
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becomes essential to ensure the development of the basic skills
needed to approach this type of procedure. In this special issue,
we have collected two original types of research dealing with
different aspects of the same topic. Zahradnikova et al. created a
3D printed model for thoracoscopic repair of esophageal atresia
with tracheoesophageal fistula and created a program in which
18 participants with different surgical experiences practiced. The
results emphasized that this type of model proved useful as a
training tool, partly because of its realism. The authors stated
that due to its reusability, and suitability for individual
participants, this model holds promise as a training tool for
thoracoscopic procedures among surgeons. Miyano et al,, on the
other hand, described a cadaver teaching program to evaluate
the usefulness of remote teaching. The results of their study
show, that although inferior to hands-on practice, remote
observation of minimally invasive procedures provides good
results and can be particularly useful for training programs in
resource-limited settings.

Lastly, when talking about pediatric minimally invasive
surgery, and addressing the topic of what its developments might
be, the focus on patients cannot be lost sight of. Pediatric
patients require different management and attention than adults,
and to neglect this is to disregard the overall health of patients.
From this point of view, one of the main aspects is the
management of the patient’s preoperative anxiety. Franconi et al,
designed a study, using a humanoid robot that would interact
with patients, accompanying them as they entered the operating
room. The purpose of this study was to determine whether the
use of a humanoid robot could reduce preoperative anxiety levels
in children. This work had the interesting result of showing that
a non-pharmacological intervention like a humanoid robot
reduces anxiety in children during the pre-operative time and
it might be an attractive solution to optimize perioperative care
in children.

In conclusion, we can say that the success of this Special Issue,
in addition to the important number of articles collected, also lies
in the fact that it has shown how minimally invasive surgery, even
in pediatric settings, is a field where important milestones have
been achieved, without ceasing to look toward future goals of
further development.
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Case report: Minimally invasive
removal of a dislodged
thoracoamniotic shunt with an
integral cystoscope in a preterm
infant

Lichao Zhu'*, Yanze Wang’, Honghao Song', Xiaoqing Wang’,
Mingang Zhang’ and Feng Guo'**

Department of Pediatric Surgery, Shandong Provincial Hospital, Shandong University, Jinan, China,
2Department of Pediatric Surgery, Shandong Provincial Hospital Affiliated to Shandong First Medical
University, Jinan, China

Introduction: Fetal pleural effusion is a rare condition that is associated with
significant mortality. Although the insertion of fetal thoracoamniotic shunts can
improve perinatal outcomes, there are several associated complications, such as
intrathoracic dislodgement of the shunts. The optimal neonatal treatment for
retained shunts remains uncertain.

Case Description: A male infant was born at 32 weeks of gestation. He had
antenatal hydrothorax that was detected at 27 weeks of gestation and was
managed by intrauterine thoracoamniotic shunting. However, the shunt catheter
dislodged into the fetal chest, which caused reaccumulated pleural effusion and
respiratory distress requiring ventilatory support after birth. After the patient's
condition stabilized, minimally invasive removal of the retained catheter was
performed on day 17 of life using an integral pediatric cystoscope via a 3-mm
thoracic incision. The procedure took approximately 5 min. The postoperative
course was uneventful, and the patient, who was discharged 39 days postnatally,
is thriving at the 6-month follow-up.

Conclusions: We present a novel and effective approach to the management of an
intrathoracic shunt using an integral cystoscope. This approach may offer a
valuable alternative to traditional thoracoscopy in the neonatal period.

KEYWORDS

fetal pleural effusion, thoracoamniotic shunt dislodgement, cystoscope, thoracoscopy,
case report

1. Introduction

Fetal pleural effusion is a rare condition that occurs in 1 in 10,000-15,000 pregnancies.
Massive pleural effusions can cause significant compression of the lungs and heart, leading to
hemodynamic instability and nonimmune fetal hydrops, a potentially fatal condition if left
untreated (1). Prenatal treatment typically involves the placement of fetal thoracoamniotic
shunt(s) (TAS) that can significantly improve perinatal outcomes and survival rates in
cases of large fetal pleural effusions (2-6). However, shunt dislodgement occurs in 5.4%-
20% of cases (3, 6-9). Some previous studies suggested early elective removal of the
shunt, primarily due to concerns regarding the risk of infection. In most cases, these
shunts are extracted via thoracoscopy or a small skin incision (8, 10-12). Here, we detail
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our experience of removing a dislodged TAS from the chest using
an “all in one” pediatric cystoscope via a 3-mm thoracic incision
within 5 min.

2. Case description

A 31-year-old woman, gravida 5 para 3, was referred at 28 weeks
of gestation after the detection of fetal pleural effusion during this
pregnancy at 27 weeks. An ultrasound examination revealed left
fetal pleural effusion with mediastinal shift to the right.
Amniocentesis and ultrasound-guided intrauterine thoracocentesis
were performed. However, the pleural effusion reaccumulated the
following day. Under local anesthesia and ultrasound guidance, a
TAS, which is a double-pigtail catheter, was placed without
complications at 30 weeks of gestation (Figure 1). The ultrasound
scan 24 h after the procedure showed resolution of both the pleural
effusion and mediastinal shift. However, at 31" weeks, pleural
effusion reaccumulated once again and this time, the whole TAS
was clearly detected within the fetal chest but the intra-amniotic
segment was invisible, indicating intrathoracic migration (Figure 2A).

At 32 weeks of gestation, a male infant weighing 2,300 g was
delivered vaginally following spontaneous onset of labor. The
infant’s respiratory condition was unstable, and chest x-ray
revealed massive left pleural effusion with dislodgement of the
thoracoamniotic shunt (Figure 2B). The preterm infant was

10.3389/fped.2023.1217667

intubated, and mechanical ventilation was started. Under
ultrasound guidance, a 6 Fr pigtail chest tube was inserted into
the left pleural cavity and initially drained 90 ml of pleural fluid.
After evaluating the patient’s condition and the position of the
shunt, which had migrated to the left upper thorax (Figure 2C),
minimally invasive removal of the retained double-pigtail catheter
was scheduled on day 17 postnatally. The patient was placed in the
right lateral decubitus position, and general anesthesia was induced.
A monitor was placed over the patient’s head. Instead of traditional
thoracoscopy that typically requires optic and operating ports, we
opted for an integral cystoscope (circumference 7.9 Fr, Compact
Peadiatric Cystoscope, Olympus) with a united telescope and 4.2 Fr
working channel to minimize the incision and reduce injury to the
chest wall A 3-mm incision was made overlying the fifth
intercostal space in the mid-axillary line, and the cystoscope was
inserted directly into the pleural cavity without trocar insertion
(Figure 3A). Carbon dioxide insufflation of 4 mmHg was achieved
through one irrigation channel of the cystoscope to improve
visibility. However, massive pleural effusion and fibrous adhesions
hampered identification of the TAS. We then gently performed
blunt adhesiolysis using the rigid cystoscope as a thoracoscopic
instrument and aspirated pleural effusion through another
irrigation channel of the cystoscope. After careful inspection of the
thoracic cavity, we located the shunt catheter behind the left upper
lobe and extracted it using an endoscopic grasping forceps inserted
through the 4.2 Fr working channel of the cystoscope (Figure 3B).

FIGURE 1

The fetal thoracoamniotic shunt is a double pigtail catheter (scale: centimeters).
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FIGURE 2

Prenatal ultrasound screening and postnatal chest radiography. (A) The ultrasound examination identified reaccumulated pleural effusion and clearly
visualized the entire double-pigtail shunt (red arrows) located within the fetal chest, while the intra-amniotic segment remained invisible. (B) The
chest x-ray displayed a massive left pleural effusion with dislodgement of the thoracoamniotic shunt. (C) The chest x-ray showed that the dislodged

shunt had migrated to the left upper thorax.

The cystoscope was then removed, and a 10 Fr chest drainage tube
was placed at the same incision. The operative time from insertion
to removal of the

cystoscope was  approximately 5 min

(Supplementary Video S1). The postoperative course was
uneventful. The ultrasound scan confirmed no re-accumulation of
the left pleural effusion, and the chest drains were removed on
postoperative day 12. The patient, who was discharged 39 days

postnatally, is thriving at the 6-month follow-up.

3. Discussion

Although the insertion of fetal TAS has been shown to improve
fetal outcomes, there are several associated complications,

including preterm birth, fetal constriction bands of the limbs, rib
fractures, traumatic hemothorax, and shunt obstruction (3, 6, 9,
13, 14). Shunt dislodgement into the amniotic fluid, maternal
peritoneal cavity, or fetal chest has also been reported in up to
20% of cases (3, 6-9). The mechanisms of shunt migration are
not fully understood, but may include chest wall growth,
respiratory movement, resolution of skin edema as hydrops
improves, and technical difficulties encountered with hydropic
fetuses or shunt insertion by less experienced operators (7, 15).
The management of shunts that have migrated into the thoracic
cavity presents a dilemma, and the optimal neonatal treatment
remains uncertain. Some studies have advocated for a conservative
approach to the management of intrathoracic fetal chest shunts
without surgical removal, as their follow-up did not reveal

FIGURE 3

Operative images. (A) The cystoscope, which has a 4.2 Fr straight channel (red arrow) and two irrigation channels (yellow arrowhead), was inserted into
the pleural cavity via a 3-mm incision without trocar insertion. (B) An endoscopic grasping forceps was inserted through the 4.2 Fr channel and grasped
the shunt.
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significant complications (9, 15). However, others have recommended
early elective removal to minimize the risks of infection, the shunt’s
proximity to mediastinal structures, and fibrous change that may
complicate shunt removal (8, 10-12). There was a case reported by
Blanch et al. where an abnormal position of a retained TAS led to
strangulation of the pulmonary hilum, resulting in neonatal death
(16). Therefore, we should be vigilant of the catastrophic
consequences of dislodged shunts and recognize the need for early
surgical intervention, especially when a retained shunt is located in
the mediastinum near the lung hilum (12).

Regarding the ideal timing of intervention for intrathoracic
dislodged shunts, most authors suggest removing them sooner
rather than later, once the patient’s condition has stabilized (8,
10-12). A similar strategy was applied in our patient, in which the
operation was performed on day 17 of life for initial stabilization.
Compared with thoracotomy, thoracoscopic removal of retained
TAS has several benefits,
visualization of the thoracic cavity, less wound pain, fewer major

such as smaller incisions, clearer
wound complications, and faster recovery (11, 12). However,
two

measured 3-5mm in length, for a camera port and a working

traditional thoracoscopy necessitates at least incisions,
port. Muta et al. reported their experience of removing TAS
catheters with a 2.7-mm scope inserted into a 5-mm trocar to
observe the thoracic cavity (10). Once the catheter was identified, a
3-mm forceps was inserted into the 5-mm trocar from the side of
the scope to grasp the catheter. They believed that thoracoscopic
removal with intraoperative radiography can help reduce their
operation time, which averages 35.25 + 30.49 min. Macchini et al.
reported two newborns with intrathoracic dislodgement of TAS,
where they inserted two 3-mm trocars and performed
thoracoscopic removal of the shunts, with an operation time of 30
and 35 min, respectively (12). In our case, we confirmed the
position of the dislodged TAS through preoperative x-ray.
Intraoperative radiography is not necessary to perform routinely, as
it may not provide more valuable information about the shunt
location. We then chose an integral cystoscope, a one-piece
instrument with a combined telescope, sheath, and working
channels. The Olympus compact paediatric cystoscope (Product
Number: A37026A), equipped with a 7-degree direction of view, a
42 Fr straight channel, and two irrigation channels, was the
preferred choice. Its small outer diameter of 7.9 Fr makes one 3-
mm incision adequate. Two irrigation channels can serve for
carbon dioxide insufflation and pleural effusion suction. To locate
the shunt, a rigid outer tube of the cystoscope can serve as a
thoracoscopic instrument to lyse adhesions by the blunt technique
under close monitoring. Once the shunt is identified, the 4.2 Fr
straight channel of the cystoscope allows for the passage of an
endoscopic forceps to grasp the catheter. An integral cystoscope is
thus deemed valuable for removal of dislodged TAS. Additionally,
pediatric rigid bronchoscopes, with diameters of 3-7 mm and
lengths of 20-50 cm (17), may serve as a viable alternative for
removing the dislodged TAS. However, at our institution,
bronchoscopy is typically performed by pulmonologists and we do
not have bronchoscopes readily available in the operating room.
Therefore, we opted to use a cystoscope instead of a bronchoscope

to remove the dislodged TAS.
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As previously reported, severe intrathoracic adhesions can
make it challenging to locate dislodged TAS in certain cases (10).
Although we did not encounter this situation, the use of
fluoroscopic radiography during surgery to detect the position of
the TAS catheter could be beneficial, as described by Muta et al.
These suggest that with
fluoroscopic radiography can help to reduce the operation time
and wound length (10).

authors thoracoscopic  removal

4. Conclusions

We present a novel approach to management of intrathoracic
TAS with an integral cystoscope in the neonatal period. This
procedure is safe, effective, and minimally invasive, and has the
potential to improve clinical outcomes and reduce mortality. This
integral cystoscope may offer a valuable alternative to traditional
thoracoscope for patients with dislodged TAS.
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Case report: Pediatric floating
elbow fracture with
monteggia-equivalent lesion,
ipsilateral humeral shaft fracture,
and radial nerve injury: a unigque
case and favorable treatment
outcomes

Li Ju', Mengqiu Xu® and Gang Lin**

Department of Pediatric Orthopedics, Children’s Hospital of Nanjing Medical University, Nanjing, China,
2Nanjing Medical University, Nanjing, China

This case report presents a rare and intricate pediatric floating elbow fracture
involving a Monteggia-equivalent fracture, ipsilateral humeral shaft fracture, and
radial nerve injury. The unique mechanism of injury highlights the importance of
increased awareness and parental education for accident prevention. Elastic
intramedullary nailing was employed for both humeral shaft and forearm
fractures, leading to favorable outcomes. Despite the severity of the fractures
and radial nerve injury, the prognosis was positive, with nerve function
restoration and satisfactory functional recovery. However, the development of
avascular necrosis of the radial head remains a challenge, emphasizing the need
for further research to better understand and manage these uncommon and
complex injuries.

KEYWORDS

pediatric floating elbow, monteggia-Equivalent lesion, radial nerve injury, avascular
necrosis of the radial head, elastic intramedullary nailing

Introduction

Floating elbow fractures in the pediatric population constitute a scarce injury
encompassing a simultaneous humeral fracture and ipsilateral forearm fracture.
Predominantly, research targets supracondylar humeral fractures in conjunction with
forearm fractures (1). Pediatric humeral shaft fractures represent a mere 1%-3% of
all fractures in children and less than 10% of all humeral fractures within this
demographic (2). Monteggia fractures, severe elbow joint fractures in pediatric patients,
pose considerable management challenges and are frequently accompanied by
complications. Jose Luis Bado’s 1962 classification system continues to be extensively
utilized for Monteggia fracture categorization (3). Nonetheless, numerous complex
fractures evade classification within this system, and are subsequently designated as
Monteggia-equivalent fractures. The heterogeneous nature of these fractures renders
treatment arduous, and a unified classification method remains elusive.

In this case report, we describe a unique floating elbow fracture in a child, involving an
exceptionally complex injury with a concomitant Monteggia-equivalent fracture, ipsilateral

humeral shaft fracture, and radial nerve injury. To our knowledge, this is the first
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reported case of such a complex injury, with no existing literature
the
management led to favorable outcomes, offering valuable insights

on its management. Despite challenges, appropriate

into managing this rare and complex condition.

Case report

We present the case of a 2-year and 11-month-old boy who
sustained high-energy injuries from a unique traffic accident.
Physical examination revealed no open wounds but significant
upper limb swelling. Vascular and neurological examination
showed normal radial artery pulsation and symptoms of radial
nerve injury, characterized by limited thumb extension. x-ray
images revealed a right humeral shaft fracture, right ulnar and
radial shaft fractures, and a lateral dislocation of the radius
(Bado Type
identified a radial neck fracture. Computed tomography (CT)

IV Monteggia fracture). Closer examination
scans confirmed four fractures in the right upper limb (Figure 1).

The patient was admitted to the Surgical Intensive Care Unit
(SICU) following the injury. After ensuring the patient regained
consciousness and receiving confirmation from the neurosurgical
team that his condition was stable, surgery was performed under
general anesthesia on the third day. Humeral shaft and ulnar and
radial shaft fractures were fixed with closed reduction and elastic
intramedullary nailing. Reduction of the radial head fracture
(Monteggia-equivalent lesion) proved challenging. The Kocher
approach was employed to expose and successfully reduce the
radial head. An elastic intramedullary nail used to fix the radial
shaft also supported the radial head. Notably, nerve exploration
was not conducted during surgery. The patient was immobilized
with a plaster sling and monitored for complications, such as
compartment syndrome.

10.3389/fped.2023.1219518

At the four-week postoperative follow-up, the plaster sling was
removed, and functional exercises began. Radial nerve function was
restored two months after surgery. Six months later, internal
fixation was removed (Figure 2). Follow-up evaluations 1.5 years
post-surgery revealed largely restored upper limb function, with
normal flexion and extension movements but some limitation in
rotation (Figure 3).

Discussion

Stanitski and Micheli introduced the term “floating elbow” to
describe a forearm and humerus fracture in the same limb (4).
Pediatric humeral shaft fracture incidence rates range from 12 to
30 cases per 100,000 individuals, accounting for approximately
20% of all humeral fractures in children (2). Monteggia fracture
equivalent incidence rates remain undetermined due to subtype
variety and overall rarity. Our case report presents a rare
Monteggia equivalent lesion (PMEL) involving a double forearm
which
misdiagnosis as a radial head dislocation on x-rays. PMEL is

fracture and a radial neck fracture, is prone to
often overlooked and mismanaged due to its unclear definition
and diverse presentation. Xu et al. suggest defining PMEL as an
ulnar fracture at any level combined with a proximal radial
fracture (5). They classify PMEL into three groups based on the
radiocapitellar joint status: stable, unstable, and dislocated.
However, our case does not fit into any of these groups due to
the unusual forearm bone fracture pattern. The combination of
humeral shaft fractures and Monteggia fracture equivalents in the
same limb presents a unique challenge to clinicians, emphasizing
the need for further research to better understand the clinical
presentation, treatment, and long-term outcomes of these

complex injuries.

FIGURE 1

x-ray (A) and CT (B) images of the injured child at the time of injury; the black triangle represents the unossified radial head
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FIGURE 2
x-ray images of the child one day after surgery (A,B); x-ray images of the child after one year, following the removal of the internal fixation, showing
avascular necrosis of the radial head (C,D)

The mechanism of injury in this case is unusual, as it did
not involve a fall from a height, a sports-related injury, or a
typical traffic accident. The incident occurred when the child
accidentally activated an unlocked electric scooter by twisting the
handlebar without adult supervision, causing sudden acceleration.
This resulted in the child being carried along for several meters,
ultimately leading to severe fractures. Our case is similar to a
report wherein a child sustained a comparably severe floating
elbow fracture after inserting his hand into a washing
machine (6). Based on our radiographic findings, the primary
cause of such severe fractures was a forceful twisting motion,
which could lead to multiple upper limb fractures, nerve damage,
in the soft

Fortunately, our case did not involve severe soft tissue injuries,

and even potential avulsion injuries tissue.
and the patient had a good postoperative recovery. This incident
emphasizes the imperative to augment awareness regarding such
safety hazards and necessitates the reinforcement of parental
education strategies to mitigate the prevalence of analogous
accidents.

Metaizeau’s introduction of elastic intramedullary nailing in

the 1980s made it one of the standard methods for treating

Frontiers in Pediatrics

pediatric long bone fractures (7). The flexible intramedullary
nailing (FIN) system is commonly used to treat humeral shaft
fractures, stabilizing the fracture by applying a three-point
balanced force within the medullary cavity (2, 8). Similarly, the
elastic intramedullary nail has been widely recognized for
treating forearm fractures due to its advantages, including
minimal trauma, simple operation, preservation of blood supply,
fewer complications, and faster recovery (2, 9). Our case
presented a significant challenge, as the patient had two fractures
in the radius. We performed a closed reduction of the midshaft
radius fracture during surgery, but the proximal radius fracture
was a Monteggia equivalent lesion and was displaced, with the
distal fragment inserted into the muscle. Therefore, an open
reduction was required. Fixation after reduction was also
challenging. While some authors have used Kirschner wires,
screws, or plates for fixation (10), we opted to use a single
intramedullary nail to fix both the midshaft radius fracture and
the radial head fracture, considering the age of our patient who
was under 3 years old. This approach minimized disruption to
the blood supply of the radial head and avoided damaging the
growth plate of the radial head and potential needle tract infections.
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FIGURE 3

Functional images of the child 1.5 years after surgery, showing normal flexion and extension of the elbow joint (A,B), but limited rotation (C,D).

Radial nerve injury is the most common nerve injury associated
with humeral shaft fractures, with an incidence rate of 7% to 17%
in adults (11). However, the incidence rate is significantly lower in
children and has a better prognosis. In our case, radial nerve injury
was also present, but the main manifestation was damage to the
posterior interosseous nerve (PIN), evidenced by restricted
extension of the thumb and no wrist drop. Literature reports
suggest that the incidence of PIN injury in Monteggia fractures is
3.1% to 31.4%, making it the most common complication of this
type of fracture (12). A retrospective study of a series of pediatric
Monteggia fracture cases recommended waiting for six months
after the radial nerve injury before intervention (13). Most
research series report that nerve injuries after floating elbow

Frontiers in Pediatrics

injury are resolved (14). In our case, despite severe injury to the
posterior interosseous nerve (PIN), we did not perform any
special management for the radial nerve injury. As is common
with most supracondylar fractures with associated nerve injuries,
we did not employ surgical exploration or electrostimulation,
especially considering the presence of implants (metal) in the
area. Fortunately, the child’s radial nerve function showed signs
of recovery approximately two months after the surgery. This
with  the
Baghdadi’s systematic review. It is worth noting that the recovery

favorable outcome aligns findings reported in
of nerve function in pediatric cases can vary, and in our case, the
restoration of radial nerve function occurred at around three

months post-operation.
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During the 1.5-year follow-up after surgery, our case
developed avascular necrosis of the radial head. D’Souza et al.
reported a higher incidence of radial head avascular necrosis
than previously thought, with a frequency of 10% to 20% in
their patients, of which approximately 70% underwent open
reduction surgery before the onset of avascular necrosis (15). In
patients who underwent open reduction, the overall incidence
rate of radial head avascular necrosis was 25%. Jones and Esah,
as well as Newman, found that patients with radial head
avascular necrosis had poorer functional recovery (16, 17). Our
case was consistent with these findings, where the child
underwent open reduction surgery for the radial head and had
normal flexion-extension function but significant limitation in
rotation function 1.5 years after the operation. Despite the
presence of three fractures in the child’s forearm, favorable
healing was observed post-surgery. Consequently, it is posited
that the restricted rotational functionality of the child’s forearm
is primarily attributable to the avascular necrosis of the radial
head. Nevertheless, given the patient’s young age, long-term
is warranted to ascertain for

monitoring the potential

revascularization.

Conclusion

This case report highlights a unique and complex floating

elbow fracture featuring a Monteggia-equivalent fracture,
ipsilateral humeral shaft fracture, and associated radial nerve
injury. The case emphasizes diagnostic and management
challenges, calling for further research to better understand
injury mechanisms, clinical presentations, treatments, and long-
term outcomes. Our findings indicate that elastic intramedullary
nailing for both humeral shaft and forearm fractures may lead to
satisfactory results. Additionally, despite severe fractures, the
prognosis for accompanying nerve injuries is generally positive,
with immediate surgical intervention potentially unnecessary.
However, addressing avascular necrosis of the radial head

remains a significant challenge, especially in pediatric patients,
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Case report: Laparoscopic
nissen-sleeve gastrectomy in a
young adult with incidental
finding of Morgagni-Larrey hernia
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Laparoscopic sleeve Gastrectomy (LSG) is the most performed bariatric procedure
worldwide but it is associated with an increased incidence of de-novo or recurrent
GERD. Recently a new technique consisting in LSG with associated fundoplication
has been described. Morgagni-Larrey hernia is very rare and there is a lack of
evidences on its correct surgical treatment. There are only rare cases of a MLH
incidental diagnosis in patients submitted to bariatric surgery. We present our
experience of Morgagni-Larrey Hernia (MLH) incidentally found intraoperatively
in a patient with Gastroesophageal Reflux Disease (GERD) with Hiatal Hernia
(HH) undergoing a bariatric surgical procedure.

KEYWORDS

obesity, diaphragmatic hernia, Morgagni-Larrey hernia, hiatal hernia, sleeve gastrectomy

Introduction

Laparoscopic sleeve Gastrectomy (LSG) is the most performed bariatric procedure
worldwide (1). It is known that LSG is associated with an increased incidence of de-novo
or recurrent GERD (2) and Barrett’s Esophagus (BE) (3). Roux-en-Y Gastric Bypass
(RYGB) is considered the first choice in patients affected by GERD and Hiatal Hernia.
Several studies investigated the effectiveness of LSG with associated HH repair (HHR),
although the long-term results are contradictory and HH and GERD symptoms
recurrence have been described (4, 5).

Recently a new technique consisting in LSG with associated fundoplication has been
described (6). To the best of our knowledge, there are only few anecdotal cases of
intraoperative finding and concomitant repair of a Morgagni-Larrey diaphragmatic hernia
during a bariatric procedure (7, 8).

Case description

In our experience, a 18-year-old male patient with grade III obesity (BMI = 40.76 Kg/m?)
and GERD symptoms was referred to our center to receive bariatric surgery. The patient
previously placed an intragastric balloon with an initial weight loss of 30 kg, however by
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two years more than 80% of lost weight was regained. The
preoperative upper gastrointestinal endoscopy (UGIE) showed a
three centimeters grade 4 HH according to Hill Classification.
HH was confirmed on X-ray esophagus and no other defects
were preoperatively diagnosed. The patient presented typical
GERD symptoms that severely impacted his quality of life. We
decided to perform a LSG with associated Nissen fundoplication
and HHR.

During surgery a defect in the anterior, parasternal portion of
the diaphragm was immediately recognized (Figure 1). The
diaphragmatic hernia sac appeared free of content and the choice
was to perform the planned bariatric procedure without repairing
the defect (Figure 2). No perioperative complications were
recorded and the patient was discharged 2 days later. At the

10.3389/fsurg.2023.1227567

6 months follow up visit, the BMI was 31.14 kg/m2 with a TWL
of 23.6%. the patient didn’t report GERD
symptoms, dyspepsia, dyspnea and abdominal or chest pain.

Furthermore,

Discussion

Morgagni-Larrey hernia (MLH) represents the most common
congenital defect in the anterior, parasternal portion of the
diaphragm. This hernia is very rare with a reported incidence
ranging from 3% to 5% of all diaphragmatic hernias and it is
most frequently diagnosed in infants and children. However, the
hernia can remain undiagnosed until adulthood, due to a vague
clinical presentation (9). The patients’ symptoms are generally

FIGURE 1
Intraoperative finding of a Morgagni-Larrey hernia.

FIGURE 2

Nissen fundoplication with associated HHR. (A) Posterior cruroplasty by running barbed suture technique; (B) 360° antireflux valve.
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unspecific and range from dyspnea to abdominal or chest pain and
constipation. However, these are mostly dependent on hernia sac
content with small or large intestine, as well as on the hernia
size with compressive symptoms such as dyspnea, fatigue or
exercise intolerance.

The exact prevalence of MLH in adult patients remains unclear
and the knowledge about diagnostic methods, imaging techniques
and treatment modalities is only based on single surgeon’s
experiences and anecdotal reports. In our clinical practice, over
the last thirty years, only one case of pre-operative finding of
Morgagni-Larrey hernia was found in a lean patient with
symptoms (10) which
underwent hernia reduction and direct suture repair. No other

epigastric pain and subocclusive
similar cases have been observed in our bariatric experience.
Although several studies report the successful repair of MLH in
infants. According to a recent review with meta-analysis the
recurrence and complication rates are comparable between mini
invasive approaches and open repairs in patients with mean age
of 17-months. Anyway the use of patch appeared to confer
additional benefit in reducing recurrence (11). Recently has been
also described the laparoscopy-assisted transabdominal repair of
MLH using loop suture, with successful results. Leaving the
hernia sac apparently does not increase the recurrence rate (12).
The indication and operative strategies of Morgagni-Larrey
hernia in adults remain controversial. In a large retrospective
single-center study on adult patients with MLH, surgery was
performed safely with mesh reinforcement after primary closure (13).
The possible described surgical treatment options of an extra-

hiatal diaphragmatic hernia were:

- primary suture
- primary suture with mesh reinforcement
- mesh interposition without primary closure

In conclusion the evidences about the diagnostic pathway and
surgical options in adult patients are very low, especially when
The
symptoms are generally unspecific and could be overlapping to

incidentally ~discovered during a bariatric procedure.

other clinical conditions, especially in case of a concomitant
hiatal hernia in an obese patient.

Although MLH could be safely repaired with a laparoscopic
access taking into account the surgeon experience and patient’s
symptoms, in our case the extra-hiatal hernia was incidentally
diagnosed. The evidence of an empty sac, the lack of specific
symptoms associated with the MLH, and the absence of a
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Minimally invasive management of
combined esophageal atresia with
tracheoesophageal fistula and
duodenal atresia: a
comprehensive case report

Eunyoung Jung”

Division of Pediatric Surgery, Department of Surgery, Keimyung University School of Medicine,
Dongsan Medical Center, Daegu, Republic of Korea

A newborn presented with a rare combination of esophageal atresia with
tracheoesophageal fistula (EA/TEF) and duodenal atresia (DA), which was
successfully managed using minimally invasive surgical techniques. The patient
was a 1-day-old male for whom passing a feeding tube was infeasible and who
had a double bubble sign on radiography. The neonate underwent a
thoracoscopic ligation of the tracheoesophageal fistula (TEF) and a laparoscopic
duodeno-duodenostomy on the same day, resulting in stabilized vital signs. Ten
days after the initial operation, a thoracoscopic esophago-esophagostomy was
successfully performed. The patient demonstrated full feeding capability and
normal weight gain after the surgeries. The co-occurrence of EA/TEF and DA is
a rare and complex anomaly. This case indicates that minimally invasive
techniques can effectively manage this condition.

KEYWORDS

esophageal atresia, tracheoesophageal fistula, duodenal atresia,

thoracoscopy, minimally invasive surgical procedures

laparoscopy,

1. Introduction

Esophageal atresia (EA) and duodenal atresia (DA) are rare congenital anomalies that
occur independently. Their simultaneous manifestation is even rarer, accounting for
approximately 2% of cases (1, 2). This dual anomaly presents unique challenges,
instigating debates over surgical strategy, including the potential requirement for routine
gastrostomy (3-6). The existing literature has mainly focused on cases managed with
traditional open surgical techniques (6-9). However, this report aims to contribute a
novel perspective, detailing a case of a newborn treated successfully for EA,
tracheoesophageal fistula (TEF), and DA via staged, minimally invasive procedures with
percutaneous gastrostomy. This manuscript was prepared following the CARE guidelines
(https://www.care-statement.org).

2. Case description

A 1-day-old male neonate was referred to the department after a failed attempt to pass a
feeding tube shortly after birth. He was born via a planned cesarean section at a gestational

Abbreviations

DA, duodenal atresia; EA, esophageal atresia; TEF, tracheoesophageal fistula.
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age of 36 weeks and 3 days; the baby had a birth weight of 2,260 g.
Polyhydramnios was diagnosed during the mother’s pregnancy;
however, the prenatal ultrasonography did not indicate the
double bubble sign. The neonate’s APGAR scores were 8 and 9
at 1 and 5min, respectively. Immediate postnatal chest and
abdominal radiographs revealed a coiled feeding tube in the
esophageal pouch and a double bubble sign (Figure 1). These
findings highly suggested the diagnoses of EA/TEF and DA.
Although the newborn exhibited stable vital signs at birth,
notable abdominal distension was observed without distal small-
or large-bowel gas. With the onset of worsening abdominal
distension and tachypnea, the team decided to operate on the
day of birth. Before general anesthesia, gastric decompression
was performed via percutaneous puncture with an 18G
angiocatheter (Figure 2) in the operating room. With the patient
supine, the distended stomach can be readily identified via
visualization and percussion. This allows for the straightforward
advancement of the catheter by percutaneous puncture without
the need for imaging guidance. The catheter was kept in place

FIGURE 1
Chest and abdominal radiographs obtained post-orogastric tube
insertion demonstrated a coiled orogastric tube (indicated by the
yellow arrow) and the double bubble sign (indicated by the orange
arrow).
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FIGURE 2

Before general anesthesia, a percutaneous 18G angiocatheter was
placed in the stomach without imaging guidance, serving as a
temporary gastrostomy.

until the completion of the thoracoscopic TEF ligation.
Considering the preoperative echocardiography confirming the
aortic arch’s location on the left side, the surgical approach was
from the right side, with the infant placed in a semi-prone
position. The initial procedure involved thoracoscopic ligation of
the TEF (Figure 3) using the conventional three-trocar
technique. The operative time for thoracoscopic TEF ligation was
20 min. Following the TEF ligation, the infant’s position was
adjusted to supine for the succeeding procedure. A 5-mm
umbilical port and two additional ports were inserted in the
right and left abdomen. The angiocatheter for temporary
gastrostomy was removed under the guidance of a laparoscope
after decompression of the stomach and duodenum to facilitate
good surgical view in laparoscopic DA repair. A laparoscopic
duodeno-duodenostomy was conducted to manage type III DA.
The time for the laparoscopic DA repair was 90 min. The patient
demonstrated a preoperative venous CO, level of 48.4 mmHg.
The level was reduced to 39.0 mmHg immediately during the
postoperative phase. During the intraoperative phase, the end-
tidal carbon dioxide (ETco,) level was consistently regulated at a
mean of 32 mmHg (range: 30-36) during the thoracoscopic TEF
Additionally, throughout  the
duodenostomy, the ETco, level was sustained at an average of

ligation. laparoscopic
39 mmHg (range: 29-47). Postoperative vital signs, including
respiration and arterial saturation, were stable. On postoperative
day 10, with the patient’s weight improved to 2,440g, a
thoracoscopic esophago-esophagostomy was performed via the
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FIGURE 3

A singular 5-mm metal clip was used to close the tracheoesophageal fistula (TEF).

previous trocar sites on the chest. The operative time was 140 min.
Esophagography on postoperative day 5 showed no evidence of
leakage or stricture. Consequently, feeding was initiated, and the
patient was discharged on postoperative day 12, displaying full
feeding capability. The patient’s weight was 2.54 kg at discharge.
At one month of life, he was 3.6kg with full feeding. At 4
months, he was 7.3 kg that was normal growth with 60th
percentile and without signs of esophageal stricture or reflux.

3. Discussion

The concurrent presentation of EA/TEF and DA is a
challenging medical condition due to its infrequent occurrence.
While the prenatal detection rates of EA and DA individually are
over 70% (10, 11), their
Therefore, swift and precise diagnosis is crucial when both

simultaneous detection is rare.
anomalies are identified postnatally, as seen in this case.
Nevertheless, the rarity of these co-existing malformations means
that

strategies are limited, with most available information derived

comprehensive studies addressing optimal treatment
from case reports or series (3, 4). The primary surgical
considerations include the necessity for gastrostomy (4) and the
timing for addressing both anomalies - either through single- or
multistage surgical procedures (3, 8).

Single-stage surgery might seem ideal; however, no definitive
evidence suggests superior survival outcomes compared to
multistage surgery. Conversely, hasty surgical interventions
without carefully considering the neonate’s overall condition
could lead to decreased survival rates (3, 5). Table 1 summarizes

previously reported cases of combined EA with TEF and DA.

Frontiers in Pediatrics

The surgical management options and survivals are variable, and
all the reported cases were performed using open thoracotomy
and laparotomy. Ideally, performing surgeries for EA with TEF
and DA concurrently without the need for a gastrostomy seems
optimal. Particularly, if one can utilize thoracoscopy and
laparoscopy for the surgery, it would be even more advantageous.
If the patient's condition is stable and the procedure is
conducted by a well-experienced surgeon, combining the
surgeries in one session seems best. However, to date, there are
no reports on spontaneous repair via minimally invasive surgery.
Moreover, spontaneous repairs performed thoracotomy and
laparotomy were reported to have a higher mortality compared
to multistage repairs (3). Therefore, a tailored management plan
that fits the patient’s situation is essential. For multistage
procedures, most literature indicates that surgery for esophago-
esophagostomy, with or without gastrostomy, is usually
conducted first (5-9). Although no literature explicitly states the
reason, one can infer that for open thoracotomy, since one needs
esophageal with

tracheoesophageal fistula ligation anyway, performing esophago-

to make an incision for atresia
esophagostomy directly after closing the thoracotomy, instead of
conducting another laparotomy for duodeno-duodenostomy,
seems more practical. However, in some cases, there are concerns
about complete duodenal obstruction due to duodenal atresia,
leading to the implementation of a gastrostomy (8). In our case,
since the duodenal atresia surgery was performed as a first stage
operation, there was an effect of gastric decompression through
duodeno-duodenostomy, eliminating the need to maintain a
gastrostomy post-surgery.

In this case, persistent abdominal distension and tachypnea
soon manifested despite the patient’s initial stability. In instances
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TABLE 1 Summary of all studies for the type and surgeries for combined esophageal atresia and duodenal atresia.

Mean BW?
(range)

Period | Cases| Mean

(N) | GA
(range)

Type C EA  Gastrostomy | Simultaneous

Staged EE

Mortality
repair | first®

repair

Lee et al. (7)* 1989-2006 7 | 35 (32-40) | 1,871 (1,100-2,600) | 7/7 (100%) 3/7 (43%) 5/7 (71%) 1 (14%) 1/1 29%
Nabzdyk et al. (8) | 2010-2012 3 33-35) | 1,822 (1,388-2,153) | 3/3 (100%) 3/3 (100%) 0/3 (0%) 3/3 (100%) 3/3 0%
Fragoso et al. (12)° | 1965-2012 | 10 32-37) | 2,240 (1,660-3,120) | 10/10 (100%) | 8/10 (80%) 8/10 (80%) 2/10 (20%) 12 50%
Miscia et al. (5)° | 2000-2019 33-36) | 1,911 (1,350-2,365) | 4/5 (80%) 1/5 (20%) 4/5 (80%) 1/5 (20%) 1/1 0%
Cao et al. (9) 2,748 (2,310-3,400) | 4/4 (100%) 1/4 (25%) 3/4 (75%) 1/4 (25%) 171 0%

34 (

35 (

35 (
2015-2018 | 4 | 39 (38-40)

35 (

36 (

36 (

Ein et al. 3)¢ 1971-2000 | 24 30-39) | 2,100 (1,130-3,450) | 17/24 (71%) | 19/24 (80%) 7/24 (29%) 16/24 (67%) | unknown 25%
Dave et al. (6)* 1974-2003 | 10 34-40) | 2,317 (1,835-2,830) | 9/10 (90%) 6/10 (60%) 4/10 (40%) 5/10 (50%) 5/5 10%
Spitz et al. (4)° 1964-1978 | 18 30-42) | 2,000 (1,200-2,800) | 16/18 (89%) |  5/18 (28%) 4/18 (22%) 8/18 (44%) 3/8 67%

GA, gestational age, weeks; BW, birth weight, gram; EE first, esophago-esophagostomy as a first operation in staged repaired patients.

?One case expired without treatment.

®No information for mortality cases, only analyzed 10 survival case among 20 combined EA and DA.

“One case of staged repair is due to delayed diagnosis of duodenal web.
9Mortality is 12% In type C patients, and 57% in pure EA patients.
SFour cases were not treated.

of TEF without DA, stomach decompression might not be essential
as stomach gas can transit through the distal gastrointestinal tract.
However, with complete obstruction due to DA, continuous gastric
distension could lead to irreversible lung damage from gastric
aspiration via the TEF, necessitating emergency TEF ligation.

Although some studies advocate DA correction first before TEF
ligation, if air entry into the stomach through TEF can be
controlled with appropriate management of tidal volume, such
delicate control is often challenging. Furthermore, some reports
highlight the risk of gastric perforation during mechanical
ventilation (13, 14). Therefore, beginning with TEF ligation can
help stabilize the patient’s airway. Similarly, Spitz et al. (4)
recommended the creation of a wide gastrostomy following EA/
TEF repair.

The sequence of operations addressing EA/TEF and DA
While reports
fluoroscopy-guided percutaneous gastrostomy (15), an 18G
angiocatheter for stomach decompression was utilized as an

remains undetermined. other performed

alternative to initial gastrostomy without imaging guidance in the
current case, facilitating uncomplicated thoracoscopic TEF
ligation. This shortens the procedure time for TEF ligation and
minimizes the gastrostomy scar. This strategy prevented severe
gastric dilatation and aspiration from excessive tidal volume
during intraoperative ventilation, providing a clear surgical field
view for the subsequent DA operation.

In situations where the patient’s condition could rapidly
deteriorate if a time-consuming laparoscopic duodeno-
duodenostomy is performed first, it is deemed safe to perform
TEF ligation as soon as possible.

With advancements in neonatal surgery, anesthesia, and care,
primary simultaneous repair has become an option. However,
definitive evidence suggesting its superiority over staged
operations is lacking. Ein et al. (3) reported a 75% survival rate
in 24 cases of combined EA/DA over 30 years, with multistage
operations unexpectedly showing better survival rates than

single-stage procedures.

Frontiers in Pediatrics

While single-stage surgeries may seem advantageous, the
extended durations of anesthesia and surgery pose significant
safety risks for neonates. Therefore, insisting on single-stage
surgery without considering the potential negative impact on the
newborn’s outcome is unwarranted.

In conclusion, the co-occurrence of EA/TEF and DA is rare,
necessitating a treatment approach that adapts to the individual
patient and the resources available at the treating center. This
report details a recent successful experience with a two-stage
operation conducted without gastrostomy and utilizing minimally
invasive surgical techniques. This approach underscores the
evolving potential for neonatal treatment strategies in managing
such complex cases.
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Comparative assessment of fully
laparoscopic Duhamel-Z with
minimal rectorectal dissection vs.
laparoscopy-assisted Duhamel-Z
with blunt manual rectorectal
dissection for total colonic
aganglionosis

Go Miyano'™, Hisae lida’, Yu Ebata’, Eri Abe', Haruki Kato',
Takafumi Mikami’, Junya Ishii’, Geoffrey J. Lane’,
Atsuyuki Yamataka® and Tadaharu Okazaki'

Pediatric Surgery, Juntendo University Urayasu Hospital, Chiba, Japan, *Pediatric General & Urogenital
Surgery, Juntendo University School of Medicine, Chiba, Japan

Aims: Early postoperative outcome (EPO) was compared between fully
laparoscopic Duhamel-Z (F-Dz) and laparoscopy-assisted Duhamel-Z (A-Dz)
anastomoses performed for total colonic aganglionosis (TCA).

Methods: EPO was assessed quarterly for the first year after F-Dz/A-Dz using a
continence evaluation score (CES) based on stool frequency (motions/day)
and stool consistency (0 = liquid, 1= soft, 2 = formed), presence of anal erosion
(0 = severe, 1 = moderate, 2 = mild), and incidence of enterocolitis.

Surgical technique involved taking the ileostomy down, dissecting the colon
laparoscopically, and preparing the pull-through ileum through the stoma
wound. In F-Dz (n=3), a working port (SILS trocar) was inserted, and
laparoscopic retrorectal dissection with forceps used to create a retrorectal
tunnel from the peritoneal reflection extending downward as narrow as possible
along the posterior wall of the rectum to prevent lateral nerve injury and
preserve vascularity. After completing the tunnel, the ileum was pulled-through
from an incision on the anorectal line and a Z-shaped ileorectal side-to-side
anastomosis performed without a blind pouch. In A-Dz (n =11), the retrorectal
pull-through route was created through a Pfannenstiel incision using blunt
manual (finger) dissection along the anterior surface of the sacrum.

Results: Subject backgrounds were similar. Mean quarterly data were: frequency
(F-Dz: 4.67, 4.67, 4.67, 3.33) vs. (A-Dz: 7.27, 7.09, 6.18, 5.36) p <.05; consistency
(F-Dz: 0.33, 0.67, 0.67, 0.67) vs. (A-Dz: 0.27, 0.45, 0.70, 0.73) p=ns; anal
erosion (F-Dz: 0.33, 0.33, 0.33, 0.67) vs. (A-Dz: 0.18, 0.36, 0.45, 0.64) p =ns;
and enterocolitis (F-Dz: 1 episode in 1/3 cases or 33.3%) vs. (A-Dz: 7 episodes in
6/11 cases or 54.5%) p = ns.

Conclusions: Overall, EPO after F-Dz was better than after A-Dz.

KEYWORDS

total colonic aganlionosis, duhamel-Z, laparoscopy, retrorectal dissection, continence
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Introduction

Surgical intervention for total colonic aganglionosis (TCA)
has been reported and modified over the years (1-4) without
consensus for a treatment of choice being reached. The
Duhamel procedure gained favor because there was less pelvic
dissection and a segment of aganglionic rectum was used as a
reservoir to reduce the frequency of defecation, improving
bowel continence. Ikeda (5) modified the Duhamel procedure
by introducing a Z-shaped ileorectal side-to-side anastomosis in
1967 that eliminated the rectal reservoir and dividing the
colorectal septum, completely. In 2017, the first author reported
gradual improvement in postoperative bowel continence in TCA
patients treated by laparoscopy-assisted Duhamel-Z anastomosis
(A-Dz) over time using a comprehensive continence evaluation
score (CES) (6).

Here, early postoperative outcome (EPO determined from
selected CES criteria considered most likely to influence quality
of life such as frequency/consistency of motions, presence of anal
erosion, and incidence of enterocolitis) after fully laparoscopic
Duhamel-Z anastomosis (F-Dz) and A-Dz were compared in
TCA patients.

Methods

A-Dz was performed from 2009 to 2019 and F-Dz since 2020.
Cases in this series were consecutive. Surgically, for both F-Dz
and A-Dz, four 5-mm ports were used to dissect the entire
colon beginning from the peritoneal reflection at the sigmoid
colon progressing proximally to the ileostomy site following the
bowel wall closely using conventional laparoscopic techniques.
After the ileostomy was taken down under laparoscopic control
(7), pull-through ileum was prepared by dissecting the ileal
mesentery through the abdominal ileostomy wound.

10.3389/fped.2023.1255899

For F-Dz, a Free Access'™ working port/platform (Top
Corporation, Tokyo, Japan) was placed in the abdominal wound.
Laparoscopic retrorectal dissection was performed using forceps
extending downward to create a retrorectal tunnel. From the
peritoneal reflection, dissection was performed as close as possible
to the posterior wall of the rectum to prevent lateral nerve injury
and preserve lateral vascularity (Figure 1). When laparoscopic
dissection/tunneling reached the anorectal line (ARL), an incision
was made on the ARL taking care to protect the surgical anal
canal, and the ileum was pulled-through from this incision
the additional
dissection (Figure 2). The rectal stump was resected 2 cm above

through narrow retrorectal tunnel without
the peritoneal reflection, and a transverse incision was made on
the anterior wall of the ganglionic ileum at the level of the
proximal rectal end. The posterior wall of the upper rectum and
lower edge of the incised anterior wall of the ileum were then
anastomosed very tightly using interrupted sutures. The posterior
wall of the rectum was incised on the ARL and the pulled-through
ileum was anastomosed to the anus circumferentially in a single
layer using interrupted 5-0 monofilament sutures. A 60 mm long
Tri-Staple™ technology surgical stapler was inserted through the
anus to divide the posterior rectal wall and anterior ileal wall.
Finally, the anterior wall of the upper rectum and the upper edge
of the incised anterior wall of the normal ileum were anastomosed
in two layers to complete the Z-shaped ileorectal side-to-side
anastomosis without a blind pouch (Figure 3).

For A-Dz, after the ileostomy was taken down, a Pfannennstiel
incision was used to create an extensive retrorectal pull-through
route using finger dissection along the anterior surface of the
sacrum and perform a Z-shaped ileorectal side-to-side
anastomosis as an open procedure. A-Dz was then completed
using the same technique described for F-Dz.

Data were collected for demographics, clinical presentation,
presence of associated anomalies, surgical management, and

perioperative complications. EPO assessment was performed

FIGURE 1

Laparoscopic retrorectal dissection. Retrorectal dissection was essentially performed bluntly and as narrowly as possible, along the posterior wall of the rectum
to prevent lateral nerve injury and preserve lateral vascularity in F-Dz. F-Dz: fully laparoscopic Duhamel-Z, A-Dz: laparoscopy-assisted Duhamel-Z
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FIGURE 2

Laparoscopic retrorectal dissection reaching the anorectal line. When laparoscopic dissection/tunneling reached the anorectal line, the ileum was pulled-
through through the narrow retrorectal tunnel without additional dissection in F-Dz taking care to protect the surgical anal canal. In A-Dz, an extensive
retrorectal dissection along the anterior surface of the sacrum (arrowheads) was required.

quarterly for one year by specialist nursing staff with wound,
ostomy, and continence (WOC) care certification; CES was
determined from frequency (motions per day) and consistency
(scored using: 0 =watery, 1 =soft, and 2 =formed, to calculate a
consistency score) data by WOC staff; severity of anal erosion
determined by WOC staff using: 0 =severe (requiring constant
corticosteroid administration), 1 = moderate (requiring
intermittent corticosteroid administration), 2=mild (requiring
emollients only); and the incidence of enterocolitis. Data were
compared between F-Dz (n=3) and A-Dz (n=11). Data for A-
Dz were obtained from a previously published report by the
same authors.

Data were analyzed using standard statistical methods with the
software Statcel-2 (OMS Publishing Inc., Saitama, Japan).
Demographics were compared using Bonferroni corrected post
hoc tests. EPO determined from selected CES criteria were
compared using the Student’s t-test. For all statistical tests, p <.05
was used to determine significance. Methodology and ethics were

in accordance with the Helsinki Declaration (2013).

Results

F-Dz cases were 2 females and 1 male; A-Dz cases were 5
females and 6 males. Mean age and mean weight were 7.6
months old and 7.1 kg, respectively in F-Dz and 10.2 months
and 8.4 kg in A-Dz; differences were not statistically significant
(p=ns for age; p=ns for weight). Mean lengths of aganglionic
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ileum resected (24.0cm in F-Dz vs. 19.5cm in A-Dz) were
statistically similar (p=ns). Mean operative times were 5.9 h in
F-Dz vs. 62h in A-Dz differences were not statistically
significant (p =ns). There were no perioperative complications in
either group.

No subjects immediate
postoperative period. Mean frequencies of stools/day at 3, 6, 9
and 12 months after F-Dz were: 4.67 £ 0.5, 4.67 +01.1, 4.67 + 0.5,
and 3.33 £0.5, respectively; after A-Dz were: 727+ 1.4, 7.09 =
1.6, 6.18 + 1.3, and 5.36 £ 1.4, respectively; p <.05 at 3, 6, and 12
months (Figure 4). Mean consistency scores at 3, 6, 9, and 12
months after F-Dz were: 0.33+0.5, 0.67+0.5, 0.67+0.5, and
0.67 £ 0.5, respectively; after A-Dz were: 0.27 +0.4, 0.45+0.5,
0.70+£0.6, and 0.73+0.6, respectively; p=ns throughout the
study period (Figure 5). Mean erosion scores at 3, 6, 9, and 12
months after F-Dz were: 0.33£0.5, 0.33+0.5, 0.33+0.5, and
0.67 £ 0.5, respectively; after A-Dz were: 0.18+0.4, 0.36+0.5,
0.45+0.5, and 0.64+0.5, respectively; p=ns throughout the
study period (Figure 6). Enterocolitis occurred in 1/3 F-Dz cases
(33.3%) and there were 7 episodes in 6/11 A-DZ cases (54.5%);
p=ns.

were constipated during the

Discussion

Duhamel-Z is
Hirschsprung disease. When performed as an open procedure,

indicated primarily for rectosigmoid

retrorectal dissection is performed transanally, using the fingers
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FIGURE 3

Z-shaped ileorectal side-to-side anastomosis without a blind reservoir. The incised posterior wall of the rectum and pulled-through ileum were anastomosed at
the anus, and a surgical stapler used to divide the posterior rectal wall and anterior ileal wall. Finally, the anterior wall of the upper rectum and the upper edge of
the incised anterior wall of the normal ileum were anastomosed to complete the Z-shaped ileorectal side-to-side anastomosis without a blind reservoir.

Frequency of motions
— ADz -- F-Dz

10
(p=.02) (p=.04)
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FIGURE 4
Frequency of stools in both groups. Frequency of stools was significantly lower in F-Dz than in A-Dz at 3, 6, and 12 months postoperatively.
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FIGURE 5
Consistency of stools in both groups. Consistency of stools was not
statistically different between F-Dz and A-Dz

Anal erosion
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2
1
0
3m 6m 9m 12m
FIGURE 6

Severity of anal erosion in both groups. Severity of anal erosion was not
significantly different between F-Dz and A-Dz

through a transverse incision on the posterior rectal wall to extend
full-thickness upward along the surface of the sacrum, followed by
creating a wide retrorectal tunnel between the anal side and the
peritoneal cavity (8). However, when performed laparoscopically
for TCA, retrorectal dissection is performed laparoscopically. A
report transanal  retrorectal  dissection

detailing during

laparoscopic Duhamel-Z with the direction of dissection
extending upward from a full-thickness hemicircumferential
incision on the posterior wall of the rectum required the
retrorectal tunnel to be wide enough to allow the folded rectum
to be grasped and pulled-down through it (9). Thus, a feature of
F-Dz used in the current report is that local trauma during
dissection was minimized and lateral rectal ligaments preserved
by using peanut gauze swabs for dissection in view of the density
of neurovascular and venous plexuses on the pelvic surface of the
sacrum. Similarly, electrocautery was not used for hemostasis to
prevent compromising the rectal blood supply and presacral
innervation (10) that could potentially disrupt postoperative
bowel function.

F-Dz was also considered less invasive because laparoscopy
ensured more precise and meticulous dissection of the posterior
wall, preventing more extensive dissection of the sacrum
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associated with manual (finger) dissection or open dissection
during A-Dz. As a result, better control of defecation reflected by
the lower frequency of stools after F-Dz may be related to
minimizing injury associated with manual dissection of the sacral
surface or preventing the creation of a narrow pull-through route
by limited dissection. The relatively younger age of F-Dz patients
may be implicated in stool frequency results although age
differences between groups in this study were not statistically
significant. Since publishing the report from which A-Dz data
was obtained, longer follow-up has shown further gradual
improvement in overall CES over time, emphasizing that the
anorectum has reserve for functional resolution after surgical
intervention.

Major limitations of this study are the small sample size and
short duration of follow-up. The F-Dz group had surgery at a
relatively younger but not statistically significant age which could
influence postoperative fecal continence, an issue that could not
be confirmed because of the small series and short follow-up.
However, despite the small sample size and short follow-up
period for F-Dz in this study, improvement in EPO after F-Dz
was considered worth reporting for its potential for enhancing
the treatment of TCA and improving the quality of life of
postoperative TCA patients. Since extending the follow-up period
and increasing the sample size will allow a more comprehensive
evaluation of surgery in the long-term, outcome after F-Dz is
being closely monitored and will be reported when sufficient data
is available.
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Objective: The aim of the study is to discuss the efficacy of live vs. remote cadaver
surgical training (CST) for minimally invasive surgery (MIS).

Methods: A cohort of 30 interns in their first and second years of training were
divided into three groups: live observers (n=12), live participants (n=6), and
remote observers: (n =12). The interns had the opportunity to either observe or
actively participate in two different surgical procedures, namely, laparoscopic
lower anterior resection, performed by a colorectal surgical team, and
laparoscopic fundoplication, performed by a pediatric surgical team. The
procedures were conducted either at a base center or at a remote center
affiliated with the institute. Some of the interns interacted directly with the
surgical teams at the base center, and others interacted indirectly with the
surgical teams from the remote center. All interns were administered
questionnaires before and after completion of the CST in order to assess their
understanding of various aspects related to the operating room layout/
instruments (called “design”), accessing the surgical field (called “field”),
understanding of anatomic relations (called "anatomy”), their skill of dissection
(called "dissection”), ability to resolve procedural/technical problems (called
“troubleshooting”), and their skill in planning surgery (called “planning”)
according to their confidence to operate using the following scale: 1=not
confident to operate independently; 4 = confident to operate with a more senior
trainee; 7 = confident to operate with a peer; and 10 = confident to operate with
a less experienced trainee. A p <0.05 was considered statistically significant.
Results: All scores improved after CST at both the base and remote centers. The
following significant increases were observed: for remote observers: “field”
(2.67-492; p<.01), "anatomy” (3.58-5.75; p<.01), “dissection” (3.08—4.33;
p=.01), and ‘planning” (3.08-4.33; p<.0l1); for live observers: “design”
(3.75-6.17; p<.01), “field” (2.83-5.17; p<.01), "anatomy” (3.67—5.58; p<.01),
"dissection” (3.17-4.58; p<.01), "troubleshooting” (2.33-3.67; p<.01), and
“planning” (2.92—-4.25; p<.01); and for live participants: "design” (3.83—6.33;
p=.02), "field" (2.83-6.83; p<.01), "anatomy” (3.67—-5.67; p<.01), “dissection”
(2.83—-6.17; p<.01), "troubleshooting” (2.17-4.17; p<.01), and “planning”
(2.83-4.67; p<.01). Understanding of “design” improved significantly after CST
in live observers compared with remote observers (p <.01). Understanding of
“field and “dissection” improved significantly after CST in live participants
compared with live observers (p=.01, p=.03, respectively). Out of the 12
remote observers, 10 participants (83.3%) reported that interacting with surgical
teams was easy because they were not on-site.
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Conclusions: Although all the responses were subjective and the respondents were aware
that observation was inferior to hands-on experience, the results from both centers were
equivalent, suggesting that remote learning could potentially be viable when resources

remote education, minimally invasive surgery, cadaver surgical training, pediatric surgery, general

Miyano et al.
are limited.
KEYWORDS
surgery
Introduction

The postgraduate training program in Japan was revised in
2004. This revision affected graduates of accredited medical
schools who had completed 6-year-long courses and successfully
passed the national medical registration examination. The
previous system, which involved immediate commencement of
specialty training after graduation, was replaced with an
internship system where all graduates are required to spend the
first

departments. While the aim of this revision was to train doctors

2 years after graduation rotating through multiple
with more general experience and skills, the duration of surgical
training was limited to a period of 6 months, which was very
different from the former system in which prospective surgeons
would immediately commence on their surgical training after
graduation.

As a result, surgical trainees under the new system must
commence surgical training with only limited exposure to
surgery. In recent years, surgical training with training boxes and
laboratory animals has increased, resulting in a distinct trend
away from direct, hands-on management with some interns
having little access to experiencing surgery. One of the primary
challenges with utilizing training models and laboratory animals
is their physical difference to actual patients; the variety of
patients cannot be reproduced adequately with animals, and of
course, there are differences in anatomic relations (1-3). Thus,
options for improving exposure to surgery are decreasing while
the COVID-19 pandemic and social distancing rules have also
limited access to in-person training activities and prevented
attendance at “live” teaching sessions. As a result, medical
education has been forced to evolve rapidly to a virtual format
(4) facilitated by improved data transmission. While surgical
procedures are often video recorded for educational purposes,
such as utilization at congresses/conferences and live digital
learning events (5), and some hospitals even broadcasted
operations to waiting rooms so relatives can observe the surgery,
such options have not been generally applied for routine teaching
purposes due to patient safety and ethical concerns associated
with live surgery broadcasts (6).

Cadaver surgical training (CST) is an integral part of
understanding and learning anatomy and a time-tested technique
for obtaining valuable understanding of the structure and
textures of the body required for confident surgical intervention.
CST would be most beneficial as a “live” experience, but virtual
or remote CST may provide exposure that would otherwise be
unattainable and could prove to be valuable after COVID-19
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related restrictions, such as social distancing and ease (7).
Remote CST has been reported for plastic surgery (7), and its
potential for minimally invasive surgery (MIS) training is being
considered.

In order to provide surgical trainees with exposure to improve
their education and understanding of anatomy and aspects of
planning and logistics essential for successful surgery, a previous
experience with CST and laparoscopy/thoracoscopy (8) was
applied to determine the impressions of first and second year
interns faced with increasingly limited opportunities for surgical
experience exacerbated by COVID-19 restrictions. In this study,
groups of interns either observed or participated in CST
center (live observers/live

procedures a base

participants) or observed the same procedures from a remote

directly at

center at an affiliated institute (remote observers). In addition,
their
questionnaires

perceived confidence to operate was assessed by

CST. Their
responses were considered likely to be useful for assessing the

administered before and after

potential of remote education as a viable alternative to direct
teaching methods as a means for improving the efficiency of
medical education.

Methods

The Juntendo University CST Center was established in 2019,
rendering it accessible to the 18 specialty surgical departments at
Juntendo University Medical School Hospital, as well as the
Department of Anatomy at Juntendo University Medical School.
The center is supported financially by the Japanese Ministry of
Health, Labour, and Welfare, for the effective use of donated
bodies for the advancement of science (8).

The CST Center located at Juntendo University Hospital (base
center) was connected to a remote center at Juntendo University
Urayasu Hospital (Figure 1) by a data transmission system
established with a “KAKENHI” grant (grant number: 22K02835)
from the Japan Society for the Promotion of Science and Kawano
Masanori Memorial Public Interest Incorporated Foundation for
Promotion of Pediatrics. Juntendo University utilized its own
transmission network to offer on-site video and audio broadcast
services using highly secure connections to prevent information leakage.

When the CST program was first established at Juntendo, the
cadavers were embalmed using a saturated salt solution. For the
current study, only cadavers preserved using Thiel’s method (9)
were used. A total of 30 first and second year interns either
observed or participated in a laparoscopic lower anterior
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FIGURE 1
Remote CST observation. First and second year interns participated as
observers; they were allowed to ask questions freely during their CST
session.

resection performed by a colorectal surgical team and a
laparoscopic fundoplication performed by a pediatric surgical
team directly at the base center (live observers=12, live
participants =6) or observed the same procedures from the
remote center (remote observers=12). Live participants had the
opportunity to alternate roles as the main surgeon, scope
surgeon, and assistant surgeon. The two operations used for CST
were chosen based on their frequent utilization in clinical
practice, involving a variety of maneuvers. All interns were
allowed to interact freely with the surgical teams directly at the
base center and indirectly at the remote center. All interns
involved at both centers were administered a questionnaire
before and after their CST session that asked regarding their
impressions of six criteria: operating room layout/logistics,
including an introduction of trocars, trocar selection, and trocar
insertion (called “design”), accessing/establishing the surgical
field (called “field”), understanding of anatomic relations (called
“anatomy”), understanding of basic dissection techniques (called
“dissection”), dealing with procedural/technical problems
(called “troubleshooting”), and how to plan surgery (called
“planning”). Questionnaires assessed how confident interns with
no hands-on experience of surgery would feel about operating,
based on the understanding derived from their CST session. The
responses were scored as follows: 1=not confident to operate
independently; 4 =confident to operate with a more senior
trainee; 7 = confident to operate with a peer; 10 = confident to
operate with a less experienced trainee. A sample questionnaire is
presented in Table 1.

Data were analyzed using standard statistical methods with the
software Statcel-2 (OMS Publishing Inc,
Technical background of interns was compared using Bonferroni

Saitama, Japan).

corrected post hoc tests. The changes of the score from the
questionnaire were compared using the Student’s t-test. For all
statistical tests, p<.05 was used to determine significance.
Juntendo University institutional review board approval was
obtained for this study (2019173). Methodology and ethics were
in accordance with the Helsinki Declaration (2013).
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TABLE 1 Perceived self-confidence.

Pre-CST | Post-CST

1. Operating theater layout (including trocar selection)

2. Accessing the surgical field

3. Understanding anatomy

4. How to dissect

5. Solving problems

6. Planning surgery

1. Not confident at all; 4. Confident if with someone senior; 7. Confident with peer;
10. Confident to supervise someone junior.

Results

The technical backgrounds of the first and second year interns
are shown in Table 2. There were no significant differences
observed among the live observers, live participants, and remote
observers. While the scores at both centers increased for all
criteria after CST, a significant improvement was reported by the
remote observers for the following: “field” (2.67 £ 0.9—4.92 £ 0.9;
p<.01), “anatomy” (3.58 £0.7—5.75+0.9; p<.01), “dissection”
(3.08+0.9-433+0.9; p=.01), (3.08 £
1.0-4.33 £ 1.1; p <.01); by live observers for all criteria: “design”
(3.75+£12—6.17+£1.1; p<.01), “field” (2.83+1.1-5.17+0.9;
p<.01), “anatomy” (3.67 £0.7—5.58 +0.7; p<.01), “dissection”
(3.17£1.1-4.58+09; p<.01), “troubleshooting” (2.33+
0.6—3.67+0.9; p<.01), and “planning” (2.92 +1.0—4.25+0.7;
p <.01). Only “design” was significantly higher when the rates of

and  “planning”

increase between live observers and remote observers were
compared (p<.01). Figure 2 shows the results for the live
observers and remote observers. Interestingly, 10 participants out
of the 12 (83.3%) remote observers returned the questionnaires
with equivalent results to the live observers; seven out of the 12
remote observers (58.3%) were interested in attending another
remote CST session.

For the live participants, significant increases were observed in
the scores after CST for “design” (3.83 +1.7—6.33 £ 1.0; p =.02),
“field” (2.83+0.7-6.83+0.7; p<.01), “anatomy” (3.67 %
0.8—5.67+0.8; p<.01), “dissection” (2.83+1.1-6.17%1.3;
p<.01), “troubleshooting” (2.17+0.7-4.17+0.7; p<.01), and
(2.83+0.754.67+0.5; p<.01). “Field” and
“dissection” increased significantly in the live participants,

“planning”

reflecting the benefit of hands-on experience (p=.01, p=.03,
respectively). Figure 3 shows the results for the live observers
and live participants.

Discussion

The recent report (8) on CST for MIS training examined its
relevance and the extent to which CST was considered realistic.
The findings of this study were applied when designing the
current study to establish the goals for training and how to
assess the sense of achievement after CST at both the base and
remote centers. The impressions of CST at both centers were
comparable, with the remote observers particularly supportive of
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TABLE 2 Overall dexterity of interns.

Live observers

10.3389/fped.2023.1255882

Remote observers

Live participants

p-Value

Surgical field of interest Gastrointestinal
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ns
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Others
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ns

General hospital

Private clinic

Others

Exercise experience Team sports

ns
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ns

Personal pleasure

None

Video game experience Regular player

ns
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The changes in understanding after CST, comparing the remote and base center interns. How to design an operating theater, how to develop a surgical
field, how well anatomy was understood, how to dissect during an operation, how to deal with problems, and how to plan surgery. How to design an
operating theater was significantly different between the base and remote center interns.
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Surgical planning
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their remote learning experience. McIntyre et al. (10) compared the
subjects observing surgery in an operating theater with subjects
watching a live broadcast of the same surgery; the group engaged
in live broadcast asked four times more questions than the group
in the operating theater, and more of their questions were
answered. There was a similar trend in this study with the
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remote observers interacting more during CST than the live
related
physically close to the surgeons teaching the CST session on-site.

observers/live participants, possibly to not being
As all interns considered CST as a valuable learning experience,
easier interaction would be advantageous and a possible reason

why the remote observers found their experience so worthwhile
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FIGURE 3
The changes in understanding after CST, comparing the live observers and live participants. How to access a surgical field and how to dissect during an
operation were significantly different between the live observers and live participants

and actively chose “remote” as the format for a repeat CST session.
In other words, a virtual cadaver experience provided exposure and
an opportunity to learn that was less stressful than being with the
instructors directly. The remote observers felt more relaxed due to
their physical separation from the senior staff, which allowed them
to focus on their observation and express their curiosity.

Another advantage of the remote center that may be relevant is
that surgery may have been easier to watch because images were
transmitted directly from the operation site. This was hinted at
in a report on cadaveric plastic surgery training (7) and could be
particularly relevant for MIS involving both thoracoscopy and
laparoscopy. This is due to the fact that the live observers, live
participants, and the teaching surgeons essentially share the same
monitor in the operating room, while the remote observers can
observe using several monitors, if available, and engage in open
discussions regarding their observations. In fact, remote learning
could potentially offer advantages over live observation in an
operating room, particularly in situations when several trainees
are clamoring for an opportunity to observe.

This simple study identified the potential value of remote
education by providing data reflecting the appreciation and
satisfaction experienced after a remote CST session. The findings
suggest that remote education may be a valid modality for
learning, although it is difficult to make specific conclusions
regarding the potential value of remote education for learning
physical skills due to the subjective nature of this study. Further
research is required to determine how effective CST and remote
CST are for preparing more experienced surgical trainees with
previous experience and exposure to operating rooms and
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surgical procedures. Of particular interest would be assessing
whether CST or remote CST influenced the progress of surgical
training.

Based on the data obtained in the present study, while the
results for the
participants were similar, there were notable differences and

remote observers and live observers/live
discrepancies in certain criteria, indicating the existence of
potential areas for improvement in order to enhance the
effectiveness of CST as a learning experience. By identifying areas
requiring more effort, the focus of planning for future medical
education can be adjusted to overcome shortcomings and
potentially include supplementary topics such as experimental
surgery or instruction in surgical techniques using models.

As a baseline study for assessing the factors related to a
successful remote learning, the favorable reaction of the remote
observers would suggest that further research is worthwhile. In
addition, the current study could be considered as a trial of the
potential of remote learning. With the utilization of Juntendo’s
and the dedicated
transmission system tailored for remote teaching, the same

existing facilities development of a
training can be conducted with enhanced clarity and broader
technical input using more advanced facilities and has the
potential for application anywhere, even internationally, with
well-renowned surgeons hosting teaching sessions in real time.
The legitimate concerns regarding security of information
transfer and privacy require the involvement of expert
technicians. However, the potential for expanding surgical
training from the traditional “see one, do one, teach one”

approach to a global interface using remote learning presents an
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exciting opportunity for every surgeon, no matter how well-
renowned. While the scope of the current study is small, the
education strategy that could develop based on the data
presented could contribute to reducing gaps in surgical education
through collaboration among different centers or institutes
without any restrictions based on distance.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Juntendo
University School of Medicine. The studies were conducted in
with  the
requirements. The participants provided their written informed

accordance local legislation and institutional

consent to participate in this study.

Author contributions

GM: Conceptualization, Data curation, Formal analysis,
Methodology,
administration, Visualization, Writing — original draft, Writing -

Funding acquisition, Investigation, Project

review & editing. MT: Data curation, Methodology, Resources,
Writing - review & editing. TS: Data curation, Resources,
Writing - review & editing. HI: Data curation, Writing — review

& editing. EA: Data curation Writing - review & editing. HK:
Resources, Writing — review & editing. SY: Methodology, Writing

References

1. Zimmerman H, Latifi R, Dehdashti B, Ong E, Jie T, Galvani C, et al. Intensive
laparoscopic training course for surgical residents: program description, initial
results, and requirements. Surg Endosc. (2011) 25(11):3636-41. doi: 10.1007/s00464-
011-1770-6

2. La Torre M, Caruso C. The animal model in advanced laparoscopy resident
training. Surg Laparosc Endosc Percutan Tech. (2013) 23(3):271-5. doi: 10.1097/SLE.
0b013e31828b895b

3. Luks FI, Peers KH, Deprest JA, Lerut TE. Gasless laparoscopy in infants: the
rabbit model. J Pediatr Surg. (1995) 30(8):1206-8. doi: 10.1016/0022-3468(95)
90023-3

4. Ahmed H, Mohammed A, Elghazaly H. COVID-19 and medical education.
Lancet Infect Dis. (2020) 20(7):777-8. doi: 10.1016/S1473-3099(20)30226-7

5. Artibani W, Ficarra V, Challacombe BJ, Abbou CC, Bedke ], Boscolo-Berto R,
et al. EAU policy on live surgery events. Eur Urol. (2014) 66(1):87-97. doi: 10.1016/
j.eururo.2014.01.028

Frontiers in Pediatrics

39

10.3389/fped.2023.1255882

- original draft. GL: Formal analysis, Validation, Writing -
editing. KL
Supervision, Validation, Writing - review & editing. KS:

review & Project administration, Resources,
Supervision, Writing - review & editing. AY: Supervision,
Writing - review & editing. TO: Supervision, Writing — review

& editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

The authors declare that this study received funding JSPS
KAKENHI (grant number JP22K02835) and Kawano Masanori
Memorial Public Interest Incorporated Foundation for Promotion
of Pediatrics.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. Duty B, Okhunov Z, Friedlander ], Okeke Z, Smith A. Live surgical
demonstrations: an old, but increasingly controversial practice. Urology. (2012) 79
(5):1185.e7-11. doi: 10.1016/j.urology.2011.12.037

7. Lisiecki JL, Johnson SP, Grant D, Chung KC. Learners responses to a virtual
cadaver dissection nerve course in the COVID era: a survey study. Arch Plast Surg.
(2022) 49(5):676-82. doi: 10.1055/s-0042-1756351

8. Yoshida S, Miyano G, Tanaka M, Ikegami M, Kato H, Seo S, et al. Cadaver
training for minimally invasive pediatric surgery: a preliminary report.
] Laparoendosc Adv Surg Tech A. (2021) 31(12):1485-90. doi: 10.1089/lap.2021.0333

9. Thiel W. Supplement to the conservation of an entire cadaver
according to W. Thiel. Ann Anat. (2002) 184(3):267-9. doi: 10.1016/50940-9602(02)
80121-2

10. Brunckhorst O, Challacombe B, Abboudi H, Khan MS, Dasgupta P, Ahmed K.
Systematic review of live surgical demonstrations and their effectiveness on training.
Br ] Surg. (2014) 101(13):1637-43. doi: 10.1002/bjs.9635

frontiersin.org


https://doi.org/10.1007/s00464-011-1770-6
https://doi.org/10.1007/s00464-011-1770-6
https://doi.org/10.1097/SLE.0b013e31828b895b
https://doi.org/10.1097/SLE.0b013e31828b895b
https://doi.org/10.1016/0022-3468(95)90023-3
https://doi.org/10.1016/0022-3468(95)90023-3
https://doi.org/10.1016/S1473-3099(20)30226-7
https://doi.org/10.1016/j.eururo.2014.01.028
https://doi.org/10.1016/j.eururo.2014.01.028
https://doi.org/10.1016/j.urology.2011.12.037
https://doi.org/10.1055/s-0042-1756351
https://doi.org/10.1089/lap.2021.0333
https://doi.org/10.1016/S0940-9602(02)80121-2
https://doi.org/10.1016/S0940-9602(02)80121-2
https://doi.org/10.1002/bjs.9635
https://doi.org/10.3389/fped.2023.1255882
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

& frontiers ‘ Frontiers in Pediatrics

") Check for updates

OPEN ACCESS

EDITED BY
Giuseppe Lauriti,

G. d’Annunzio University of Chieti and Pescara,
Italy

REVIEWED BY

Giovanni Cobellis,

Marche Polytechnic University, Italy
Miguel Alfedo Castellan,

University of Miami, United States

*CORRESPONDENCE
Di Xu
fisleyk@163.com

These authors have contributed equally to this
work

RECEIVED 12 June 2023
ACCEPTED 21 September 2023
PUBLISHED 02 November 2023

CITATION

HeY, Lin S, Xu X, He S, Xu H, You G, Chen J and
Xu D (2023) Single-port-plus-one
robot-assisted laparoscopic modified
Lich-Gregoir direct nipple ureteral extravesical
reimplantation in children with a primary
obstructive megaureter.

Front. Pediatr. 11:1238918.

doi: 10.3389/fped.2023.1238918

COPYRIGHT

© 2023 He, Lin, Xu, He, Xu, You, Chen and Xu.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Pediatrics

Original Research
02 November 2023
10.3389/fped.2023.1238918

Single-port-plus-one
robot-assisted laparoscopic
modified Lich-Gregoir direct
nipple ureteral extravesical
reimplantation in children with a
primary obstructive megaureter

Yufeng He*", Shan Lin**, Xinru Xu*", Shaohua He"*, Huihuang Xu'?,
Guangxu You™, Jianglong Chen'* and Di Xu***

'Department of Pediatric Surgery, Children Medical Center, Fujian Provincial Hospital, Fuzhou, China,
2Shengli Clinical Medical College of Fujian Medical University, Fuzhou, China

Purpose: To introduce a new technique of single-port-plus-one robotic
laparoscopic-modified  Lich-Gregoir direct nipple ureteral extravesical
reimplantation and ascertain its validity in the treatment of pediatric primary
obstructive megaureter.

Methods: Between January 2021 and November 2021, we retrospectively analyzed
the clinical data of 12 children with primary obstructive megaureter who were
admitted to the Department of Pediatric Surgery of Fujian Provincial Hospital. All
12 children were treated with single-port-plus-one robotic laparoscopic Lich-
Gregoir direct nipple ureteral extravesical reimplantation. Five of them were
female and seven were male, including nine cases were simple obstructive type,
while the remaining three cases were obstructive with reflux type. The mean age
of the children was 17.33+ 6.99 (10—36) months and the mean follow-up time
was 1416+ 175 (12-17) months. Changes in preoperative and first-year
postoperative parameters were compared.

Results: The mean operative time for all 12 children was 123.58 + 10.85 (110-145)
min, with a mean internal operative time of 101.42 + 0.85 (90-120) min, a mean
operative bleeding time of 2.42 + 0.67 (2—-4) ml, and a mean hematuria duration
of 16.08 +1.44 (14-19) h. The mean indwelling catheterization time was 2.25 +
0.45 (2-3) days and the mean hospitalization time was 3.83 + 0.39 (3—-4) days. At
the postoperative first year, the ureteral diameter, calyceal diameter, and anterior—
posterior renal pelvic diameter were found to be significantly smaller than at the
preoperative period (18.83+3.21mm vs. 6.83+1.27 mm, 13.99 + 358 mm vs.
354290 mm, and 34.92 + 425 mm vs. 10.08 + 1.88 mm, P<0.001). There was a
significant increase in renal cortical thickness and the percentage of differential
renal function (3.63+1.66 mm vs. 567+ 188 mm, 33.75+2.77mm vs. 37.50 +
1.31mm, P<0.001). The resolution rate of obstruction was 100% and no child
developed DeNovo vesicoureteral reflux.

Abbreviations

UR, ureteral reimplantation; VUR, vesicoureteral reflux; POM, primary obstructive megaureter; DRF,
differential renal function; APRPD, anterior-posterior renal pelvic diameter; MIS, minimally invasive
surgery; UTIs, urinary tract infections; UTDS, urinary tract dilation risk stratification; VCUG, voiding
cystourethrogram; MRU, magnetic resonance urography; DMSA, dimercaptosuccinic acid.
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Conclusion: The technique of modified Lich-Gregoir direct nipple ureteral
extravesical reimplantation can help maintain the physiological direction of the
ureter and at the same time enhance the effectiveness of antirefluxing in robotic
surgery. The design of a single-port-plus-one wound can produce a cosmetic
appearance by concentrating and hiding the wound around the umbilicus. This
modified reimplantation procedure has the potential to become a promising
technique in the robot-assisted treatment of primary obstructive megaureter.

KEYWORDS

single-port-plus-one, robotic laparoscopic surgery, primary obstructive megaureter, direct
nipple, ureteral extravesical reimplantation

Introduction

The term Primary Obstructive Megaureter (POM), which was
coined by Caulk in 1923 (1), results in hindered urine evacuation
and dilates the ureter and renal collecting system (2). Most will
resolve over time. However, in approximately 20% of patients
with uncontrolled urinary tract infection (UTI) or high-grade or
progressive obstruction, ureteral reimplantation is required (3).
Traditionally, open ureteral reimplantation is the gold standard
for primary obstructive megaureter. In the past decade, pediatric
urologists have frequently implemented minimally invasive
procedures by using laparoscopic, robotic-assisted, and other
devices. The Da Vinci robot-assisted laparoscopic surgery
platform, which is characterized by a 6° freedom articulation,
tremor filtering, and stereoscopic vision, provides distinct
advantages in intracorporeal reparation and suturing (4). These
advantages have expanded the role of robot-assisted surgery in
complex lower urinary tract reconstructive surgeries, which are
possibly time-consuming due to the narrow pelvic space (5). To
promote the use of robot-assisted surgery for the treatment of
obstructed megaureter and to achieve optimal outcomes, herein,
we implemented a novel technique called “single-port-plus-one
nipple
extravesical reimplantation”, in an attempt to minimize technical

robotic  laparoscopic-modified  direct Lich-Gregoir
difficulties. We reviewed our prospectively collected data and

assessed the short-term safety and feasibility of the procedure.

Patients and methods

Between January 2021 and November 2021, we retrospectively
reviewed 12 patients with POM who were admitted to the
Department of Pediatric Surgery of Fujian Provincial Hospital, of
whom five were females and seven were males. Their mean age
was 17.33 £6.99 (10-36) months and the mean follow-up time
was 14.16 + 1.75 (12-17) months. Out of 12 patients, five are on
the right side and seven are on the left side. The patients on the
right are all obstructive. Among the patients on the left, four are
obstructive and three are obstructive with reflux. A prenatal
diagnosis was carried out in all 12 patients. Two patients
experienced abdominal pain and three presented with UTIs.

All patients underwent a preoperative magnetic resonance
urography (MRU), urological ultrasound, diuretic renogram (99 m
Tc-DTPA), renal static imaging (99 m Tc-DMSA), and voiding
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cystourethrography (VCUG). All patients presented with a
worsening dilatation (6) of 5 UTDP3 grade and 7 UTDP2 grade,
and all of them had a deteriorating differential renal function
(DRF) and obstructive curves on serial scans. A preoperative
VCUG was done in all patients, and three of them had a
vesicoureteral reflux (VUR), with grade 1 in two and grade 3 in one.

All  patients underwent single-port-plus-one  robotic
laparoscopic-modified direct nipple Lich-Gregoir extravesical
reimplantation. Five of them underwent ureteral tapering repair,
which was performed by using Hendren’s technique. Informed
consent was obtained from the parents of the children, and the
ethical review of the study was performed in our institution
(ethics approval number: K2020-12-033).

In the postoperative second month, the patients were
readmitted to the hospital for cystoscopy, observation of the
ureteral orifice pattern, and removal of the double J tube. On the
first year after surgery, the patients again returned for a
urological ultrasound, MRU, diuretic nephrography, renal static
imaging (99m Tc-DMSA), and VCUG to assess their recovery.
Also, on the first year after surgery, all patients underwent a
cystoscopy for an observation of the ureteral orifice, and the F3
ureter catheter was passed through the ureteral orifice to confirm

no kicking in the ureter.

Inclusion and exclusion criteria

Inclusion criteria: POM patients with symptoms such as
febrile UTIs or included in the study (7).
Asymptomatic patients with a DRF below 40% and which was

pain  were

associated with massive or progressive hydronephrosis, or a drop
of >5% in differential function, were included.

Exclusion criteria: Patients with secondary giant ureters caused
by ectopic ureteral opening, neurogenic bladder, posterior urethral
valve, or urethral stenosis were excluded from the study (7).

Surgical procedures

All robot-assisted laparoscopic surgeries were performed by the
same surgeon and surgical team.

After administering a successful general anesthesia, the patients
were kept in the supine position, with head low and foot high, the
bilateral upper limbs were placed in a “surrender” position, and the
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bilateral upper limbs were slightly opened. All parts of the body
under pressure were padded with a sponge and fixed with
bandages. Disinfecting, draping, and urethral catheterization were
performed before the starting the single-port-plus-one robotic
laparoscopic-modified  Lich-Gregoir  direct nipple ureteral
extravesical reimplantation.

Although the da Vinci system Xi has four robotic arms, we
used only three [three-dimensional (3D) camera arm III,
operating arm II, and operating arm IV] and inserted a
quadruple-channel puncture device to improve cosmetic
appearance. We made a 2.5-3 cm curved incision along the edge
of the umbilical cord to place a quadruple-channel puncture
device, the four channels of which were used to insert an 8 mm
3D camera port III and an 8 mm operating port IV and were

also used as assistant channels in a subsequent operation.

10.3389/fped.2023.1238918

Artificial pneumoperitoneum was established with a pressure rate
of 10 mmH,0 and a flow rate of 4 L/min. Another 8 mm
incision was made 6 cm away from 3D camera port III on the
right side of the abdomen for inserting robotic operating port II,
as shown in Figures 1A,B.

Instead of using the traditional two peritoneal incisions to
identify the ureter, we devised a new method of creating a
“peritoneal window.” We used a transverse incision to open the
peritoneal layer along the surface of the posterior bladder wall,
dissected the peritoneal layer from the posterior bladder wall on
both sides, and then used an undamaged vessel clip to fix the
peritoneal layer with the surrounding tissue. In these ways, we
established a “peritoneal window,” in which the vas or uterine
artery could be directly identified from the ureter, as shown in
Figures 1C,D.

FIGURE 1

intermittent incision of the cut detrusor suture with 4-0 Vicryl.

(A,B) A 2.5-3 cm curved incision was made along the edge of the umbilical cord to place a quadruple-channel puncture device. Another 8 mm incision
was made 6 cm away from 3D camera port Il on the right side of the abdomen for inserting the robotic operating port Il. (C,D) We established a
"peritoneal window,” in which the vas or uterine artery was directly identified from the ureter. (E,F) The direction of the detrusor tunnel was designed
obliquely. The bladder detrusor was cut and disassembled until bulging of the bladder mucosa occurred, the length of the incision is five times the
normal width of the ureter. (G,H) The overdilated ureter was cut and shaped and a double J tube was inserted into the ureter. The 1.5 cm end of the
ureter was placed into the bladder. The seromuscular layer of the ureter and the bladder mucosa were sutured at 3, 6, 9, and 12 o' clock positions
with 6-0 PDS. Finally, four stitches were made in each quadrant to complete the anastomosis. (I) A “down-top” method was applied to complete an
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The direction of the detrusor tunnel was designed obliquely
and a local electrocoagulation marker was generated. Traction
sutures of the posterior bladder wall were inserted through the
abdominal wall above the middle of the pubic symphysis and

Complication

pulled out from the inserted position. In this way, the posterior
bladder wall was pulled obliquely to the abdominal wall, and the
detrusor tunnel was kept straight, which was convenient for

cutting and dissecting. Inject saline into the bladder through a
catheter to fill it. The bladder detrusor was cut and disassembled
until bulging of the bladder mucosa occurred, the length of the

Hospitalization

incision is five times the normal width of the ureter. The

outward and upward detrusor tunnel was more in line with the
physiological direction of the ureter, as shown in Figures 1E,F.
The stricture segment of the ureter was resected, the
overdilated ureter was cut and shaped as needed, and a double |
tube was inserted into the ureter. Then, the 1.5 cm end of the
ureter was placed into the bladder. Next, we sutured the
seromuscular layer of the ureter and the bladder mucosa at 3, 6,
9, and 12 o’ clock positions with 6-0 PDS, and finally, four
stitches were made in each quadrant to complete the

Indwelling catheterization time

anastomosis, as shown in Figures 1G,H.

The “down-top” method was applied to complete an
intermittent incision of the cut detrusor suture with 4-0 Vicryl,
as shown in Figure 1I. Finally, the peritoneal layer of the

15
16
18
19
17
15
16
15
14
17
16
15

posterior bladder wall was closed and the wound was sutured.

Gross hematuria

Results

The mean operative time for all 12 children was 123.58 +10.85
(110-145) min, with a mean internal operative time of 101.42 +
0.85 (90-120) min, a mean operative bleeding of 2.42+0.67
(2-4) ml, and a mean hematuria duration of 16.08 + 1.44 (14-19) h.
The mean indwelling catheterization time was 2.25+045 (2-3)

%)

7
°
°

o
9
(o]

days, and the mean hospitalization time was 3.83 +0.39 (3-4) days,

112
130
145
123
116
117
135
134
110
125
124
112

as shown in Table 1.

Operation time

At the postoperative first year, the ureteral diameter, calyceal
diameter, and anterior-posterior renal pelvic diameter (APRPD)

were found to be significantly smaller than at the preoperative
period (18.83 £3.21 mm vs. 6.83 £ 1.27 mm, 13.99 +3.58 mm vs.
35+290mm, and 3492+425mm vs. 10.08:+1.88 mm,
P<0.001) (Figures 2A,B: the yellow arrow). There was a
significant increase in renal cortical thickness and the DRF
percentage (3.63+1.66 mm vs. 5.67 +1.88 mm, 33.75+2.77 mm
vs. 37.50 + 1.31 mm, P<0.001), as shown in Table 2.

In the postoperative period, no patient developed urinary

utD
P3
P2
P3
P3
P3
P2
P3
P2
P2
P2
P2
P2

The type of

retention, urinary extravasation, and wound infection. Two

Side

patients developed postoperative UTI treated conservatively

and no one demonstrated reflux on VCUG. The resolution
rate of obstruction was 100% and no patient developed

the bladder was found to turn into nipples automatically, as

NO ' Sex

10
11
12

According to the system of the American Pediatric Association for classifying the megaureter, O represents obstruction without refluxing, and QR represents obstruction with refluxing.

TABLE 1 Basic patient information on the modified Lich surgery.
?Represents the source of POM typing.

2 ¢
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At the postoperative second month, the patients were £ g

©

readmitted to the hospital for a cystoscopy for removal of the s
double J catheter, and the end of the ureter that was placed into HEIRREIREIRERRAE g
=]
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[
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shown in Figure 2C, and the wounds were cosmetic, as shown in
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FIGURE 2

(A,B) At the postoperative first year, there was a significant reduction in APRPD and ureteral diameter compared with those before the operation (yellow
arrow). (C) The end of the ureter that was placed into the bladder was found to turn into nipples automatically in cystoscopy at the postoperative second
month. (D) Cosmetic appearance of the wound at the postoperative second month (the scar is marked by a red arrow). (E) In the first year after surgery,
the F3 ureter catheter was passed through the ureteral orifice smoothly into the ureter, confirming no kicking in the ureter.

Figure 2D. On the first year after surgery, all patients underwent  goal of POM is to relieve obstruction while establishing a new
cystoscopy for observation of the ureteral orifice again, and the and effective antireflux mechanism. The primary minimally
F3 ureter catheter was passed through the ureteral orifice invasive surgical approaches for the correction of an obstructed
smoothly into the ureter, which confirmed no kicking in the  megaureter that were used so far and are still used today are
ureter, as shown in Figure 2E. The trends of variations in the laparoscopic extravesical reimplantation and the pneumovesical
ureteral diameter, APRPD, and calyceal diameter at the laparoscopic approach (8, 9). Pneumovesical laparoscopic
preoperative and 1-year postoperative time points are shown in  approaches such as Cohen and Leadbetter are often technically
Figure 3. The trends of renal cortex thickness and DRF variation  challenging and require a long curve, even for the most
at the preoperative and 1-year postoperative time points are  experienced laparoscopic surgeons. In infants and fat adolescents,
shown in Figure 4. they are often more challenging due to the small bladder volume
and thickness of the abdominal wall (10, 11). In recent years, the
robot-assisted laparoscopic platform with a stereoscopic vision
Discussion and flexible arms has provided a new opportunity for the
laparoscopic extravesical approach for POM.
According to the International Classification of Diseases, Two robotic-assisted laparoscopic ureteral extravesical
congenital megaureter can be classified either as obstructed and  reimplantation methods for the treatment of POM have been
refluxing or as unobstructed and unrefluxing (7). The treatment  described in recent studies. One is robotic-assisted extravesical

TABLE 2 Comparison of the preoperative parameters and 1-year postoperative parameters.

Ureteral diameter (mm), | Calyceal diameter (mm), APRPD (mm), Renal cortex DRF %,
mean + SD mean + SD mean £ SD (mm) thickness (mm) mean + SD
Preoperative 18.83+3.21 13.99 +3.58 34.92+4.25 3.63 + 1.66 33.75+2.77
First-year postoperative 6.83+1.27 3.5+£2.90 10.08 +1.88 5.67+1.88 37.50 £ 1.31
d 12.00 +2.52 10.49 +4.20 24.83+3.19 2.14+0.60 375+ 171
t 12.30 8.638 18.501 —12.168 —4.24
P <0.001 <0.001 <0.001 <0.001 <0.001
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Trends in variations in ureteral diameter, APRPD, and calyceal diameter at the preoperative and one-year postoperative time points.

cross-trigonal ureteral reimplantation (12, 13). In 2020 (13),
Neheman et al. described a novel surgical approach in the
pediatric population and found that anastomosis was more
ergonomic when performing a horizontal detrusorrhaphy, as
opposed to a vertical one, and the submucosal tunnel was easier
to extend. But the technique also had disadvantages in the form
of challenges with endoscopic ureteral intubation during follow-
up, if needed, postoperative cytoplasm, and urinary retention.

The other method is robotic-assisted extravesical Lich-Gregoir
ureteral reimplantation, which is mainly used in high-grade VUR
surgeries (14, 15). We reviewed the currently published literature
on robot-assisted laparoscopic ureteral reimplantation (RALUR)
and found that the VUR resolution rates widely ranged from
66.7% to 100%, which may be attributed to a submucosal tunnel
of insufficient length (15).

In this investigate, we implemented a new method by
maintaining the vertical submucosal tunnel in the Lich-Gregoir
technique and adding ureteral direct nipple implantation to
produce an antireflux effect. As indicated by previous reports,
traditional ureteral nipple implantation is not convenient to
perform in adults (16, 17). Al-Shukri and Alwan (18) first
reported direct nipple ureteroneocystostomy in adults with a
ureteral stricture (19). In 2014, Fu et al. also used this method in
robot surgeries in adult megaureters. In our new technique, we
used this method in the pediatric population. In all 12 children
in our study, the new ureteral orifice automatically acquired a
papillary shape upon cystoscopy 2 months after surgery. At the
postoperative first year, the ureteral diameter, calyceal diameter,
and APRPD were found to be significantly smaller than at the
preoperative period. There was a significant increase in renal
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Trends in variations in renal cortex thickness and DRF variation at the preoperative and one-year postoperative time points.
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cortical thickness and DRF percentage. The resolution rate of
obstruction was 100% and no child developed DeNovo VUR on
VCUG. The results of the postoperative tests showed that this
strategy was simple, safe, and feasible. In particular, the ureteral
direct nipple implantation also shortened the anastomosis time,
and the vertical submucosal tunnel remained in the physiological
direction of the ureter, which was confirmed by the smooth
passage of the 3F ureteral catheter upon cystoscopy at the
postoperative 1-year period.

According to research by Leissner et al. of human cadaver
dissection, the main portion of the pelvic plexus is located at
about 1.5 cm dorsal and medial to the ureterovesical junction.
The bundles of the pelvic plexus end at the distal ureter, trigone,
and rectum (20). The oblique detrusor tunnel designed in the
Lich-Gregoir technique may help preserve the neurovascular
bundles and avoid potential voiding issues such as urinary
retention during mobilization of the ureter.

Traumas experienced by children will get magnified as they
grow up. That is why minimally invasive surgery has gradually
become the mainstream treatment in the pediatric population in
recent years. Unlike the four scattered wounds (three robotic
port wounds and one assisted laparoscopic port wound) in the
abdomen wall (21, 22), the wounds created by the single-site-
plus-one technique are concentrated and hidden around the
umbilical cord, which are more concealed when children grow
up. When 5 mm robotic arms or the Da Vinci SP system are
used by Chinese surgeons in the future, there is a possibility that
all robotic arms are concentrated in a single-site port to realize a
successful single-site robot-assisted surgery.

Conclusion

The technique of modified Lich-Gregoir ureteral direct nipple
extravesical reimplantation can help maintain the physiological
direction of the ureter and at the same time enhance the
effectiveness of antirefluxing in robotic surgery. The design of a
single-port-plus-one wound can produce a cosmetic appearance
by concentrating and hiding the wound around the umbilicus.
This modified reimplantation procedure has the potential to
become a promising surgical technique in the robot-assisted
treatment of POM.
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Martin Smrek’, Pavol Vitovi¢?, Miroslava Laurovi¢ovad’®,
Tomas Bernat’ and Barbora Nedomova®*

'Department of Pediatric Surgery, Faculty of Medicine, Comenius University and National Institute of
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Background: Thoracoscopic repair of esophageal atresia (EA) and tracheoesophageal
fistula (TEF) poses significant technical challenges. This study aimed to develop an
inexpensive, reusable, high-fidelity synthetic tissue model for simulating EA/TEF
repairs and to assess the validity of the simulator.

Methods: By using 3D printing and silicone casting, we designed an inexpensive
and reusable inanimate model for training in thoracoscopic EA/TEF repair. The
objective was to validate the model using a 5-point Likert scale and the
Objective Structured Assessment of Technical Skills (OSATS) to evaluate
participants’ surgical proficiency.

Results: A total of 18 participants (7 medical students, 4 pediatric surgery trainees,
and 7 experienced surgeons), after being instructed and trained, were asked to
perform TEF ligation, dissection, as well as esophageal anastomosis using six
sliding knots on the EA/TEF simulator. All participants in the expert group
completed the task within the 120-minute time limit, however only 4 (57%)
participants from the novice/intermediate completed the task within the time
limit. There was a statistically significant difference in OSATS scores for the “flow
of task” (p=0.018) and scores for the “overall MIS skills" (p=0.010) task
distinguishing between novice and intermediates and experts. The simulator
demonstrated strong suitability as a training tool, indicated by a mean score of
4.66. The mean scores for the model's realism and the working environment
were 4.25 and 4.5, respectively. Overall, the face validity was scored significantly
lower in the expert group compared to the novice/intermediate groups (p =
0.0002).

Conclusions: Our study established good face and content validity of the
simulator. Due to its reusability, and suitability for individual participants, our
model holds promise as a training tool for thoracoscopic procedures among
surgeons. However, novices and trainees struggled with advanced minimally
invasive surgical procedures. Therefore, a structured and focused training
curriculum in pediatric MIS is needed for optimal utilization of the available
training hours.

KEYWORDS

oesophagus, minimally invasive surgery (MIS), thoracoscopic surgery, oesophageal atresia
(EA), laparoscopic training, synthetic tissue, models, simulation
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Introduction

Pediatric surgeons have shown growing interest in minimally
invasive surgery (MIS) for esophageal atresia with distal
tracheoesophageal fistula (EA/TEF) since the initial successful
thoracoscopic repair performed by Rothenberg in an infant with
EA/TEF (1). Performing thoracoscopic repair for EA/TEF poses
technical challenges and remains an unfamiliar procedure for
numerous pediatric surgeons. Furthermore, the majority of
infants undergoing EA/TEF repair are exceptionally small at the
time of surgery, resulting in a confined and narrow surgical field
that presents considerable technical difficulties for the surgeons.
MIS in infants involves a challenging learning curve when it
comes to suturing techniques and tissue manipulation. This
learning curve often translates to extended operative times until
surgeons attain full expertise in these skills (2). Specifically,
suturing techniques pose significant challenges, especially in
pediatric patients, because of the smaller tissue size and the
restricted abdominal space for maneuvering instruments (3). On
the other hand, pediatric surgeons often spend a significant
portion of their careers waiting to perform certain procedures.
The stakes with pediatric patients are so high that usually only
the most experienced specialists are allowed to perform these
procedures, creating a gap. Thus, a gap is created when
experienced surgeons in the middle of their careers become
frustrated while realizing they have so much further left to go.
They realize they are expected to sit and wait until it is finally
their turn.

Simulation has proven to be a fundamental tool in surgical
education (4). In recent years, shortening of the learning curve
has been demonstrated by implementing of wide range of
surgical models (5-7). Due to the possibility of repeating the
simulation, both the surgeons and residents have the great
opportunity to learn surgical techniques, or particular steps, with
the possibility of making mistakes, practice abilities and
procedures in standardized and supervised situations (8). Ideally,
should enable the deliberate,
participatory practice of neonatal MIS operative steps. This

simulation repetitive, and
practice should utilize a validated model capable of identifying
and correcting performance errors (9-11). Similarly, it should
determine when the required skills have been acquired with a
reliable degree of accuracy (12). The integration of three-
dimensional (3D) printing technology and imaging data from CT
and MRI scans has unveiled new possibilities in crafting high-
fidelity laparoscopic simulators. These simulators accurately
replicate, to scale, the environment encountered in neonatal
surgery (10). This technology is potentially more cost-effective
and avoids the ethical issues associated with using cadaveric and
animal tissues. It is believed that due to current technological
advances the future models will likely be both of high fidelity
and low cost (12). Conversely, inanimate simulation models,
especially those considered low-fidelity, are thought to lack the
realism found in more sophisticated counterparts. However,
research suggests that increased realism in a simulator doesn’t
necessarily correlate with improved learning outcomes. This
prompts questions about the justification of the added costs
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associated with  high-fidelity
comparable knowledge and skill outcomes can be attained with

simulators, especially when
more budget-friendly alternatives (13, 14). The objective of this
study was to introduce and validate an inexpensive, reusable
inanimate model designed for training in the thoracoscopic
repair of EA/TEF.

Methods
Simulator development

The esophageal atresia model was developed using a
combination of FDM (fused deposition modeling) 3D printing
and casting of platinum-cured silicone. Initially, a CT scan was
utilized to segment a child’s spinal column along with the
ribcage, scapula, and clavicles using 3DSlicer. The resulting STL
file (a format for saving 3D models) was then modified in
Blender3D to incorporate internal fixtures for the esophageal
pouches and trachea (Figure 1). In total, the 3D-printed
components consist of three models: a baseplate onto which the
other two parts securely attach to prevent any unwanted
movement, a ribcage model, and an internal fixator model
(Figure 2). The printing process took slightly less than 24 h to
complete using a Prusa i3 MK3S printer set to a layer height of
200 micrometers, with the spinal column positioned facing
upwards. A total of 178 g of Prusament PLA (priced at 30 Euro
per kilogram) was used, resulting in a 3D filament cost of 5.00
Euro. For crafting the silicone esophagus, an FDM printer was
also employed to produce two molds made of PLA plastic—one
for the distal pouch and another for the proximal one. These
molds, when filled with silicone, enabled the creation of a hollow
tube with a wall thickness of under 2mm. The silicone was
prepared by blending two components (A and B) along with a
designated silicone dye (Figure 3). Power-mesh was integrated
into the silicone mixture to prevent tearing during suturing. The
curing process of this silicone takes up to four hours, which
meant that several days were required to complete the task and
produce an adequate number of esophagus models and pouches

FIGURE 1

Process of segmentation: CT scan was utilized to segment a child’s
spinal column along with the ribcage, scapula, and clavicles using 3D
slicer.
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FIGURE 2

3D-printed components consist of three models: a baseplate, to which
the other two parts securely attach to prevent any unwanted
movement, a ribcage model, and an internal fixator model.

(Figures 4, 5). To simulate human skin, the same silicone and dye
were used, poured loosely into a rectangular mold (25 x 25 cm)
with a height of 1 mm and lined with power-mesh. The bottom
surface of the mold was composed of synthetic leather, which
imprinted a skin-like texture onto the skin imitation (Figure 6).

Participants

The current study was conducted between October 2022 and
August 2023 at the National Institute of Children’s Diseases in
Bratislava, Slovakia. All participants were anonymized and

FIGURE 3

For crafting the silicone esophagus, an FDM printer was also employed
to produce two molds made of PLA plastic—one for the distal pouch
and another for the proximal one. The diameter of the proximal
esophagus was 10 mm, while the distal esophageal pouch measured
7 mm in diameter.

FIGURE 4

Esophageal stumps are created using silicone, which is poured into a
mold generated by a 3D printer. We determined the oesophagus’s
diameter by measuring the actual width from the initial x-ray image,
with a nasogastric tube inserted.

categorized as novice, intermediate, and expert based on their
previous training and experience levels. Novice participants were
defined as medical students in their fifth year of medical study.
Intermediate participants were identified as pediatric surgical
trainees in the 4th, 5th and 6th years of training. Expert
participants were characterized by having a minimum of 15 years
of experience in pediatric surgery. Prior to attempting the trial,
every participant viewed brief instructional videos and
accompanying written guidelines for each task. During each trial,
participants were also given straightforward instructional cues.
reiterated

Furthermore, simple instructional

throughout each trial. The tasks included:

cues were

a) Closure of TEF using a single sliding knot suture
b) Division of TEF
¢) Opening of the upper esophageal pouch

FIGURE 5
Internal part EA/TEF model ready for training. Silicone esophagus can be
changed by one person in 5 min.
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FIGURE 6
The surface of the chest model covered with silicone skin.

d) Esophageal anastomosis involving three sliding knots on the
back side and three on the front side. The anastomosis was
performed intracorporeally in simulator All participants’
attempts at these tasks were recorded and saved for
subsequent analysis.

Throughout the procedures, SZABO-BERCI-SACKIER

Laparoscopic Trainer was used. This laparoscopic trainer

contains diaphragms at the typical puncture sites and a flexible
endoscope holder that provides the surgeon with the ability to
manipulate instruments with both hands. This trainer was
borrowed for the purpose of this study from the RADIX
MEDICAL Ltd. team (exclusive distributor of KARL STORZ in
Slovak republic).

Assessments and parameters examined

After each procedure, four parameters were assessed:

« Surgical time: This metric measured the time taken from the
entry of instruments into the simulator until the completion
of the last sliding knot.

o Objective structured assessment of technical skills (OSATS):
Performance during the simulated tasks was evaluated using the
OSATS methodology. Each individual trial was recorded and
later reviewed by three independent expert pediatric surgical
consultants who were blinded to the identity and skill level of
each participant. A modified OSATS scoring system was
utilized to grade each trial on various aspects, including
dexterity, flow of task, spatial orientation, needle holding,
instrument movement, sliding knots performing, MIS skills, and
overall performance. Scores ranged from 1 (inexperienced) to 5
(expert) for each aspect, resulting in a total score range of 8-40.
The examiners maintained their blindness to participant
identity and skill level throughout the assessment process.

o Participants’ feedback: A Likert scale questionnaire was
employed to gather participant feedback, with responses
ranging from 1 to 5, addressing the following parameters:

o Face validity
a) Realism of the model
b) Haptic feedback on materials
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« Content validity: Assessing the value and suitability of the
model as a training tool.
o Overall impression
a) Utility as a simulator
b) Utility for training in thoracoscopic EA/TEF repair
¢) Utility as training and educational tools
o Quality of the anastomosis: This aspect involved a blinded
analysis in each model, evaluating the number of sufficient
knots, luminal passage, and anastomosis strength under tension.

Each model was reviewed by two independent expert pediatric
surgical consultants who were blinded. The goal of this analysis
was to assess the number of sufficient knots (the task involved
creating 6 knots around EA). Luminal passage evaluation was
performed using flexible endoscopy. To measure the strength of
the anastomosis under tension, we employed a spring force
meter, applying a tensile force of 250 g (equivalent to 2.5 N). We
deemed the anastomosis successful if it could withstand a tensile
force of 2.5 N (Figures 7, 8).

Trial study

Initially, each participant was allowed to train basic and
(needle holding, sliding knot
suturing) according individually experience. This training was

advanced laparoscopic = skills

tailored to individual experience levels. Laparo Adavance
(LAPARO Sp. z o.0. Poland, European Union) and Laparo
Analytic (LAPARO Sp.

simulation tool was used for training (Figure 9).

z 0.0. Poland, European Union)

Throughout the procedures, Karl Storz laparoscopic equipment
and recording devices were utilized. The surgical instrument setup
included a 5-mm telescope at a 30-degree angle and 3-mm
instruments (grasper, needle holder, and scissors). Surgipro 5/0
(polypropylene) thread was used for the continuous sliding knot
sutures for the EA/TEF repair.
procedures were followed. Each task commenced by initiating

Standard port placement

computer video recording and inserting a 30° 5 mm laparoscopic
camera into the simulator. Subsequently, participants introduced
their specific tools through standardized pre-made punctures in
the silicone skin cover. The model was utilized to simulate the
thoracoscopic EA/TEF repair. Only the internal silicone pouches

FIGURE 7
Model prepared for analysis.
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FIGURE 8
EA/TEF model in simulator
anastomosis).

(after proximal and distal pouches

required replacement after each wuse, incurring a cost of
approximately 5 Euros per participant. Between participants, the
model could be prepared for reuse in less than 10 min.

Statistical analysis

Statistical analyses were performed with SPSSv25 software
(IBM, NY, USA). All values were represented as mean with the
standard deviation. The Mann-Whitney U test and one-way
ANOVA were used to ascertain significant differences between
groups. A nominal significance level of 0.05 was adopted.

Results

The study received approval from the hospital ethics
committee. Eighteen participants were enrolled in the study, with
a median age of 33.5 years (interquartile range: 20-59). Among
the participants, 7 (39%) were female, and 17 (94%) were right-
hand dominant. The participant distribution included 7 (39%)
medical students classified as novices, 4 (22%) intermediate

FIGURE 9
Basic/advanced laparoscopic training.
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(pediatric surgery trainees with fewer than 20 minimally invasive
surgeries of experience), and 7 (39%) experienced individuals
with over 15 years of expertise in pediatric surgery. In the expert
group, all participants successfully completed the task within the
allocated 120-minute timeframe. However, only one participant
from the novice group and 2 (50%) form the intermediate group
managed to complete the task within the time limit. Notably, the
time taken to complete the attempt was longer in the
intermediate and novice groups compared to the expert group
(p=0.006). Five (71%) medical students managed to finish the
task involving TEF closure with a single sliding knot. However,
they lacked the skill to perform end-to-end anastomosis using
sliding knots. In the group of inexperienced surgeons, 2 (50%)
were able to complete all three tasks (Table 1).

All participants in the expert group managed to complete all
three tasks, however, when examining the quality of the
anastomosis, it was revealed that only 5 (71%) models in the
expert group had a sufficient number of knots. The adequacy of
anastomosis strength under tension was observed in 4 (57%)
models, whereas one anastomosis was too tight for effective
lumen passage.

Quality of the anastomosis

A total of 10 models with esophageal anastomosis were
evaluated. Among these models, there were 1 novice, 2
intermediate, and 7 experienced participants. Out of the 10
models assessed, only 5 demonstrated sufficient anastomosis with
6 stitches each, and all of these models were from the expert
group. In the case of the other models, either the stitches were
missing before the evaluation, or they had become loosened
(untied) during the assessment. The adequacy of anastomosis
strength under tension was observed in 4 models (using tensile
force of 2.5N), whereas one anastomosis was too tight for
effective lumen passage (using flexible endoscope). Nine models
could be evaluated by passage with a flexible endoscope (luminal
passage was possible).

Experienced surgeons achieved a higher total OSATS score
compared to the inexperienced group, consisting of novices and
intermediates (18 (15-23) vs. 15.6 (7-22), p=0.313); however,
this difference did not reach statistical significance. Notably, there
was a statistically significant discrepancy in OSATS scores for the
flow of task’ (p=0.018) and 'MIS skills’ (p=0.010) tasks,
effectively distinguishing between novices/intermediates and
experts. While experts tended to score higher than novices and
intermediates for each task, this trend did not achieve statistical
significance, likely reflecting the study’s statistical power (Table 2).

Content validity

Using a 5-point Likert scale, the majority of participants
expressed the view that the 3D synthetic model of EA/TEF serves
as a suitable training tool (mean: 4.68). Almost all participants
believed there is a role for simulation-based training and
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TABLE 1 Participant characteristics.
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Level of Total number of | Mean age MIS Completed TEF Completed all 3 tasks | Mean operating
training/ participants year (SD) procedures/ | ligation and division within time limit time (min)
expertise year (120 min)

Novice 7 22 (0.95) 0 5 (71%) 1 (14%) 142 (101-188)
Intermediate 4 30 (0.95) <20 4 (100%) 2 (50%) 93 (70-109)
Expert 7 485 (6.16) >20 7 (100%) 7 (100%) 73 (57-95)

educational training (mean: 4.62). When evaluating the content
validity of TEF dissection/ligation and sliding knot anastomosis
between esophageal pouches, the experienced group provided
realistic mean scores of 4.12 and 4.14, respectively.

Face validity

For assessing face validity, the experienced group responded to
a series of questions aiming to rate the realism of different aspects
of the simulator using a 5-point scale. The mean scores for the
realism of the model and the working environment were 4.25
and 4.5, respectively. The haptics of the esophageal pouches
received the lowest score (3.75). Interestingly, the experienced
group scored significantly lower than the novice /trainee’s group
for 'TEF caliber’ (3.57 vs. 422, p=0.002) and ’proximal
esophageal pouch caliber’ (3.71 vs. 4.55, p=0.003). Overall, the
face validity was scored significantly lower in the experienced
group compared to the inexperienced group (p=0.0002). In
terms of the overall impression, the highest ratings in the
physical attribute’s domain were for the overall impression and
the usefulness of the tool as a simulator, with mean scores of
4.66 and 4.75, respectively. A comprehensive breakdown of
responses from all participants can be found in Table 3.

Discussion

Across the globe, there is a growing adoption of MIS
techniques in pediatric surgery, with these methods becoming
the preferred standard for specific indications. As a result, there
is an increasing demand for laparoscopic surgeons who are not
only well-trained but also certified to address this expanding
requirement (15, 16). MIS poses greater technical challenges
compared to conventional open surgery, with a heightened risk
of complications, particularly during the initial stages of

TABLE 2 OSATS scoring results.

experience (17). The demand for pediatric surgical simulators
appears to be increasing as a consequence of the rarity of several
(e.g, EA), and the limited
opportunities the trainees have to acquire the demanded

complex neonatal conditions

technical skills on actual neonates. Simulation can be of low or
high fidelity, according to how closely it resembles real life (10).
The degree of fidelity should align with the specific task and the
stage of training that the participant is in (11). The combination
of three-dimensional (3D) printing technology and imaging data
from CT and MRI scans has created new possibilities for
developing high-fidelity laparoscopic simulators. These simulators
can accurately replicate, to scale, the environment encountered in
neonatal surgery (12). Nair et al. created and validated with
using 3D modeling and printing high fidelity model with the
exactly size and shape of neonatal chest. They demonstrated
construct validity for two basic “foundation” tasks: ring transfer
and needle pass. They concluded, that complex tasks such as
intracorporeal suturing will be needed for training and assessing
more experienced surgeons (18). Our study showcased that in
more intricate tasks, such as intracorporeal suturing involving
sliding knots, the capability to distinguish between medical
students and trainees, as well as between trainees and experts,
was particularly effective. It’s plausible that surgeons in training
already possess good spatial awareness and experience in
minimally invasive surgeries; however, they may lack proficiency
in intracorporeal suturing. Simulation offers the advantage of
being conducted in a low-risk setting outside of the operating
theater, eliminating any potential harm to patient safety.
Participants can utilize validated models to practice specific tasks
or the entire procedure in a deliberate and repetitive fashion
within a secure and cost-effective learning environment (19).
Assessing surgical skills in an objective manner presents
challenges. Previous research has documented validated simulator
metrics, encompassing factors such as time elapsed, the overall
count of movements, and the cumulative path length. These
metrics were subject to objective evaluation through specialized

Novices (n=7) Intermediate (n =4) Expert (n=7) p-value
Dexterity Median (range) 2 (1-3) 2.75 (2-3) 2.3 (2-3) 0.209
Flow of task Median (range) 1.86 (1-3) 3.25 (3-4) 2.57 (2-4) 0.018
Spatial orientation Median (range) 2.23 (1-4) 3 (2-4) 3.14 (2-4) 0.230
Needle holding Median (range) 2.14 (1-3) 2.5 (1-4) 2.71 (2-4) 0.579
Instruments movement Median (range) 1.85 (1-3) 2.75 (2-3) 2.71 (2-4) 0.100
Sliding knots Median (range) 1.57 (1-3) 2 (1-3) 1.71 (1-3) 0.684
MIS skills Median (range) 142 (1-3) 2.5 (2-3) 2.57 (2-3) 0.010
Overall score Median (range) 13 (7-22) 18.75 (15-22) 18 (15-23) 0.074
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TABLE 3 Model validation: results from the Likert Scale Survey (n =17).

10.3389/fped.2023.1286946

Noucemtemedite (111 bpet (1= Overal 119

Face validity (mean score [SD])

Realism of the model (mean score [SD])

3D neonatal thorax model (working environment) (mean score [SD])
Proximal esophageal pouch caliber (mean score [SD])

Distal esophageal pouch caliber (mean score [SD])

TEF caliber (mean score [SD])

Haptic feedback on materials (mean score [SD])

General appearance (mean score [SD])

3D neonatal thorax model (working environment) (mean score [SD])
Proximal esophageal pouch (mean score [SD])

Distal esophageal pouch caliber (mean score [SD])

TEF caliber (mean score [SD])

Content validity (mean score [SD])

Value and suitable as a training tool (mean score [SD])

TEF dissection and ligation (mean score [SD])

EA anastomosis (mean score [SD])

Overall impression (mean score [SD])

Useful as simulator (mean score [SD])

Useful as thoracoscopic EA with TEF training tool (mean score [SD])

Useful as training and educational tool (mean score [SD])

systems integrated within a simulator environment (20, 21). These
metrics are valuable and can be readily evaluated through
simulators. However, these assessments are cumulative in nature,
aiding trainees in developing a tangible comprehension of their
(22).
gathering participant opinions, whereas objective measures are

technical skills Subjective validation methods involve
commonly employed in experimental studies. Subjective methods
typically include face, content, referent, and expert validity,
requiring participants to complete surveys about their experience
with the model. On the other hand,
encompass construct, discriminative, concurrent, criterion, and

objective approaches

predictive validity (23). It is widely acknowledged that simulators
must undergo validation prior to their successful integration into
educational initiatives. Wells et al. documented the development
of a fully synthetic simulator for Thoracoscopic Esophageal
Atresia/Tracheo-Esophageal Fistula. They noted that with each
design iteration, the model’s fidelity and validity improved. In
their final version of the simulator, the recorded average scores
were as follows: value as a training tool (4.8), relevance (4.6),
physical attributes (4.5), realism of material (4.25),
experience (4.17), and ability to perform tasks (3.77) (24). "We
employed a commonly used 5-point Likert scale for the

realism

validation of our model. The calculated mean overall impression
score was 4.6, indicating a generally positive perception across all
participants. However, there was no statistically significant
difference observed between the study groups concerning this
overall impression score.

Conversely, we identified a significant disparity between the
study groups in terms of face validity and content validity. This
discrepancy underscores that the groups displayed contrasting
views regarding the relevance and accuracy of the evaluation.

In summary, although no substantial divergence was noted
between the study groups in relation to the mean overall
impression score, we did observe significant variations concerning
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4.44 (0.61) 3.8 (0.79) 4.16 (0.79) 0.0002
4.33 (0.4) 4.14 (0.57) 4.25 (0.83) 0916
4.66 (0.51) 4.28 (0.95) 4.5 (0.71) 0.07

4.55 (0.69) 3.71 (0.75) 4.18 (0.78) 0.003
4.44 (0.70) 3.57 (0.53) 4.06 (0.78) 0.035
422 (1.15) 328 (0.48) 3.81 (1.05) 0.002
4.13 (1.03) 3.77 (0.75) 3.97 (0.93) 0.05

4.33 (1.07) 4 (0.75) 4.17 (0.94) 0.015
4.33 (0.84) 4.14 (0.89) 4.25 (0.84) 0.285
3.88 (1.23) 3.57 (0.78) 3.75 (1.04) 0.035
3.88 (1.10) 3.57 (0.78) 3.75 (0.97) 0.003
422 (0.82) 3.57 (0.53) 3.93 (0.79) 0.836
4.52 (0.89) 4.28 (0.78) 4.41 (0.84) 0.003
4.77 (0.67) 4.57 (0.54) 4.68 (0.66) 0.264
4.33 (0.96) 4.12 (0.89) 4.25 (0.91) 0.090
4.44 (1.05) 4.14 (0.89) 4.31 (0.97) 0.039
4.70 (0.31) 4.62 (0.53) 4.66 (0.43) 0.07

4.88 (0.31) 4.57 (0.54) 4.75 (0.44) 0.061
4.66 (0.51) 4.57 (0.53) 4.63 (0.51) 1.000
4.55 (0.51) 4.71 (0.48) 4.62 (0.49) 0.529

face validity and content validity. These findings provide valuable
insights into how the study groups perceived the evaluation and its
alignment with its intended purpose. The model received favorable
assessments from a group of young and enthusiastic pediatric
surgeons, as well as medical students with an interest in enhancing
their minimally invasive surgical skills. High ratings were assigned
to its usefulness as both a simulator and an educational tool for
training purposes. The hands-on session was deemed very
beneficial, with strong recommendations from the participants to
other pediatric surgeons. The results from face and content
validity assessments suggest that our 3D inanimate model of EA/
TEF is likely to be well-received by both experts and trainees as an
effective training tool. It is recommended that future studies delve
into the model’s training capabilities. Given its cost-effectiveness,
reusability, and easy replacement for each participant, our model
appears to hold significant potential as a thoracoscopic training
device for surgeons. Simulation-based assessment is a crucial
aspect of surgery, aiding in the acquisition of new skills and the
achievement of improved surgical outcomes. The OSATS score
facilitates a detailed analysis of surgical success (25, 26). The tool
in question has achieved widespread usage and seeks to minimize
the biases associated with subjective performance assessment. In
this study, the tool was adapted to focus on specific aspects
including dexterity, task flow, spatial orientation, needle handling,
instrument movement, sliding knots performing, MIS skills and
overall thoracoscopic skills. The results obtained from various
participants exhibited similarities, but the most experienced
surgeon, who had accumulated more hours of minimally invasive
surgical training and conducted more monthly laparoscopic
procedures, achieved the highest outcome.

“While a trend was observed for experts to achieve higher scores
than novices and intermediates in each task, this difference did not
attain statistical significance. This lack of significance is likely
attributed to the restricted training on simulators within the
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experienced group.” There was a statistically significant difference in
OSATS scores for the “flow of task” and scores for the “MIS skills”
task distinguishing between novice and intermediates and experts.
Nair et al. developed a fully synthetic 3D printed neonatal
thoracoscopic simulator and aimed to establish its construct
validity. By employing the OSATS score, they assessed three
thoracoscopic tasks: ring transfer, needle pass, and incision of a
blind upper esophageal pouch (EA cut). Within the group of 23
participants, these tasks were particularly effective in distinguishing
between novices and experts, as well as novices and intermediates.
However, the differentiation between intermediates and experts was
not as pronounced. It’s plausible that ’intermediate’ surgeons
already possess a strong spatial awareness and a substantial level of
skill in needle manipulation. It could be reasonable to assume that
more complex tasks, such as intracorporeal suturing, might be
better suited for distinguishing between intermediate and expert
surgeons (18). Several models for training in minimally invasive
surgery (MIS) esophageal atresia (EA)
documented in the literature (13). The majority of these models are

repair have been
inanimate, but there is an exception with the model described by
Barsness et al,, which involved an inanimate casing combined with
fetal bovine tissue to replicate the organs involved in EA with
tracheoesophageal fistula (TEF) repair (27, 28). Maricic et al
developed an inanimate and affordable model for training in
minimally invasive surgery (MIS) for repairing esophageal atresia
with tracheoesophageal fistula (EA/TEF). They found a correlation
between the surgeon’s prior experience and their performance in
the model. This correlation was observed in terms of factors such
as operating time, quality of anastomosis, and peripheral tissue
damage (29). Barness et al. developed computer-aided drawings
(CAD) to design a synthetic and appropriately sized model for
esophageal atresia with tracheoesophageal fistula (EA/TEF). Their
study concluded that this simulator can effectively train pediatric
surgeons, particularly those in the early stages of their learning
curve, in performing thoracoscopic EA/TEF repairs.

Nevertheless, our study does possess certain limitations. Primarily,
the model was evaluated by a relatively small number of participants, a
common concern observed in trials involving pediatric simulators.
This issue is emphasized in the systematic review of simulation in
pediatric surgery (30). Another limitation to acknowledge is that the
study was conducted exclusively at a single center. Although this was
sufficient to establish statistical significance between the groups, it
should be noted that the experienced surgeon group was more
accustomed to open EA/TEF procedures. the experienced surgeon
group was more accustomed to open EA/TEF procedures. In the
intermediate group, none of the participants had prior experience
with thoracoscopic TEF repair in the past. In the expert group, 2
experts performed thoracoscopic TEF repair in the past, and all had
experience with advanced minimally invasive surgery (MIS) in
children and open EA/TEF procedure.

In conclusion, through a process of continuous improvement,
the study successfully showcased the value of a high-fidelity
model  for atresia/
fistula
expertise levels, including medical students, trainees, and experts,

simulation thoracoscopic  esophageal

tracheoesophageal repair. Participants from various

found the simulator to be realistic and relevant for pediatric
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surgical training. The study also identified areas where the model
could be enhanced, and these areas will be the focal points for
future refinements of the synthetic EA/TEF repair simulator.
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Percutaneous transthoracic
catheter drainage prior to surgery
In treating neonates with
congenital macrocystic lung
malformation presenting with
respiratory distress

Taozhen He', Xiaoyan Sun®, Dengke Luo’, Shiyi Dai', Miao Yuan',
Gang Yang', Kaisheng Cheng' and Chang Xu'™*

'Department of Pediatric Surgery, West China Hospital of Sichuan University, Chengdu, China, ?Health
Management Centre, West China Hospital of Sichuan University, Chengdu, China

Backgound: It is rarely seen that neonates with congenital macrocystic lung
malformation (CMLM) presenting with respiratory distress require emergency
intervention. No consensus has been achieved concerning the best policy facing
such condition. This study aims to evaluate the efficacy and safety of our
strategies in treating neonates with CMLM presenting with respiratory distress.
Methods: We retrospectively reviewed the data of six neonates with CMLM
presenting with respiratory distress from April 2020 to October 2022 for whom
drainage-prior-to-surgery strategy were adopted and favorable outcomes were
obtained. The relevant data was reviewed and analyzed.

Results: All the patients were prenatally diagnosed with congenital lung
malformation and postnatally as congenital macrocystic lung malformation via
CT scan. Each neonate accepted percutaneous thoracic catheter drainage prior
to surgery. The first and fifth neonates with macrocystic lung mass experienced
prompt open lobectomy and delayed thoracoscopic surgery due to failure of air
drainage, respectively. The other four patients obtained good drainage of the
large air-filled cyst, thus gaining the opportunity for elective thoracoscopic
surgery within median 45 days.

Conclusions: For neonates with macrocystic lung malformation presenting with
respiratory distress due to mediastinal compression, percutaneous thoracic
catheter drainage is worth a shot for elective thoracoscopic surgery due to its
feasibility and safety.

KEYWORDS

thoracic drainage, respiratory distress syndrome, congenital macrocystic lung

malformation, cystic adenomatoid lung malformation, neonates

Abbreviations

CMLM, congenital macrocystic lung malformation; PTCD, percutaneous transthoracic catheter drainage;
CPAM, congenital pulmonary airway malformation; EXIT, ex-utero intrapartum treatment; CVR, CPAM
volume ratio; CLM, congenital lung malformations.
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1. Introduction

Congenital lung malformations (CLM) are a group of
anomalies that are characteristic of pulmonary abnormalities,
including congenital pulmonary airway malformation (CPAM)
pulmonary sequestration, bronchogenic and lobar
in which CPAM

proportion. The majority of children diagnosed with CPAM are

cyst

emphysema, accounts for the largest

asymptomatic at birth, and elective pulmonary resection
beyond the neonatal period is recommended and associated
with favorable outcomes (1-5). In addition, there is a small
group of patients with macrocystic CPAM who have early
symptoms, manifesting as significant respiratory distress within
the neonatal period secondary to mass effects on the heart and
lungs (6-8). These neonates are supposed to undergo prompt
interventions after birth. Emergency surgery was the mainstay
for rescuing them despite a higher anesthetic risk (9-11).
Besides, od-transthoracic puncture and drainage of the large
cyst followed by elective surgery was once reported (12-14),
although rare, in the literature and resulted in excellent
The latter
stabilizing the neonates using a simple maneuver in emergency.

outcomes. seems to be more appropriate in
To verify this, we presented our experiences on macrocystic
CPAM neonates with respiratory distress and evaluated their
safety and efficacy and attempted to delineate an algorithm

based on our experiences and the literature.

2. Materials and methods
2.1. Study design and participants

A retrospective chart review was performed to evaluate the
congenital macrocystic lung malformation (CMLM) neonates
presenting with respiratory distress in the Department of
Pediatric Surgery, West China Hospital, Sichuan University,
from April 2020 to October 2022. The study was approved by
the Research Ethics Board of Sichuan University West China
Hospital. All subjects participating in the study gave written
informed consent. We included prenatally diagnosed CMLM
neonates presenting with progressive respiratory distress after
birth due to mediastinal shift and lung compression caused by
We those with
concomitant diseases that can also cause respiratory distress,

large space-occupying lesions. excluded
such as pneumonia, congenital cardiac anomalies, and upper
respiratory tract obstruction. Medical and operative records
were retrieved for data analysis. Patient data including sex,
weight, Apgar score, lesion size, CPAM volume ratio(CVR),
timing of respiratory distress onset, age at PTCD, age at
surgery, surgery type, time to discharge after surgery and
complications were extracted and analyzed. Postoperative
defined tube
to fistula,

persistent air leak (>7 days), major bleeding, and subcutaneous

complications ~ were as  pneumothorax,

dislodgement, failure drain, broncho-pleuric

emphysema.
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2.2. Techniques

2.2.1. Seldinger maneuver

After lidocaine infiltration a pigtail tube was used through
Seldinger manoeuvre, based on preoperative CT scan images.
Success of the PTCD maneuver was defined as continuous
drainage of trapping air from the lung cyst via the tube, and
complete relief of respiratory distress was obtained (SpO2
increase to above 95% without pure O2 uptake). Failure to drain
included (1) tube was placed in pleural cavity rather than in
large cyst and (2) Tube was placed in the cyst not connecting to
the bronchi. At this time, another attempt was reasonable.
Thoracoscopic lobectomy through the hilar approach was applied
in elective surgery, and thoracotomy in emergency surgery. The
details of lobectomy have been described in our previous study (15)

3. Results

A total of six patients were included. All of them were
prenatally diagnosed with CLM and classified as MCLM after
birth. They all undergo PTCD before surgery. All of the neonates
presented respiratory distress (ranging mild to severe)
immediately after birth. Neonates (Case 1 and 5) seemed to
respond well with respiratory support in the first one to two
weeks and underwent first PTCD at d 19 and d 8, respectively.
The remaining patients (case 2, 3, 4, 6) presented tachypnea (60
times per min above) and the SPO, could not be maintained
above 95% by oxygen mask ventilation. Therefore, they promptly
underwent PTCD on the first day after birth and obtained good
drainage of the large air-trapping cyst (Figure 1), thus gaining
the opportunity for elective thoracoscopic surgery in median 45
days (range from 35 to 60 days), during which lobectomy were
smoothly performed. In Case 1, the neonate experienced prompt
open lobectomy due to failure to place chest tube in the air-
trapping cyst after two PTCD attempts (Figure 2). This patient
obtained a rapid recovery with extubation on the 2nd day after
surgery and was discharged home on the 9th postoperative day.
In the 5th case, PTCD was performed twice with interim relief of
respiratory distress (Figures 3B-D). Pneumothorax occurred
after the second Seldinger maneuver, which indicated air from a
ruptured cyst entered the pleural cavity (Figure 3E), thetube was
removed and another one was inserted to drain the free air and
partial lung expansion was obtained (Figure 3F). However, the
mass effect of the macrocystic lung lesions did not seem to be
alleviated. So emergency thoracoscopic lobectomy was performed
on the 36th day after birth and favourable outcome was obtained.

Catheter dislodgement occurred 3 weeks after PTCD maneuver
in case 2 and 3 days after PTCD in case 6, respectively.
Replacement of chest tube were successfully performed and
maintained for a few weeks. They all recovered well, and the
relevant data are shown in Table 1. All patients were diagnosed
with macrocystic CPAM according to the pathological findings.
The follow-up (median 18 months) was uneventful. Literature
CPAM who underwent

concerning macrocystic neonates
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FIGURE 1

Radiological imaging of PTCD maneuvre in case 2. (A) Preoperative CT scan showed a large cystic lung lesion in the left lower lobe; (A-C) X-ray image
showed a large cystic lesion (blue arrows) in the right thoracic cavity; CT scan indicated that the cystic lesion was so large that mediastinal displacement
occurred; (D) Chest film demonstrated that a pigtail catheter (yellow arrow) was successfully placed in the lesional cyst; (E) Chest X-ray showed that the
lesional cyst (yellow arrow) was restored to its original size when the catheter (green arrow) dislodged out of it; (F) CT scan indicated suction catheter
(orange arrow) was successfully placed into the large cyst along the existing fistula in the thoracic wall.

emergency interventions because of mass effect was reviewed and  anesthetic risk, which, to some extent, may lead to an
listed in Table 2. unfavorable outcome. Lecomte B. et al. (10) reported 10 cases of
CPAM; two neonates with respiratory distress due to mediastinal

shift and polyhydramnios underwent emergency surgeries and

4. Discussions died of respiratory failure caused by infection on day 20 and by
air leak on day 15, respectively. Manuela and colleagues (19)

In fact, emergency thoracotomy worked as the most frequent  reported one neonate with disseminated bronchial crackles and
intervention (4, 6, 10, 11, 13, 16-20) with a relatively higher = productive cough who received two emergency surgeries and
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FIGURE 2

Radiological imaging of PTCD maneuvre in case 1. (A) Axial view of CT scan prior to puncture indicated a huge cystic lung lesion with septa in the right
thoracic cavity; (B) and (C) CT scan demonstrated the pigtail catheter (yellow arrow) was placed (first attempt) outside of the large cyst; (D) Chest X-ray
film displayed the tube was positioned into the thoracic cavity rather than the large cyst by second attempt.

died of sepsis. Elective resection in asymptomatic infants is advised
to reduce the risk of postoperative complications (2). Zheng et al.
(8) retrospectively reviewed 24 medical records of neonates who
underwent surgery for symptomatic CPAM from 2010 to 2020
and yielded excellent clinical outcomes after symptoms of
respiratory distress had adequately subsided. Moreover, elective
surgery allows thoracoscopic resection, which can provide a
shorter hospital stay, decreased postoperative pain and better
cosmesis (1, 3). In contrast, fifteen of eighteen neonates (83.3%)
from the obtained literature (including the current study)
underwent emergency thoracotomy rather than the thoracoscopic
approach, mainly due to the narrow thoracic space. The thoracic
cavity of the neonates would enlarge significantly within couple
of weeks, thus facilitating thoracoscopic surgery. In the literature
we reviewed, 17 of 18 (94.4%) newborns underwent lobectomy
instead of parenchyma-preserving surgery despite the great
compensatory potential of the residual lung. Unfortunately, there
was only one case (4) in which segmentectomy was performed,
thus complicating cystic remnant. Normally, it is a great
challenge for any surgeon to perform parenchyma-sparing
surgery on a neonate in an emergency setting. Although no lung-
sparing surgery was performed in this study, PTCD was regarded
as our preference for these neonates due to lower anesthetic risk

Frontiers in Pediatrics

and the latent benefits of elective surgery (thoracoscopic
approach and lung-preserving possibility). As a result, PTCD and
surgery was considered to be a better alternative to emergency
thoracotomy (2), which was supported by this case series.

In the literature, PTCD was performed on a clinical basis with
CT image navigation (13, 14) or under fluoroscopic guidance (20).
We considered it adequate for a skilled surgeon to perform this
maneuver based on CT images We looked back to case 1, in
which the PTCD maneuver should be deemed as failure, for the
catheter seemed to be placed outside of the cyst (probably inside
the pleural cavity, see Figures 2B,C). Therefore, to raise the
rate of PTCD,
placement is mandatory.

success radiological confirmation of tube

Indeed, PTCD of a lung cyst is different from thoracocentesis to
some degree. Most likely, the puncture needle can easily penetrate
the cyst wall. However, the pigtail tube could fail to advance along
the guidewire because the cystic wall is, unlike the thoracic wall,
elastic and unfixed while it advances. Retrospectively, the failure of
PTCD in case 1 could be attributed to this explanation. The
puncture site, angle and adequate depth of advancement are of
great importance. To avoid complications pertaining to lung injury,
the puncture point should be a proper surface site to which the
target cyst wall is mostly adjacent with the least lung parenchyma

frontiersin.org


https://doi.org/10.3389/fped.2023.1268028
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

He et al.

10.3389/fped.2023.1268028

FIGURE 3

Radiological imaging of PTCD maneuvre in case 5. (A) Preoperative CT scan showed a large cystic lung lesion in the left lower lobe, during which an
liquid-air level was noted; (B) and (C) The first and second post-PTCD radiological image both displayed little relief of mass effect, respectively; (D)
CT scan indicated the lung lesion was multicystic and could not be completely decompressed by the pigtail catheter (yellow arrow); (E) CT scan
shown pneumothorax occurred secondary to the 2nd PTCD; F: Chest X-ray indicated the air in the thoracic cavity was drained via catheter adjustment.

interposition between the inner thoracic wall and the cyst. The needle
should be perpendicular to the cyst surface. Oh SH et al. (20) reported
complications of PTCD in seven cases, including pneumothorax (n =
2), catheter displacement (n=1) and failure to drain (n=1). They
reported pneumothorax occurred due to use of a non-pigtail
catheter (chest tube or angiocatheter). Similar to the complications
of PTCD (n=1),
displacement (n =2), failure to drain (n=2) and broncho-pleuric
fistula (n=0) occurred in PTCD using pigtail catheter in the
current study. We noted that failing to drain both occurred in the

reported above, Pneumothorax catheter

two cases (case 1 and case 5), the former case had faster
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postoperative recovery than the latter one (time to discharge home
after surgery, 9 days vs. 17 days) even though open surgery was
performed in case 1. Maybe the duration of respiratory distress
prior to surgery (23 days vs. 36 days) could explain. We assume that
the shorter the duration of respiratory distress was, the less
impairment to the remaining lung was, the faster the neonate
recovered, which needs to be verified in further study.

Maintaining the chest tube after discharge needs careful
of
experienced tube

parental care to avoid a significant number severe

complications. this study, 2 babies
dislodgement, thus causing recurrence of respiratory distress.

In
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TABLE 1 Characteristics of CMLM neonates undergoing emergency PTCD and/or surgery in current study.
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OL, open lobectomy; TL, thoracoscopic lobectomy; LUL, left lower lobe; RLL, right lower lobe; RUL, right upper lobe; LLL, left lower lobe; FU, follow up.
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Fortunately, the respiratory symptom relieved again by reinserting
another tube along the external opening of the fistula at the
thoracic wall, which lasted couple of weeks prior to surgery. To a
certain degree, we overestimated the parents’ nursing abilities in
securing the chest tube at home for a long time (4-8 weeks).

Although Oh SH, et al. (20) reported that the mean time
between PCTD and surgery was 4 days only, they all
underwent open lobectomies, which meant greater trauma and
potential long-term complication such as chest wall deformity
and scoliosis. Narrow thoracic space is an obstacle of
thoracoscopic surgery, therefore, we expect the babies to gain
more weight, greater thoracic cavity and more mature lung
(better tolerating the anesthetic risk), thus facilitating the
thoracoscopic surgery. Just as one coin has two sides, although
the babies staying at home with chest tube in the body take
more risk (hemothorax or dislodgement of chest tube) to a
certain extent, the time to discharge home in the current study
is shorter (median 8 days vs. 13 days). Beside, the parents
strongly requested for thoracoscopic surgery for their babies
after full consideration. As such, to decrease the take-tube-
home risk, several conditions should be met. Firstly, the
parents’ compliance should be good enough to master some
nursing techniques. Secondly, the patients’ home are not far
away from the clinics or hospitals where professional medical
care are available in emergency. Thirdly, the time of staying
home with tube-in-the-body should not be within 1 month
depending on the parents’ compliance.

It is worth mentioning that Cass DL and colleagues (21)
reported that nine prenatally diagnosed CLM newborns
comprised of five cystic masses (all macrocystic CPAM) and four
solid masses with persistent mediastinal compression treated with
ex-utero intrapartum treatment (EXIT) were well discharged at a
median of 10 d postoperatively. Similar to the strategy we
adopted, EXIT is, to some degree, equivalent to an elective
(prophylactic) surgery with full preparation for neonatal delivery
and establishment of the respiratory tract prior to dissection of
the umbilical cord, thus preventing neonatal respiratory distress.
EXIT-to-resection
multidisciplinary cooperation, which is generally integrated into a

However, conducting an requires
tertiary medical center with advanced equipment and specialists,
which is not suitable for primary-level medical institutions. In
other words, the PTCD procedure could be deemed a first-aid
intervention in basic medical units with a higher benefit-risk
ratio. Based on our experiences and the literature, an algorithm
of neonatal CMLM with respiratory distress was delineated
(Figure 4), which could be referenced by others.

Several caveats regarding this study should be acknowledged.
Firstly, this was a retrospective, single institution series with a
relatively short follow-up period (median 18 months). Secondly,
the study population was rather small due to the low morbidity
rate. Thirdly, a lack of control will no doubt degrade the
evidence level of this study. Last but not least, since the majority
of neonatal units’ standard policy is to remove the chest tube
before discharge, the clinical algorithm mentioned in this study
can not be referenced in many low and middle income countries.
Despite these limitations, this was the first paper that exclusively

frontiersin.org


https://doi.org/10.3389/fped.2023.1268028
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

10.3389/fped.2023.1268028

He et al.

'sisdas Jo paldg

"Reanoadsal ‘GT Aep uo xea) Jie Aq pue oz Aep uo uonoajul Ag pasned ainjiey Aiojesidsal Jo paid,
‘uonoasas bun) pajeuonoely pue UoONIasal abpam ‘Awoydsiuswbas ‘Auoydago) bulpndul Aisbins usdo,

"Apmis yuaund sy,
‘PapNIOUl 958D INO4,
'SOISS DSBD UDASS,
‘PapN|oUl S9SED OM |,

‘pauonuUBWIUN ‘N ‘uonodasal bun jeied uado ‘Y1dO ‘M3l 7 bU ‘Y 2q0) Jamo) Y31 ‘177 ‘2qo) 1oddn ybu “INY ‘2g0) JOMO)
Y6 7Y 290] 1amo) Y3] ‘TN ‘Awoydago) o1dodsodeIoy) 1 ‘Auo}dago) Uusdo O ‘ohes SWNIoA WYdD ‘YAD ‘obeulelp 1a1ayied dioeloyisuel) snosueindiad ‘gD d ‘A19buns usye abieydsip 0y awi 'Syl ‘ssew bun) o1sAd jeyuabuod ‘WD

uoned| dwo)

2dAy L196ing

(p) A196inS e 3by

(wd) 3zIs uoISa

(uw G ‘uiw 1)
21025 Jebdy

(QRTIE

(M) abe |euoneisany

(sLe6v'c—
(§'9v-sTse) (5£8'65T€°S) ST8IE) (5L8¢-8¢)
ON 1 9[qe], 39S (08-6¢) 2 | (§=u)IL (1=4)10 0'6¢ Sh's (0T°01) 0T “(SL'6'6) 6 SL8TE 8¢ »°H 7e0T 11
ON SUON. 91 L i4 Ls n 667C 6¢ Suenpy 020 0L
ON SUON L 10 54 n n 00T°‘c n nsIq 610 6
(91-5£%1) (sT'L-5T€) (STT€-005°T)
ON (1 = u) yueuwai onsk) §'s1 ,SO S'S n n 058°C n L0 610C 8
ON xeroyjoumaud 41 10 61 n n n n e(iprey | 8107 L
ON n (§92-1) €1 10 (-0 ¥ (69-T%) 95 (6-L) 8 “(8-S'%) 9 (000°€-70€°7) 01LC (T'6€-9'%€) ¥'LE 48U035 L10T 9
ON SUON. 54 10 ¥T n 6°L 065°T 53 Suoyd 910¢ S
§59X stsdag n ¥1dO L n n 009°C/006°€ §'6e/LE epnuey | 10T 12
(1 =u) uondspur
SRX (1 =u) o[ 11y dUON 10 ¥I/1 n L< n 0F Uea LIWORT | 600C €
ON n 41 10 I n 66 070% L€ weedaly | 700T 4
ON n L T0 9 (04 89 §T5e L€ praeq $661 I

A

Jeg\ | Ou ose)

*24N3eIS}) DY} Ul 103449 Ssew 0} anp uonuaIdul Aouabiaws bulobiapun sajeuosu WWD O sansudeIeyd 2 319V.L

frontiersin.org

63

Frontiers in Pediatrics


https://doi.org/10.3389/fped.2023.1268028
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

He et al.

10.3389/fped.2023.1268028

Prenatal diagnosis
of congenital lung mass

Confirmed macrocystic lung

mass after birth

A

\

CVR>1.6 and mediastinal
compression near birth

Neonatal respiratory
distress

EXIT evaluation

‘ v

v

PTCD with little
relief

PTCD with continous
air drainage and

complete relief

v Y ¥

A

A

EXIT

PTCD again with
relief

Discharge home
with chest tube

available and EXIT Contraindication
informed con unavailable to EXIT little
-sent
A
EXIT-
surgery

A 4
Thoracoscopic
lung resection one to
two months after
PTCD

Recurrence of symptoms
due to chest tube
dislodgement

\

Emergency open
lobectomy

Successful
recannulation
and symptoms

relief

Failure to relieve
symptoms by
recannulation

\

Discharge home

FIGURE 4

Algorithm of a prenatally diagnosed congenital lung macrocystic malformation that may manifest with respiratory distress after birth

delineated an algorithm of prenatally diagnosed CMLM that may
cause respiratory distress after birth. Case control study with
larger sample size is anticipated in the future.

5. Conclusions

For neonates with macrocystic lung malformation presenting
with respiratory distress due to mediastinal compression,
percutaneous thoracic catheter drainage is worth a shot for
elective thoracoscopic surgery in selected cases, which is deemed
as a safer alternative to direct emergency thoracotomy.
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Objective: The purpose of this study was to determine whether the use of a
humanoid robot (Estrabot) could reduce preoperative anxiety levels in children.
Methods: An experimental study was conducted at Azienda Ospedaliero
Universitaria delle Marche Hospital, involving the Pediatric Surgery ward and the
Operating Room (OR). Patients aged between 2 and 14 years who underwent
minor surgery were included. The Instruments used were the Children’s
Emotional Manifestation Scale to evaluate anxiety levels, and Estrabot, a
humanoid robot that interacts with people. Medical records between April and
May 2023 were analyzed and the data was anonymous. The level of anxiety is
extrapolated in Pediatric Surgery during the administration of oral pre-
medication, and in the Operating Room, during the induction of anesthesia.
Patients were divided into an intervention group treated with Estrabot, and a
control group without a robot.

Results: The population consists of 60 patients (86.7% male) with a median (IQR)
age of 6 (4-8) years. The median (IQR) anxiety score during premedication was 7
(5-11), while the median (IQR) anxiety score during anesthesia was 6 (5-10). A
significantly lower level of anxiety was reported in the Estrabot group. Patients in
the Estrabot group had significantly lower anxiety levels in different age groups.
Conclusion: A humanoid robot can reduce preoperative anxiety levels in children
during premedication and the induction of anesthesia.

KEYWORDS

anxiety, children, humanoid robot, preoperative, pediatric surgery

1. Introduction

Surgery is a stressful experience for a child and his family, both from a physical
and psychological point of view. It can become a traumatic event that leads the child to
experience high levels of anxiety, mainly caused by the fear of being separated from
their parents, the unfamiliar environment, and inadequate preoperative preparation. For
these reasons, children appear tense, nervous, fearful, and agitated. The literature
shows how preoperative anxiety can influence the intensity of postoperative pain and
increase the induction time of anesthesia, which is known as the most stressful time for
the child (1).

The management of these high levels of stress, to which the child and the family are
subjected during the pre and post-operative period, represents a goal that arises in several
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different health professions. The nurse is certainly the most
involved and suitable figure to assess and treat anxiety and to
improve the preoperative experience of the patients, ensuring a
quiet and reassuring hospital environment, and providing the
child with the most suitable emotional support according to his
degree of development (2, 3).

Non-pharmacological techniques and co-therapies have long
been recognized as useful and valid tools for the control of fear
and anxiety in a hospital setting, as well as for the management
of procedural pain.

The American Academy of Pediatrics recommends a

combination of pharmacological and non-pharmacological
techniques to manage pediatric pain (4). To reduce the child’s
preoperative stress level, a good preoperative preparation of the
young patient and their parents by the nursing staff is necessary.
Furthermore, the presence of parents during the induction of
anesthesia is essential. This does not make the anxious state
disappear but it greatly reduces its impact on the duration of the
induction itself (5). Other non-pharmacological methods have
been studied with positive results, such as the use of natural
sounds (6) and relaxation-guided imagery where the results
obtained demonstrate the reduction of preoperative anxiety and
post-operative pain (7).

The purpose of this study was to determine whether the use of
a humanoid robot (Estrabot) could reduce preoperative anxiety

levels in children.

2. Methods
2.1. Study design and setting

An experimental study was conducted at Azienda Ospedaliero
Universitaria delle Marche Hospital, involving the Pediatric
Surgery ward and the Operating Room (OR).

2.2. Sampling

o Inclusion criteria:

Patients aged between 2 and 14 years underwent minor
surgery, such as surgery for inguinal hernia, circumcision, and
orchidopexy.

o Exclusion criteria:

Patients under 2 years of age or above 14 years of age, who have
undergone major surgery (appendicitis, peritonitis, intestinal

obstruction, invagination, abdominal trauma, chest trauma,

hemoperitoneum, hemothorax, liver fracture, kidney fracture,

spleen  fracture, ovarian  torsion, testicular  torsion,

neuroblastomas, ovary neoplasms, congenital megacolon,

anorectal malformations) or who have undergone urgency/
emergency procedures.
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2.3. Instruments

o Children’s Emotional Manifestation Scale (CEMS), which
considers five variables: facial expression, vocalization, activity,
interaction, and cooperation. For each of the five variables it is
possible to assign a score from 1 to 5, therefore the overall
score varies from 5 to 25. A lower score corresponds to a
lower level of anxiety, compared to a higher score that
indicates greater anxiety.

« Estrabot: a humanoid robot that speaks in a child’s voice. The
model is NAO, developed by the French company Aldebaran
Robotics in 2008 (acquired in 2015 by Japanese company
Softbank), among the most widely used social robots in
human-robot interaction, due to its affordability and broad
functionality. NAO is 58 cm in height and weighs 5.6 kg; it
has four directional microphones and speakers and two
cameras which allow it to perform special features such as
text-to-speech, speech recognition for 20 languages, object
recognition, face detection and recognition, tracking, and
more. Thanks to a complex system of joints, the entire body
of the robot can move completely with 25 degrees of
freedom: it can grab objects, move around, dance, and
interact with people. A gyroscope, sensors, and a five-axis
control unit provide balance during movements and
exploration. It is fully programmable thanks to the included
NAO Software Suite. Estrabot is the name chosen for the
robot used for the activity. It has been purchased by the
Salesi Foundation to implement projects in favor of
children hospitalized at the Salesi Hospital in Ancona, Italy
(Figure 1).

2.4. Data collection and analysis

The medical records were collected between April and May

2023. The level of anxiety is assessed in the Paediatric Surgery

FIGURE 1

Estrabot: an humanoid robot that speaks in a child’s voice. The model is
NAO, developed by the French company Aldebaran Robotics in 2008
(acquired in 2015 by Japanese company Softbank), among the most
widely used social robots in human-robot interaction, due to its
affordability and broad functionality.
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ward during the administration of oral premedication (sublingual
midazolam), and in the Operating Room, during the induction of
anesthesia. Patients were randomized into an intervention group
treated with Estrabot, and a control group treated without the
robot, according to the day of the week.

The experimental group is composed of children operated on
Friday, who met the operator of Estrabot before the standard
protocol (the same day or the day before), to allow them to
know the project and tell something about their preferences,
hobbies, and their favorite song. Using this information, the
operator can make slight changes to the program, so that it can
be easier for the robot to make every child feel safe and relaxed.

On the day of surgery the robot, accompanied by its operator,
enters the child’s room with the nurse, explains to him in simple
words the oral premedication procedure, and creates a first
emotional contact by joking with him or, when possible, dancing
or playing with the child and their parents.

It is then brought out of the room, before coming back when
the child is accompanied to the lift which brings them to the
surgery wing; here it reassures both the child and the parents
and greets them. During this short journey, Estrabot plays the
song chosen by the child, and when they reach the operating
room it explains that before sleeping they will play inflating a
balloon using a special mask; during the induction of anesthesia
the robot pretends to blow in a similar mask, playing again the
chosen song. As soon as the child falls asleep, both the robot and
the operator quit the OR.

The control group is composed of children operated on
Monday following the standard protocol without the company
nor the explanations of the robot. This group of children is
assisted by the ward nurse during the oral premedication, by
auxiliary personnel during the journey to surgery, and by OR
nurses during the induction of anesthesia. In both groups, the
nurse who administered the premedication and one of those who
assisted at the moment of anesthesia filled out the CEMS
questionnaires during the procedures.

A non-parametric approach was followed. The characteristics
of the investigated sample were summarized by absolute and
percentage frequencies medians and interquartile range [IQR] for
qualitative and quantitative variables respectively. To investigate
the differences between groups, the non-parametric ANCOVA
with smoothed regression and Young and Bowman test were
applied. Two dependent variables were considered: the CEMS
score evaluated during the administration of oral premedication
and the CEMS score evaluated in the Operating Room during

10.3389/fsurg.2023.1322085

the induction of anesthesia; age was included as a covariate. One
model for each dependent variable was applied. As a sensitivity
analysis, the differences in CEMS scores between the two groups
were stratified by 3 age classes (< 5 years, between 5 and 7 years,
and >7 years) using the Mann-Whitney U-test. All statistical
analyses were performed using R version 4.1.3.

3. Ethics

The Board of the teaching hospital evaluated the study. The
research did not require Ethical Committee approbation because
it does not involve direct medical, surgical, or pharmacological
intervention on the patient. As suggested by the protocols of our
hospital center, studies of this kind do not need approval by the
Ethical Committee.

Study participation presents no known risks to the children
and will not subject them to any additional pain or suffering.
Children will receive standard medical management for their
admission diagnosis.

Written informed consent to participate was obtained from all
participants’ parents/guardians and oral one was obtained from all
children.

4. Results

During the study period, a total of 60 patients were included in
the group, 52 (86.7%) of them were males. The median (IQR) age
was 6 (4-8) years. In the whole study population, the median (IQR)
anxiety score during premedication was 7 (5-11), while the median
(IQR) anxiety score during anesthesia was 6 (5-10). No difference
in anxiety level was found between male and female patients, both
during premedication: 7 (5-9) vs. 10 (8-16), p =0.08, and during
anesthesia: 6 (5-9) vs. 9 (5-14), p = 0.26, respectively.

Tables 1, 2 shows the comparison of anxiety levels during
premedication and anesthesia between groups (Estrabot vs.
Control) adjusted by age. A significantly lower level of anxiety
was reported in the Estrabot group.

5. Discussion

To our knowledge, this is the first experimental study on the use of
a humanoid robot to reduce preoperative anxiety levels in children.

TABLE 1 Anxiety levels comparison between Estrabot and Control group: results of ANCOVA models.

Estrabot (n = 30)

Control (n=30)

Dependent variables Adj. median? Adj. median® Coefficient
(Cl 95%) (Cl 95%)?
CESM score:
Model 1 Premedication 6 (5-9) 12 (10-13) 443 16.03 0.03
Model 2 Anesthesia 6 (5-8) 10 (8-11) 3.69 9.77 0.03

Each model was adjusted for age.

°The adjusted median by smoothed regression model; Cl 95%: 95% Confidence Interval;RSE: Residual Standard Error of the model.

Frontiers in Surgery

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1322085
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Franconi et al.

10.3389/fsurg.2023.1322085

TABLE 2 Anxiety levels comparison between Estrabot and Control group according to three age groups: results of Mann-Whitney U-test.

Age <5 years

Age 5-7 years Age >7 years

Estrabot Control Estrabot Control Estrabot Control
(n=11) (n=12) (n=8) (n=12) (n=11) (n=6)
Dependent Median Median Median Median Median Median
Variables (CI 95%) (CI 95%) (CI 95%) (Cl 95%) (CI 95%) (Cl 95%)
CESM score:
Premedication 8 (5; 16) 13 (7; 20) 0,052 6 (57) 8 (65 13) 0,012 5(57) 9 (7; 23) 0,001
Anesthesia 6 (5 13) 10 (8; 16) 0,033 5 (5; 10) 7 (5 9) 0,143 5 (5 6) 9 (5; 25) 0,008
Various distraction strategies are useful in reducing G Conclusion

preoperative anxiety. Playing comes naturally to children and is
their
conducive to play activities, and toys, or using existing

often favorite activity. Providing an environment
handheld game technology to make the environment less
threatening has been shown to reduce anxiety (8), and enhance
the cooperation of children with medical procedures (9) and
anesthesia induction. Ensuring the presence of parents
during anesthetic induction reduces anxiety before surgery in
children (10). Other studies have demonstrated that non-
pharmacological techniques, such as listening to music, may
benefit preoperative anxiety (11). The use of a technologically
enhanced device may effectively distract children and reduce
their perceived anxiety. One recent study on 57 children has
demonstrated the effectiveness of child-robot interaction for
reducing pain and distress during vaccination (12). A second
study has shown a reduction in distress for 40 pediatric
oncology patients requiring central venous access (13). Logan
et al. (14) proposed to use social robots as engaging tools to
address the emotional needs of hospitalized children. The
children exposed to an interactive teddy bear robot intervention
showed more positive affect and they expressed greater levels of
joyfulness and agreeableness than the other conditions. Our
results show that a non-pharmacological intervention like a
humanoid robot reduces anxiety in children during the pre-
operative time and it might be an attractive solution to
optimize perioperative care in children. As Feigal also stated in
a study about non-pharmacological intervention for managing
dental anxiety in children (15), behavior management needs to
be flexible and individualized for each child; knowing in
advance the child’s preferences, the operator can adapt the
Estrabot program to the patient’s tastes, improving the
humanoid robot’s positive effect of the on the child’s feelings.

A limitation of this study is the use of CEMS in adolescents,
where more specific assessment scales (16, 17) should be used;
CEMS was the tool routinely used in the study hospital.

Furthermore, we did not measure the anxiety level in children
undergoing major surgery and in the parents. Future studies will be
necessary to confirm our experimental results in children and
adolescents using appropriate anxiety assessment tools and
considering also major surgery, Parents’ anxiety status should be
also analyzed. Therefore, the effectiveness of the humanoid robot
and its determinants will have to be evaluated by performing

observational studies in real clinical practice.
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A humanoid robot can reduce preoperative anxiety levels in
children during premedication and the induction of anesthesia.
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To use a simple hernia needle for
single-port laparoscopic
percutaneous inguinal hernia
repair in children: a 5-year
experience study
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'Department of General Surgery, Yellow River Sanmenxia Hospital, Sanmenxia, China, ?Institute of
Medical Technology, Peking University Health Science Center, Beijing, China

Purpose: The aim of this study is to investigate the technique and practical
significance of using a simple hernia needle in single-port laparoscopic
herniorrhaphy in pediatric patients.

Methods: The study conducted a retrospective analysis of all pediatric patients
who underwent treatment for inguinal hernia using single-port laparoscopic
herniorrhaphy with a simple hernia needle at Yellow River Sanmenxia Hospital
from June 2018 to May 2023. The medical records of all the children were
collected, and clinical characteristics, procedural information, and follow-up
data were carefully reviewed.

Results: A total of 848 patients underwent inguinal hernia repair, with ages
ranging from 7 months to 13 years (2.99 +2.49 years), including 756 males
and 92 females. A total of 528 cases of unilateral hernia and 310 cases of
bilateral hernia were reported, with intra-operative findings revealing
contralateral occult hernia in 253 cases. Single-port laparoscopic
herniorrhaphy was successfully completed in all patients, with no instances of
conversion to open surgery. The mean operation time for unilateral hernia
repair was (7.50 + 4.80) min, while for bilateral hernia repair it was (11.55+
7.27) min. Five patients presented with subcutaneous emphysema, while two
patients experienced a recurrence of inguinal hernia. No complications, such
as scrotal hematoma, trocar umbilical hernia and testicular atrophy, were
observed. The duration of the follow-up period ranged from 3 to 24 months.
Conclusion: The promotion and utilization of single-port laparoscopy combined
with a simple hernia needle in clinical practice are justified. Our initial
investigation indicates that this surgical approach is both safe and dependable
for the management of pediatric inguinal hernia. The procedure presents
numerous benefits, including the utilization of uncomplicated instruments,
straightforward operation, a clear curative impact, minimal tissue damage,
rapid recovery, and the absence of scarring.
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Introduction

In children, inguinal hernia is a prevalent and frequently
occurring condition, with a higher incidence in boys compared
to girls (1). Additionally, the incidence of inguinal hernia in
premature infants is greater than in full-term infants (3%-5% vs.
15%) (2). The majority of these conditions are attributed to
congenital factors. Some children may experience anorexia,
nausea, vomiting, abdominal pain, and other symptoms as a
result of an incarcerated hernia mass, which can have
implications for the health and nutritional status of children. As
the disease progresses, it can also lead to intestinal necrosis (3).
Traditionally, pediatric and infant inguinal herniorrhaphy has
been performed using an open technique through the inguinal
skin crease. While there are multiple iterations of this approach,
the fundamental concept involves isolating, ligating, and ultimately
excising the hernia sac as near as feasible to the inner inguinal
ring. This procedure remains the most frequently conducted
elective surgery in the field of pediatric general surgery (4).

The increasing popularity of laparoscopic repair for pediatric
inguinal hernia can be attributed to the emergence of minimal
access techniques (5, 6). Recent meta-analyses have shown that
laparoscopic hernia repair has fewer or comparable testicular
complications and does not increase ipsilateral hernia recurrence
compared with open hernia repair. Laparoscopic extraperitoneal
herniorrhaphy has a lower incidence of metachronous contralateral
inguinal hernia than open herniorrhaphy (7).

Nevertheless, laparoscopy presents a lengthier learning curve
for novice practitioners. To mitigate the complexity of the
procedure, a novel uncomplicated hernia needle is introduced for
enhanced ease of use in single-port laparoscopic hernia repair.
The utilization of a novel uncomplicated hernia puncture needle
device simplifies and expedites laparoscopic hernia repair, and
reduces the learning curve associated with this sophisticated
technique. Additionally, an assessment of the safety and efficacy
was conducted.

Methods
Clinical data

This study was retrospective in nature, and therefore informed
consent may be waived. This retrospective study comprised 848
pediatric patients who underwent hernia repair utilizing the
single-port laparoscopic technique from June 2018 to May 2023.
All instances were diagnosed through physical examination and
preoperative ultrasound scanning. The study received approval
from our institutional review board.

The inclusion criteria are as follows: 1. The patients included
in the study had an age range from 6 months to 14 years. 2. The
patients were monitored for a period exceeding 3 months
following the surgical procedure.

Exclusion criteria: 1. Patients are either younger than 6 months
or older than 14 years of age. 2. Patients who were lost to follow-up
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or observed for less than 3 months were excluded from the analysis.
3. Patients with
necessitating simultaneous surgical intervention.

incarcerated hernias or other conditions

The collected data encompassed medical history, demographic
details, clinical characteristics, surgical treatment outcomes,
postoperative complications, and recurrence. All the operations
were performed by a senior surgeon.

Surgical instrument

The equipment used in the pediatric laparoscopy included a
5 mm laparoscope, an arc-shaped hernia needle with a polished
sharp end and a drilled hole for silk thread passage (external
diameter 1.3 mm, effective working length 15 cm) (Figure 1A), a
1 ml syringe for puncture positioning, and a spring clip needle
with a spring-equipped top and a hook groove at the distal end
of the needle core. Depress the end of the needle to elongate the
crochet, engage the ligating thread, and subsequently release the
handle to retract it, allowing for a secure grasp of the thread
(Figure 1B,C), 1-0 surgical silk thread.

Surgical method

The patients received intravenous general anesthesia while
positioned with their head down or with a soft pad placed under
their buttocks. A 5 mm incision was performed at the inferior
border of the umbilicus, and CO, pneumoperitoneum was
created through puncture with a pneumoperitoneum needle. The
pressure was sustained at approximately 8 mmHg (1 mm Hg=

FIGURE 1
(A) hernia needle; (B) spring clip needle; (C) depress the end of the
needle to elongate the crochet, engage the ligating thread.
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0.133 kPa), and a 5 mm Trocar was inserted. Following abdominal
exploration, the researchers identified the position of the hernia
ring and examined the shape and dimensions of the hernia ring,
as well as the extent of relaxation of the hernia sac, and assess
the presence of any concomitant contralateral occult hernia
(Figure 2A). A 1ml syringe needle was utilized to create a
puncture mark on the local skin at the upper edge of the inner
ring mouth on the anterior abdominal wall. Hernia needle
(1-0 silk thread threaded through the needle hole, with both ends
left outside the abdominal cavity) was inserted through the
puncture point to the retroperitoneum at the upper edge of
the inner ring mouth, and subsequently passed behind the
retroperitoneum along the medial edge of the inner ring mouth
(Figure 2B). Following passage through the vas deferens (or
ligamentum teres), the needle tip changed direction towards the
lateral aspect, traversed the spermatic cord (or ligamentum teres)
vessels towards the midpoint below the inner ring (which may be
slightly lateral to access the lateral abdominal wall), and then
pierced the peritoneum, extending into the abdominal cavity
(Figure 2C). At this juncture, the assistant proceeded to pull one
end of the wire, causing the other end to be drawn out through
the needle hole of the wire feeder and left within the abdominal
cavity. The surgeon carefully retracted the wire feeding needle
along the puncture path gap without removing the wire
(Figure 2D). Starting from the initial puncture site, insert the
spring clip needle into the retroperitoneum of the inner ring,
maneuvering behind the retroperitoneum from the lateral edge to
the exit point of the abdominal cavity. Once inside the
abdominal cavity, push the end of the needle handle to extend
the hook, and use the hook to catch the end of the line
(Figure 2E). It is challenging to remove the needle and thread
after ensuring precision, carefully exiting the needle and the line,
and having the assistant expel the air from the scrotum or labia
majora before tightening the suture knot. The inner ring was
inspected to ensure precise closure (Figure 2F), and the
procedure on that side was completed. Simultaneous treatment

10.3389/fped.2023.1298643

The
incision was sealed using medical adhesive rather than being
the

was administered for hernias on the contralateral side.

sutured. Complete surgical video is available in

supplementary document (Supplementary Video SI).

Result

All patients successfully underwent single-port laparoscopic
hernia repair without requiring conversion to open surgery.
There were 756 male participants and 92 female participants,
with a mean age of (2.99 +2.49) years. The average operating
time for unilateral hernia patients was (7.50 +4.80) minutes,
while for bilateral hernia patients it was (11.55+7.27) minutes.
Out of 310 patients with bilateral hernia, 253 cases were
identified during the operation. During the operation, there was
no apparent bleeding, and no damage was observed to the
inferior epigastric vessels, spermatic cord vessels, or vas deferens.
Subcutaneous emphysema was observed in 5 postoperative
patients, while no instances of scrotal hematoma, iatrogenic
cryptorchidism, foreign body reaction to suture knots, puncture
hernia, or other complications were reported. The children were
able to consume food and rise from bed 6h after regaining
consciousness from anesthesia without displaying overt signs of
The
discernible scarring. The patients were monitored for a period

pain. incision exhibited satisfactory healing with no
ranging from 3 to 24 months (mean 14.65 £ 5.34 mounth), during
which 2 patients were identified as having recurrent inguinal
hernia (both had a history of chronic constipation) (Table 1).

Discussion

Inguinal hernia is one of the most common congenital
disorders in children, occurring in 1%-2% of full-term infants
and up to 30% of preterm infants (8, 9). The main pathogenesis

FIGURE 2

tightening the suture knot.

(A) identified the position of the hernia; (B) hernia needle passed behind the retroperitoneum along the medial edge of the inner ring mouth; (C) hernia
needle through the vas deferens (or ligamentum teres); (D) retracted the wire feeding needle; (E) use the hook to catch the end of the line; (F)
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TABLE 1 Patients’ characteristics.

‘ Parameters Observations

No. of patients 838
Mean age 2.99+2.49
Sex
Male 756
Female 92

Side of hernia
Unilateral 528 (63.01%)
310 (36.99%)

253 (30.19%)

Bilateral
Contralateral occult
Operating time (min)

Unilateral

Bilateral

7.50 £4.80
11.55+7.27

Hospital stay 1-3 days (1.73 £ 0.32 days)

Follow-up 3-24 months (14.65 + 5.34 months)
Complications

Subcutaneous emphysema 5 (0.60%)

Recurrence 2 (0.24%)

is the failure of the vaginal process to close, which allows the
contents of the abdominal cavity to enter the groin or scrotum
through the open vaginal process, resulting in clinical symptoms
(10). Currently, open hernia repair is considered the preferred
method for treating pediatric inguinal hernias. However, the
procedure carries certain risks because it requires opening the
inguinal canal and removing the hernia sac. This process
increases the likelihood of damaging the vas deferens, spermatic
cord vessels, and other associated structures. As a result,
complications such as hematoma, iatrogenic cryptorchidism,
testicular atrophy, and even infertility may arise (11, 12).
Perlstein reported that 2.3%-15% of patients experience testicular
dysplasia, atrophy, or even iatrogenic cryptorchidism (13).
Furthermore, the vas deferens is vulnerable to mechanical
damage. According to Harrison et al, the incidence of vas
deferens obstruction on one side was found to be 26.7% in
children who had previously undergone open inguinal hernia
surgery (14). In contrast, laparoscopic surgery has gained
popularity because of its aesthetic benefits, reduced postoperative
pain, and ability to minimize damage to the vas deferens and
spermatic cord vessels (15). Furthermore, laparoscopy can
effectively identify contralateral occult hernias without requiring
additional incisions, thereby reducing the need for further
surgery to some extent (16, 17). In this study, 253 cases of
contralateral occult hernia were found during laparoscopic
surgery, representing 47.92% of unilateral hernias diagnosed
before surgery. Some patients may develop an inguinal hernia
and subsequently need further treatment.

Laparoscopic techniques have been described in numerous
versions, ranging from a three-trocar intraperitoneal approach to
one or two trocar percutaneous approaches. The technique is
constantly advancing with a trend towards increasing the
application of extraperitoneal repair and decreasing the use of
assistant instruments and trocars.

Single-port laparoscopic high ligation of a hernia sac requires
special operating instruments, such as a multi-channel puncture
device, Kirschner wire, epidural puncture needle, and abdominal
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wall suture straight needle. It also requires a scalpel to make a
2-3 mm skin incision at the projection of the inner ring, which
may result in skin scars after the operation. During the
procedure, the curved wire delivery needle and spring clip needle
were used to puncture the abdominal wall directly into the
abdominal cavity. The silk thread was then brought out around
the inner ring through the needle hole using the wire delivery
and spring clip technique, and the incision was sealed with
medical glue. The scar at the puncture site could completely
disappear within 2 weeks after the surgery. The pointed end of
the wire delivery needle is polished, which not only widens the
gap of the extraperitoneal channel but also prevents penetration
of the peritoneum and damage to the surrounding tissues. It can
also smoothly guide the ligature wire into the needle hole,
ensuring a safe and quick process. Despite the numerous
advantages of this approach, it should be used cautiously in
patients with certain types of hernias, as the presence of the
organ increases the risk of injury and the complexity of surgery.
We have also updated some references (18, 19).

It is important to consider the following points during the
operation: (1) when establishing pneumoperitoneum, the
umbilical Trocar should be used to blindly enter the abdominal
cavity, and the operator and assistant should lift the abdominal
wall to prevent accidental injury to the abdominal organs. (2)
During the positioning process, it is recommended to advance
the laparoscopic lens in order to identify the deep inferior
epigastric vessels. Additionally, the use of a 1 ml syringe for the
surface positioning of the inner ring is advised to facilitate the
success of the puncture needle at one time and to prevent
injury.
approximately 1-2 cm above the inner ring, and the needle and

accidental (3) The puncture site may be chosen
thread can be passed through the lower edge of the arcuate, thus
avoiding significant blood vessels and nerves in the inguinal
region, which enhances safety. (4) It is preferable that the needle
does not intersect the vas deferens and spermatic cord vessels in
a vertical manner. The instrument can be swung in front of it to
widen the gap, and then the peritoneum over the above
structures can be gently manipulated. In this procedure, we
employ the technique of refining the pointed section of the wire
feeding needle to prevent secondary harm, ensuring convenient
and safe operation. (5) In the arc-shaped wire feeding needle
process, a 1-0 silk thread is passed through the needle hole, with
both ends extending outside the abdominal cavity. When the
needle pierces the peritoneum and enters the abdominal cavity,
one end of the wire is gently pulled by the assistant, while the
other end is drawn out through the needle hole and left in the
abdominal cavity. (6) Upon grasping the end of the spring clip
needle, it is advisable not to withdraw the needle immediately.
Hold the outer abdominal segment with one hand and use the
other hand to guide the needle into the abdominal cavity. When
one perceives the ability to endure a specific level of tension, it is
possible to retract the needle in order to prevent the silk thread
from slipping. (7) When performing hernia ring ligation in male
children, it is important to ensure proper traction of the testis
and to apply pressure to the inguinal area to expel air from
the scrotum, thereby preventing postoperative scrotal and
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subcutaneous emphysema. Additionally, care should be taken to
avoid ligating the spermatic cord vessels and vas deferens in
order to prevent iatrogenic cryptorchidism. (8) After tying and
cutting the suture, it is recommended to pull the skin at the
puncture point and ensure that the suture knot is left in the
preperitoneal space to minimize the sensation of a subcutaneous
foreign body. (9) The pneumoperitoneum should be released,
with the Trocar being exited first, followed by the lens, in order
to prevent the omentum tissue from becoming trapped in the
puncture hole with the gas.

Conclusion

This study presents our findings on the use of single-port
laparoscopic hernia repair with a basic hernia needle in 838
pediatric patients with inguinal hernia at our hospital over a 5-
year timeframe. The procedure offers the benefits of minimal
trauma, rapid recovery, short operation duration, aesthetically
pleasing incisions, and a clear therapeutic impact. It is also
capable of diagnosing and treating contralateral occult hernia
simultaneously, thereby preventing the need for a second
operation and the associated pain. Consequently, this approach
has the potential for extensive application in the management of
pediatric inguinal hernia.
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Outcomes of olecranon fractures
In adolescents: comparison of
tension band wiring and Herbert
screw fixations

Weiwei Yang, Xintao Zhang, Dong Sun, Shaobin Jin, Junfei Chen
and Yang Li*

Department of Pediatric Surgery, Qilu Hospital of Shandong University, Shandong, China

Purpose: Olecranon fracture is considered intra-articular when there is obvious
displacement or an irregular articular surface. Such fractures should be reduced
and fixed via surgery. No clear indications regarding the surgical technique to be
adopted exist. Therefore, this study aimed to compare the outcomes of tension
band wiring (TBW) and Herbert screw fixations for olecranon fractures.
Methods: We retrospectively analyzed the clinical data of 29 children with
olecranon fractures. They were divided into the tension band wiring and
Herbert screw groups. We assessed early epiphyseal closure and maximum
length of the ulna using radiography. Patients were clinically evaluated using
the average QuickDASH score.

Results: Both groups had good radiological outcomes. Herbert screws
demonstrated advantages in terms of bleeding, operative time, intraoperative
blood loss, surgery duration, and particularly the QuickDASH score (1.57 vs.
418, p<0.05). Complications, including needle loosening and bursitis,
occurred in five cases in the TBW group. Six cases had premature physis plate
closure, and no difference was observed in limb length at 6 months after surgery.
Conclusion: Compared with TBW, Hebert screws demonstrated better clinical
outcomes and lesser postoperative complications in the treatment of ulnar
olecranon fractures in children. However, long-term follow-up is required to
assess the effects of screws on the ulnar physis plate and ulna length.

KEYWORDS

children, olecranon fracture, Herbert screw fixation, epiphyseal growth plate, tension
band wiring

1 Introduction

Olecranon fracture is considered intra-articular when the fracture has an apparent
displacement or unsmooth articular surface and should be reduced and fixed via
surgery to restore the normal para-position and to reduce elbow joint dysfunction, such
as elbow stiffness, malunion, and traumatic arthritis. Olecranon fractures account for
approximately 4%-7% of elbow fractures in children (1). Approximately 20% of cases
are accompanied by other injuries to the ipsilateral elbow joint (2).

However, surgical indications remain controversial. It is generally believed that when the
fracture block separation distance is <2 mm or 2-4 mm, with an elbow flexion of 90°, the

Abbreviations
TBW, tension-band wiring; TBS, tension-band suturing; ROM, range of motion; OI, osteogenesis
imperfecta.
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fracture is stable, the joint surface is smooth, and the active anti-
gravity extension of the elbow and the fracture is undisplaced,
conservative treatment can be chosen. However, when the articular
surface is unsmooth or the displacement is >4 mm, it could be an
indication for open reduction and internal fixation (3, 4).

Surgical internal fixation techniques include tension-band wiring
(TBW), tension-band suturing (TBS), surgery using screws, and
other approaches,and Some scholars tried to use bioabsorbable
compression screws or polyethylene tension band for fixation of
displaced olecranon fractures (5). However, open reduction and
TBW are the “gold standard” for treating olecranon fractures (6).
The tension band suture can convert the tension through the
fracture site’s posterior cortex into pressure on the articular
surface to increase the fracture fixation’s stability and to prevent
displacement. Its main disadvantages include steel needle
displacement and steel wire stimulation of the skin. Additionally, a
second incision is needed for removing the fixation (7). Screw
fixation for olecranon fractures can provide sufficient pressure
with minimal trauma. Currently, it is mainly used in children with
osteogenic insufficiency (9). Due to relative osteoporosis in
children with imperfect osteogenesis, the adhesion between the
screw and bone is insufficient, leading to graft loosening. However,
in relevant studies, no significant difference was observed between
screw and tension-band fixation in adults. Corradin et al. reported
good results with TBW and screw fixation for olecranon fractures
in healthy children (9). Another concern regarding screw fixation
is its effect on the epiphyseal plates. Currently, evidence to
compare the efficacy of TBW and compression screw fixation for
isolated olecranon fractures in healthy children is insufficient. The
effect of screw fixation on the ulnar olecranon epiphyseal plate in
children has rarely been investigated.

This study aimed to compare the clinical outcomes of open
reduction with TBW fixation and closed reduction with Herbert screw
internal fixation for treating olecranon fractures in children and to
explore the possible effects of internal fixation device on olecranon
epiphysis and ulna growth in children with olecranon fractures.

2 Materials and methods

Children (n = 29) with ulnar olecranon fractures who underwent
surgery between January 2017 and June 2022 in our treatment
center, Qilu Hospital of Shandong University, were included in the
study. There were 18 boys and 11 girls, with 11 cases of fractures
on the left side and 18 on the right. The causes of injury included
24 cases of falls and 5 of traffic accidents. The age range was 9-14
years. According to the different internal grafts, the children were
divided into the TBW (group A: 12 patients) and Herbert screw

TABLE 1 Characteristics of the patients.

10.3389/fped.2023.1269628

(group B: 17 patients) groups. The average age was 11.46 (11.6 £
1.20 vs. 11.3 £1.33) years. Data on the sex, age, and fracture side
of both groups were statistically analyzed, and the difference was
not significant (p>0.05, Table 1). All the cases were of recent
fractures, and the period from injury to surgery was 1-5 (average
period 2.42+1.24 vs. 2.24+0.76) days. The Medical Ethics
Committee of Qilu Hospital of Shandong University approved this
study (approval number KYLL-2020008-165).

2.1 Inclusion and exclusion criteria

The inclusion criteria were as follows: isolated closed ulnar
olecranon fractures or fractures at other sites of the forearm
that did not require surgery; fracture displacement of 2-4 mm
with an unsmooth joint surface or a displacement of >4 mmy;
patients who underwent open reduction TBW or closed
reduction screw fixation; age 9-14 years; and follow-up of not
less than 6 months.

The exclusion criteria were ulnar olecranon fractures combined
with fractures of other sites of the forearm, which require surgery;
open fracture of the ulnar olecranon, pathological fracture, or
comminuted fracture; and age <9 years or >14 years. The
olecranon epiphyseal plate on the radiograph was closed.

2.2 Surgical methods

Experienced pediatric orthopedic surgeons performed both
procedures, The choice of internal fixation depends was based on
the physician’s discretion and guardian’s preference. After
inducing anesthesia, the patient was placed supine, and the
affected limb was placed on a C-arm and disinfected.

2.2.1 TBW group

A longitudinal posterior incision of approximately 6 cm was made
in the proximal ulna. The fracture was exposed, the towel clamp was
temporarily reduced, and the fractured piece was immobilized.
Based on the child’s age, two smooth Kirschner needles with a
diameter of 1.6mm or 2.0mm were selected. Two parallel
Kirschner wires were longitudinally passed from the tip of the
olecranon into the distal part of the ulna and close to the articular
surface in front of the ulnar olecranon, and the distance between the
Kirschner needles was approximately 0.8 cm. The distal point of the
Kirschner needle was inserted into the cortex during the distal
coronal process. We drilled holes on both sides of the ulnar crest,
approximately 4 cm from the distal end of the fracture line and
perpendicular to the longitudinal axis of the ulna. We selected a
steel wire with an appropriate diameter to pass through the bone

Number | Age (year) | Side (L:R) = Sex (M:F) = Operation waiting | Surgery duration | Amount of
time (day) (min) bleeding score

12 116 5.7 7:5 24 82.5 39.1 122 478

17 113 6:11 11:6 22 32.1 4.9 135 1.57
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tunnel, cross-fixed in an “8” figure near the fracture line. We tightened
and knotted the wires around the Kirschner needle tail, bent and cut
the needle tail, and sutured the incision (Figure 1).

2.2.2 Herbert screw group

The elbows were extended to reduce the traction of the triceps
muscles on the fracture. Sometimes temporarily inserting a Kirschner
needle proximal to the fracture and using the joystick technique to
assist the reduction was required. After fracture reduction, two 0.8-
mm Kirschner wires were inserted as guide needles from the proximal
to distal points to fix the fractures temporarily. Two Herbert screws
with a 3.0-mm diameter were implanted in the direction of the guide
needle, which were then removed (Figure 2).

2.3 Postoperative treatment and evaluation

Patients in both groups were immobilized using a plaster cast
postoperatively. AP and lateral radiographs of the elbow joint
were reviewed on the first day, 2 weeks, and 4-6 weeks after
surgery. Elbow joint function exercises were gradually performed

10.3389/fped.2023.1269628

after removing the cast after 4-6 weeks based on the fracture
healing. At the 6-month follow-up, we used QuickDASH,
bilateral anteroposterior (AP) and lateral radiographs to assess
elbow joint function, elbow flexion and extension range,
maximum length of ulna, and epiphysis closure. Patients were
asked if they wanted their internal fixation removed. All patients
had their internal fixation removed at 6-9 months after surgery.

2.3.1 TBW group
The patients in this group underwent a procedure through the
original incision to expose the TBW, which was then removed.

2.3.2 Herbert screw group

The patient was placed in the supine position, and the affected limb
was placed on a C-arm x-ray device and sterilized. A 0.8-mm Kirschner
wire was inserted into the hollow screw and confirmed on AP and
lateral radiographs. A 0.5-cm incision was made in the skin around
the Kirschner wire, and the Herbert screw was unscrewed in the
direction of the Kirschner wire. Compared to TBW, the use of a
hollow screw resulted in a smaller incision and less surgical trauma.

FIGURE 1

score.

(A) preoperative images; anteroposterior (AP) and lateral radiographs in a 12-year-old boy with an olecranon fracture. (B) Postoperative images from
the 1-day follow-up and AP and lateral radiographs in the same patient treated with closed reduction and Herbert screw fixation. (C) Follow-up images
obtained at 6 months after surgery in the same patient. (D) Functional outcomes in the same patient at 6 months after surgery. Before removing the
cannulated screw, we recorded the patient’s elbow range of motion in flexion, extension, pronation, and supination, forearm length, and QuickDASH
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FIGURE 2

(A) preoperative images; AP and lateral radiographs in a 13-year-old boy with an olecranon fracture (B) postoperative images from the 1-day follow-up
and AP and lateral radiographs in the same patient treated with closed reduction and Herbert screw fixation. (C) Follow-up images obtained at 6
months after surgery in the same patient. (D) Functional outcomes in the same patient at 6 months after surgery. Before removing the cannulated
screw, we recorded the patient's elbow range of motion in flexion, extension, pronation, and supination, forearm length, and QuickDASH score.

2.4 Statistical methods

IBM SPSS Statistics for Windows, version 19.0 (IBM Corp.,
Armonk, NY, USA) was used for the analysis and comparison.
The data were represented using means + standard deviations.
The data of both groups were compared using the t-test for two
independent samples or Mann-Whitney U test. The threshold
for statistical significance was p < 0.05.

3 Results

All 29 children were followed-up for 9-22 months, averaging
12.9 months. There were 12 patients in the TBW group (average
follow-up period of 12.2 months) and 17 in the Herbert screw
group (average follow-up period of 13.5 months). The average
operation time of the Herbert screw group was 32.1 min less
than that of the TBW group 82.5 min (P <0.01) The volume of
blood lost in the Herbert screw group was 4.9 ml, which was
lower than that in the TBW group 39.0 ml (P <0.01) (Table 1).

The mean QuickDASH scores in the TBW and Herbert screw
groups were 4.78 and 1.57, respectively. In the TBW group, the

Frontiers in Pediatrics

steel needles loosened and were therefore withdrawn in three
patients; further, two developed bursitis at the proximal ulna,
which caused pain. Nine of the 12 patients in the TBW group
strongly desired to have their internal fixation removed,
especially those with a low body mass index. Many patients had
difficulty tolerating foreign bodies and tissue scarring behind
the elbow (Tables 2, 3).

No patient in the Herbert screw group had foreign body
irritation, implant migration, or osteoarthritis. Two of the 17
patients in this group strongly desired to have their internal
fixation removed. The internal fixation was removed in most
patients at 6-8 months after surgery because cannulated
compression screws might affect the growth of epiphyseal or
secondary ossification centers. Before removing the internal
fixation, elbow function was assessed in both groups, and the
elbow flexion of children in the Herbert screw group was
better than that of those in the TBW group. No significant
difference was observed in elbow flexion and forearm pronation
or supination between both groups. In the sixth month, we
assessed the limb length of affected sides in two group
patients, and no difference in
both groups (Table 4).

limb length existed in
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TABLE 2 Group of patients treated by open reduction and TBW fixation.

10.3389/fped.2023.1269628

Patient = Age at Side | Operation waiting Surgery Amount of | Follow-up ' Quick | Aspiration of removing
trauma time (day) duration (min) | bleeding (ml) DASH internal fixation
1 113 M | L 1 80 40 11 333 Y
2 10.2 F R 2 90 30 13 5 N
3 13.6 M | R 4 70 30 9 5 Y
4 10.9 M | R 3 110 40 9 414 Y
5 137 F R 5 80 20 15 6.67 Y
6 124 M L 2 90 50 13 25 N
7 10.0 M | L 3 80 40 12 8.33 Y
8 10.8 F R 1 100 40 11 414 Y
9 10.8 M |L 1 70 50 14 333 Y
10 117 F R 3 80 40 10 4.14 Y
11 12.2 M L 2 70 50 14 5 Y
12 117 F R 2 70 40 15 5.83 N

TABLE 3 Group of patients treated by closed reduction and Herbert screw fixation.

Patient | Age at Side Operation Surgery Amount of | Follow-up | Quick | Aspiration of removing
trauma waiting time | duration (min) | bleeding (ml) DASH internal fixation
1 10.0 M R 2 40 5 13 1.67 N
2 132 M L 2 25 5 15 0 N
3 12.1 F R 2 30 3 13 333 Y
4 9.8 M R 2 30 5 12 25 N
5 112 F L 3 25 8 14 1.67 N
6 106 M R 4 40 5 22 0 N
7 125 M R 3 30 5 15 0 N
8 123 F R 3 30 2 14 0.83 Y
9 9.8 M L 2 40 5 15 333 N
10 9.6 M L 2 30 5 10 1.67 N
11 13.0 F R 1 30 3 9 1.67 N
12 10.8 F R 3 25 4 13 0.83 N
13 117 M R 2 30 5 14 25 N
14 10.5 M L 2 25 5 14 333 N
15 10.6 M L 2 50 5 15 1.67 N
16 13.9 M R 1 30 8 9 1.67 N
17 113 F R 2 35 5 12 0 N

TABLE 4 Comparison of ROM and ulna length outcomes between the
TBW and Herbert screw fixation.

TBW Herbert screw | P
fixation
Elbow flexion (°) 135 (135, 140) 140 (140, 145) 0.024
Elbow extension (°) 0 (0, 5) 0 (0, 5) 0.586
Forearm pronation (°) 85 (80, 85) 85 (85, 85) 0.245
Forearm supination (°) 85 (81.25, 90) 85 (85, 90) 0.499
Maximum length of the ulna (cm) 22.72+1.22 2246 +1.37 0.614

4 Discussion

Ulnar olecranon fractures account for 4%-7% of all elbow
fractures in children. Because of the effective fixation methods
and excellent results (3), TBW has been regarded as the gold
standard for olecranon fractures. However, hardware irritation,
persistent joint pain, scar hyperplasia and other common
complications trouble the patients. Although compression screw
fixation for ulna olecranon fractures has been well described in
adults (10), reports in the pediatric population are very few. This
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study investigated the effects of different fixation modalities on
ulnar olecranon fractures.

Ulnar olecranon fracture treatment using TBW technology is a
relatively mature surgical method, TBW is considered the gold
standard for the surgical treatment of ulnar olecranon fractures in
children (11). However, it requires a relatively long incision and
adequate exposure of the proximal ulnar olecranon, often causing
postoperative incision pain in children. Longer surgical incisions
can also cause cosmetic challenges (11). In addition, owing to the
low subcutaneous fat in the olecranon area and high incision
tension, the needle tip can easily penetrate the skin, infecting the
incision (12). Furthermore, this technology can loosen or displace
the Kirschner needle, break the steel wire, and cause needle tail
irritation of the skin and soft tissues, causing pain (13). In our
study, grafts loosened in three cases, causing the tips of the
Kirschner needle to touch the skin surface without fracture
displacement or local infection during subsequent follow-up. In
addition, two children developed bursitis at the proximal ulna,
which caused pain and decreased the range of motion (ROM) of
the elbow joint. Studies have revealed that the hardware removal
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rate is significantly higher in children (63%) than in adults (6%-
25%), possibly due to elbow dysfunction caused by Kirschner
needle stimulation or the parents’ willingness. In the TBW group,
removal was performed under general anesthesia using an open
incision almost identical to the original incision.

Good reduction and stable fixation are critical for recovery
from olecranon fractures. This differs from that observed among
the children in the TBW group, as no child in the Herbert screw
group experienced graft loosening or local soft tissue irritation.
When the Herbert screw was used to fix the ulna olecranon
fracture, the ends of the screws were embedded in the ulna’s
periosteum, and foreign body rejection rarely occurred. In
addition, soft tissue stimulation by the screw during elbow
movement was negligible. Previous studies have suggested that
screw fixation might result in graft loosening in patients with
ulnar olecranon fractures with OI, possibly due to insufficient
internal fixation and bone adhesion in children with osteoporosis
(8). In this group, no patient experienced internal fixation
loosening. However, the hollow screw did not reach the
contralateral cortex in some patients. We believe that the hollow
screw can provide sufficient pressure to the olecranon. During
fixation, the screws are pressurized by the head and tail thread
difference and number of screw-in threads to reduce the fracture
gap and to achieve a better reduction. Hollow compression
screws to fix ulnar olecranon fractures can provide sufficient
pressure early to reset the fracture. Within 12 h of fixation, 39%-
55%  of
compression remains important (14). In addition, the fixation

compression  disappears; however, good initial
angle of the patients was maintained at approximately 45° of
elbow flexion, which helped alleviate the triceps tension,
indicating that the Herbert screw could provide sufficient holding
force to resist the triceps pull.

All cases in the compression screw group achieved closed
reduction, and Kirschner and guide needles were used to fix the
fracture fragment temporarily. Compression screws were inserted
along the guide needles, and the fracture gap gradually closed. In
this procedure, a mini incision of approximately 0.5cm is
required. The compression screw group had apparent advantages
in operation time, volume of blood loss, and postoperative pain
compared with the TBW group. This is mainly due to the
minimally invasive nature of the operation and sufficient stability
of the screws. Additionally, when removing the compression
screw, inserting the Kirschner needle along the original surgical
incision and removing the screw along the guide needle to
achieve a minimally invasive operation are necessary.

Hollow screw fixation is often controversial in children with
ulnar olecranon fractures because of potential damage to the
growth plate caused by a large screw. Compression screw fixation
for ulnar olecranon fractures is mostly used in adults and
children with osteogenesis imperfecta (15, 16), and the main
concern is an injury to the ulnar olecranon epiphyseal plate in
children, leading to forearm deformity and growth arrest (17).
Ulnar olecranon epiphyseal ossification centers appear at 9-11
years of age and begin to heal with the ulnar shaft around the
age of 17 years, whereas 15% of the ulna growth depends on
the proximal growth plate, and the growth rate drops to 5% by
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the age of 8 years (18). In recent years, some researchers have
applied screws to ulnar olecranon fractures in healthy children
(9, 19) and achieved a clinical efficacy similar to that of tension
band wires. Bilateral AP and lateral radiographs were examined
after 6 months to study the effect of screws on premature
epiphyseal closure and extremity length. Despite the premature
closure of epiphyseal plate in six cases, no angle and ulnar length
deformity was observed and no significant difference was
observed in the elbow ROM score. Considering the smaller
growth potential of the remaining olecranon in older children
and stimulation of the epiphysis by the screw’s small diameter
and minimally invasive approach to preserve the olecranon blood
supply, we suggest that the use of hollow screws results in
negligible ulnar growth in older children. However, long-term
follow-up is required to confirm whether the ulna is affected
after the epiphyseal plate is completely closed.

We used QuickDASH and elbow ROM as evaluation index at 6
months after surgery. This scoring system can balance children’s
subjective feelings with the doctor’s objective evaluation (20). In
the TBW group, more than one child had a low score owing to a
restricted ROM and pain. However, in the Herbert Screw group,
children had higher acceptance, lower QuickDASH scores, and
lesser endoplant-induced pain and activity restriction than those
in the TBW group. We investigated the subjective feelings of the
children and their parents when they had a strong desire to
remove the internal fixation. Compared with those in the hollow
screw group, patients in the TBW group strongly desired to have
their internal fixation removed. Subjective factors are involved in
this process; however, the compression screw group can be better
accepted in evaluating the result.

This study had some limitations. First, this was a single-center
study, and the sample size was small. Second, this study was
retrospective, and the choice of surgical modality depended on
the preference of the surgeon rather than randomization. Third,
the follow-up duration was short. Finally, no data were provided
on the ulna evaluation when the ulnar epiphysis was closed.

In conclusion, according to our study, TBW and screws
achieved similar clinical results in treating ulnar olecranon
fractures in children. Screw fixation is not contraindicated;
rather, it offers unique advantages in terms of bleeding, operative
time, and postoperative complications. Long-term follow-up is
needed to observe ulnar growth after screw fixation.
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rhabdomyosarcoma in a
3-year-old patient

Zijian Liang, Menglong Lan, Xiaogang Xu, Fei Liu, Boyuan Tao,
Xinxing Wang and Jixiao Zeng*

Department of Pediatric Surgery, Guangzhou Women and Children’s Medical Center, Guangzhou
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Periampullary neoplasm is rare in pediatric patients and has constituted a strict
indication for pancreatoduodenectomy (PD), which is a procedure sporadically
reported in the literature among children. Robotic PD has been routinely
performed for periampullary neoplasm in periampullary neoplasm, but only a
few cases in pediatric patients have been reported. Here, we report the case
of a 3-year-old patient with periampullary rhabdomyosarcoma treated with
robotic pylorus-preserving PD and share our experience with this procedure in
pediatric patients. A 3-year-old patient presented with obstructive jaundice
and a mass in the pancreatic head revealed by imaging. A laparoscopic biopsy
was performed. Jaundice progressed with abdominal pain and elevated alpha-
amylase leading to urgent robotic exploration in which a periampullary
neoplasm was revealed and pathologically diagnosed as rhabdomyosarcoma
by frozen section examination. After pylorus-preserving PD, we performed a
conventional jejunal loop following a child reconstruction, including an end-
to-end pancreaticojejunostomy, followed by end-to-side hepaticojejunostomy
and duodenojejunostomy. Delayed gastric emptying (DGE) presented with
increasing drain from the nasogastric tube (NGT) a week after the surgery and
improved spontaneously within 10 days. In a 13-month follow-up until the
present, our case patient recovered well without potentially fatal
complications, such as pancreatic fistula. Robotic PD in pediatric patients was
safe and effective without intra- or postoperative complications.

KEYWORDS

robotic pancreatoduodenectomy, periampullary neoplasm, rhabdomyosarcoma, child,
case report

Introduction

Pancreatoduodenectomy (PD) was first introduced in a case report by Whipple et al. in
1935 (1). The pylorus-preserving modification was described by Traverso and Longmire in
1978 (2). Currently, PD is routinely performed for pancreatic head neoplasms. Parallel to
the development of surgical instruments and the introduction of minimally invasive
surgery, laparoscopic and robotic PD has become a common procedure and has been
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reported to have better clinical outcomes compared with open
surgery (3-6). However, laparoscopic and robotic PD for pediatric
patients has only been sporadically reported in the literature (7-9).
Here, we report the case of a 3-year-old patient with
periampullary rhabdomyosarcoma treated with robotic pylorus-
preserving pancreatoduodenectomy (PPPD) and share our
experience with this procedure in pediatric patients. We present

the following case in accordance with the SCARE criteria (10).

Case description

A 3-year-old Chinese patient was referred to our hospital
because of white, clay-like stools and a 34 mm Xx29mm X
34 mm mass in the lower part of the biliary tract and pancreatic
uncinate process revealed by ultrasonic examination. The patient
had intermittent abdominal pain and did not have any signs of
fever, abdominal distention, emesis, or skin itching in the
previous 20 days. No eventful history was found after a detailed
consultation. Physical examination revealed slight conjunctival
jaundice without any abdominal abnormal signs. Laboratory tests
revealed elevated liver enzymes [alanine aminotransferase (ALT)
455 U/L, aspartate aminotransferase (AST) 366 U/L, gamma-
glutamyl (GGT) 1,637U/L] and
jaundice with total bilirubin of 74.2 umol/L and direct bilirubin
of 52.6umol/L. Carbohydrate antigen-199 (Ca-199) was
3,752.91 IU/ml and neuron-specific enolase (NSE) was 56.21 ng/ml.

Computed tomography (CT) scan of the abdomen and pelvis

transferase obstructive

with an intravenous contrast agent revealed an ill-defined
2.9 cm x 2.8 cm mass with delay enhancement in the uncinate
process and common bile duct (CBD) and dilation in the
biliary system (Figures 1A,C,E). Magnetic resonance (MR)
imaging showed a 2.6 cmx3.6 cmx2.1 cm mass assumed
to originate in the CBD, presenting an equal signal on TIWI
and an equal-high signal on T2WI, which caused a thorough
cutoff of the CBD (Figures 1G,H). Proximal biliary tract
diameter was 2.2cm while the MPD measured 0.1 cm.
Positron emission tomography (PET) did not show any
extrapancreatic disease.

As malignant pancreatic tumors are rare in children, the
diagnosis with the pathological result would be the key
for further management. A laparoscopic biopsy with
cholecystostomy drainage was performed. The cholecystostomy
for biliary drainage was successful as the level of bilirubin
decreased; however, the biopsy was negative. While waiting
1 week for the pathological result, we performed another
CT scan, which showed that the mass had enlarged to 4.4 cm x
43 cm (Figures 1B,D,F) while alpha-amylase had risen to
549 U/L. Surgery was decided upon due to the rapid evolution
of tumor size and increased signs of abdominal pain. After
malignancy was confirmed by frozen section examination, a
PPPD with an end-to-end pancreatojejunostomy followed by
end-to-side hepaticojejunostomy and duodenojejunostomy was
performed. Liver enzymes, bilirubin, alpha-amylase, and Ca-199
gradually decreased to normal levels within one week after the
surgery. Amylase levels in the drainage fluid, tested every
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FIGURE 1

CT and MR results before radical surgery. (A,C,E) CT scan of the
abdomen and pelvis with intravenous contrast agent showing an
ill-defined 2.9 cm X 2.8cm mass with delayed enhancement of
the uncinate process with proximal dilatation. (G,H) MR imaging
showing a 26 cmx 3.6 cmx21 cm mass originating from the
common bile duct (CBD), presenting an equal signal on T1WI and
an equal-high signal on T2WI. The common bile duct (CBD) was
plugged up completely by the mass, resulting in the dilatation of
the proximal biliary system. The dilatation of the common bile
duct (CBD) reached 2.2 cm in diameter, and the pancreatic duct
also presented a slight dilation of 0.1cm. (B,D,F) CT scan for
reevaluation showing the enlarged mass.

3 days, were negative. The drains were removed when the daily
drains were <20 ml and lasted for more than 3 days. The
nasogastric tube (NGT) was removed 17 days postoperatively as
the drain had dropped to under 20 ml in the last 3 days, and
the patient was able to maintain unlimited oral intake in
21 days postoperatively. Delayed gastric emptying (DGE) was
defined as Grade B according to the International Study Group
of Pancreatic Surgery (11). Pathological examination with
desmin, myogenin, and myoD1 staining confirmed the
diagnosis of embryonal RMS originating from the ampulla
(Figure 2). Because of negative surgical margins and the
absence of lymph node involvement, the patient was classed as
low risk and was recommended to undergo chemotherapy after
fully recovering from surgery. At 13 months of follow-up, the
patient has tolerated chemotherapy well and has shown no

signs of recurrence.

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1284257
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Liang et al.

10.3389/fsurg.2024.1284257

| o O - g pri
L STAERT .%'-?g’h&-.
TR ey e T Tt Y SN
FIGURE 2

Pathological results confirmed the diagnosis of rhabdomyosarcoma. In hematoxylin—eosin staining, the lesion was located under the epithelium and
formed a neoplastic layer parallel to the epithelium with small round atypic cells with obvious heteromorphism (A), and positive markers such as
desmin (B), myoD1 (C), and myogenin (D) staining confirmed the diagnosis of embryonal RMS originated in the ampulla.

Surgical procedure

The patient was placed in the supine position. A five-port
approach is shown in Figure 3A with the da Vinci Xi Surgical
System. After creating a pneumoperitoneum (8 mmHg), we
placed a 8 mm trocar at the umbilicus. Next, the remaining
8 mm robotic arm ports were inserted under safe vision. The
first robotic arm (R1) was placed along the left midclavicular line
crossing with the transverse umbilical line. The second robotic
arm (R2) was placed along the right midclavicular line crossing
2 cm below the transverse umbilical line. The third robotic arm
(R3) was placed under the costal margin crossing with the right
anterior axillary line. Another 5mm trocar was placed for the
assistant surgeon to control suction and pass sutures.

A brief view of the abdominal cavity showed no metastasis
lesions, and the CBD was dilated to a maximum diameter of
2 cm. The gastrocolic ligament was divided using the harmonic
and the
transabdominal stay sutures so that the enlarged pancreatic head

scalpel, stomach was lifted upward with two
was exposed. Next, we performed a choledochotomy where a
neoplasm that resembled a cluster of grapes was revealed
(Figure 3B). Biopsy was taken from both the neoplasm in the

CBD and pancreatic head for fast-frozen section examination.

Frontiers in Surgery

The neoplasm showed small round atypic cells with obvious
heteromorphism within the lesion; therefore, a malignant
pancreatic head tumor was suspected, and the PD procedure
was indicated.

After performing a 5-0 polydioxanone suture (PDS) in the
biopsy site for hemostasis and closure of the tumor, we identified
the anatomy in the hepatic hilum. Next, we identified the
common hepatic artery (CHA), gastroduodenal artery (GDA),
portal vein (PV), and biliary system, ligated the GDA at its
origin, and identified and dissected the superior margin of the
pancreas. During the dissection, the superior mesenteric vein
(SMV) and the branches, including the superior right colic vein,
the right gastroepiploic vein, and the gastrocolic trunk, were
carefully divided. Then, we moved the horizontal portion of the
duodenum and the dorsal portion of the pancreatic head using
the Kocher maneuver and partially divided the Treitz ligament
and duodenojejunal flexure for better transection of the first
jejunal loop. Following the identification and ligation of the
cystic artery, the gallbladder and the CBD were dissected and
removed. The duodenum was then transected distal to the
pylorus (Figure 3C). Simultaneously, we performed lymph node
dissection of the coeliac trunk, hepatoduodenal ligament, SMV,
the right side of the superior mesenteric artery, and the
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FIGURE 3

Robotic dissection in pylorus-preserving pancreatoduodenectomy
(PPPD). (A) Port set up during surgery. (B) A neoplasm resembled a
cluster of grapes inside the common bile duct (CBD). (C) The
duodenum was transected at 2 cm distal to the pylorus. (D) The
skeletonized SMV/SMA and dissected retroperitoneum with
peripancreatic soft tissue and the nerve plexuses removed. (E)
After the specimen was taken out, a stump of the common
hepatic duct, pancreas, and duodenum. (F) A 3F ureteral stent tube
was inserted into the MPD as an internal stent and fixed to the
MPD with 4-0 Prolene.

lymphatic tissue behind the pancreatic head; the specimens were
sent for pathological examination (Figure 3D).

Next, we began to divide the pancreas and SMV from the
pancreatic head to create the pancreatic tunnel using a harmonic
scalpel. Through the tunnel, the transection of the pancreatic
parenchyma was made until the main pancreatic duct (MPD)
was identified and cut by scissors. We found a 1.5 mm MPD in
the posteriolateral portion of the pancreas. An end-to-end
pancreatojejunostomy was preferred to avoid anastomotic
stenosis. We dissociated the stump from the tissues around the
pancreas for 2 cm, which were used later for anastomosis.

After the dissection was completed, the specimens were put
into an Endo Bag to avoid tumor dissemination. The margin of
the duodenum, pancreas, and dissected peripyloric lymph nodes
were sent for fast-frozen section examination; a negative result
supported our choice for a PPPD.

A child reconstruction was performed sequentially: an end-

to-end pancreaticojejunostomy, followed by an end-to-side
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FIGURE 4

Robotic child
pancreatojejunostomy. (B) End-to-side single layer barbed suture
hepaticojejunostomy. (C) The distal and free portion of omentum

reconstruction and specimens. (A) End-to-end

was  fixed  with 5-0 Prolene  suture  around the
pancreatojejunostomy anastomosis as a mattress. (D) End-to-side
single-layer barbed suture duodenojejunostomy. (E) Specimens
removed with the Endo Bag.

hepaticojejunostomy and duodenojejunostomy (Figure 3E). A 3F
ureteral stent tube was inserted into the MPD as an internal stent
and fixed with 4-0 Prolene (Figure 3F). Then a single layer of
continuous suturing was performed in anterior and posterior
anastomosis between the pancreatic stump and dissected jejunum,
respectively. To avoid pancreatic leaks, we passed every suture
through the entire layer of the jejunum and vertically into the
pancreas. Finally, both ends of the sutures in the anterior and
posterior walls were tightened and tied for complete coverage by
the jejunal end (Figure 4A). Before the hepaticojejunostomy and
duodenojejunostomy anastomosis was performed, the jejunal loop
was rotated behind the mesenteric root, and hepaticojejunostomy
was created where the loop was placed at the hepatic hilum
without any tension. The hepaticojejunostomy anastomosis was
performed in a single layer with a barbed suture, posterior and
anterior, respectively (Figure 4B). The distal and free portion of
the omentum was fixed with a 5-0 Prolene suture around the
pancreatojejunostomy anastomosis as a mattress (Figure 4C). Then
the jejunal loop was placed in an antecolic position, and end-to-
side duodenojejunostomy was created. The duodenojejunostomy
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was performed in a single layer with a barbed suture, posterior and
anterior, separately (Figure 4D). Three drains were placed close to
the anastomoses. After being taken out with the Endo Bag, the
specimens were dissected; these revealed a neoplasm that
originated in the ampulla (Figure 4E).

Discussion

RMS is a rare malignant tumor morphologically akin to the
skeletal muscle (12). Its incidence rate is 4.5 cases per million
people per year, occurring more often in children than in adults
(13). In children, the most common sites include the head and
neck, genitourinary tract, and extremities; the retroperitoneum or
biliary tract has only been sporadically reported in the literature
(14, 15). The disease presents differently according to the
involved site. Diagnosis is usually made by direct biopsy (12,
14-16). Multidisciplinary treatments such as chemotherapy,
radiation, and surgery have helped improve the survival rate to
70% over the past 30 years (17).

Our intraoperative decision to perform PPPD was fully justified
as our patient had no direct invasion into the surrounding organs
or any peripyloric lymph node metastases, as confirmed by a frozen
section examination (4, 18). The rationale behind PPPD was to
reduce complications following gastric resection, such as
diarrhea, dumping, ulceration, and bile reflux gastritis (18, 19).
Other reported advantages are shorter surgical time (4, 19), less
intraoperative blood loss (4, 19) with similar complications
(4, 19), reoperation (4), mortality (4), and cumulative survival
rates (4) compared with standard PD. However, the effectiveness
of PPPD has been doubted since it was practiced clinically
for the common postoperative complication DGE and a
compromised resection that may fail to reach RO resection. In
our case, we found DGE as Grade B and performed RO resection
successfully, and lymph nodes were confirmed by pathological
results (11). DGE is one of the most common postoperative
complications in PPPD and is thought to be caused by damage
to the gastroenteric nervous system during surgery (18). DGE is
reported to be transient and will be recovered with gastric
suction for more than 10 days (18). In our case, the drain from
the NGT gradually decreased, and meals became tolerated 17
days after the surgery, which was consistent with the literature.
An early clinical report by Roder et al. (5) argued that an
incomprehensive resection in PPPD may lead to a failure of RO
resection. Other later studies have rejected this opinion,
suggesting that experienced surgeons can successfully perform a
standard PPPD with complete removal of lesions and lymph
nodes, leading to a successful RO resection (4, 18). In conclusion,
PPPD was a safe and effective surgical procedure for cancer in
the pancreatic head in selected cases (4, 18).

Various suture techniques for pancreatojejunostomy have been
introduced, but none of these techniques have been accepted as
being optimal. The most popular techniques include end-to-side
duct-to-mucosa  anastomosis and end-to-end dunking or
invagination anastomosis (20, 21); other methods were mostly

modified from the above techniques (22-24). End-to-side
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duct-to-mucosa anastomosis is one of the most popular
techniques, as it is thought as the most histologically compatible
and has been reported to have excellent results in adults (5, 22,
25). Spagnoletti et al. performed PPPD and reported a successful
end-to-side duct-to-mucosa anastomosis in a 5-month-old
patient; the authors determined the method to be safe for
pediatric patients (7). However, the authors also warned that the
small MPD should be carefully managed during the suture in
case of tearing the fragile tissue (7). Narrow MPD was a relative
(26). This

technique is a complex procedure that requires sutures through

contraindication for duct-to-mucosa anastomosis

the fragile tissue of the pancreas and has a high risk of tearing
(27), especially in pediatric patients. Therefore, our team chose
single-layer continuous sutures in the pancreatojejunostomy
anastomosis with a stent to avoid tissue tearing and stenosis of
the MPD. Our experience in end-to-end pancreatojejunostomy in
pediatric patients may provide a reference for other surgeons
who encounter similar cases.

Postoperative pancreatic fistula is the most challenging
complication in PD. A pancreatic fistula is defined as any
measurable volume of drain fluid on or after postoperative day 3
with an amylase level elevated to more than three times the
upper limit of normal amylase (28). Our team sent the fluid to
the anastomotic site for amylase examination every 3 days to
exclude the pancreatic fistula. In our case, the patient recovered
well without leak or fistula formation. Pancreatic leak and fistula
formation are mostly related to the decrease in rate in the
technique of pancreatic anastomosis and precise suturing of
anastomoses by surgeons (21). In our experience, with the
assistance of a modern robotic system, the three-dimensional
field of vision made the anatomy of the pancreatic duct so clear
that the anastomosis could be precisely sutured. However, no
significant difference was found in the rate of pancreatic fistula
between the robotic and open PD in recent studies (29-31). In
addition to the suture technique, there are multiple factors
responsible for pancreatic fistula formation after PD. Avoidance
of pancreatic fistula has still a long way to go.

The robotic system used in the present study provided a wide
EndoWrist
allowing seven degrees of freedom, and a steady traction without

three-dimensional field of vision, flexible tools,
physiological tremor and allowed better control of hemostasis
and precise dissection of tissues and hard sutures (32). After
being practiced for more than a decade, the robotic approach is
thought to be a major improvement over the traditional
laparoscopic approach and could be applied to more complex
PD is widely

accepted as one of the most complicated procedures in general

procedures in a minimally invasive way (32).

surgery because of the wide dissection and three anastomoses
involved. Robotic PD in adults has been reported to have better
efficacy and safety (3, 25, 33, 34). Despite the reported
advantages of robotic surgery, this approach is rarely used in
pediatric surgery with only a few published reports (7-9). Our
patient recovered well without complications, which proves
robotic PD in pediatric patients to be safe and effective.

In conclusion, we presented here the first and youngest case of
robotic PPPD for periampullary RMS in a pediatric patient. With
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the assistance of a modern robotic system, we performed an RO
child with
end-to-side hepaticojejunostomy, and

resection and a reconstruction end-to-end
pancreatojejunostomy,
duodenojejunostomy. Although DGE was found in our case, the
patient fatal

complications such as pancreatic fistula or leak. The case

recovered quickly within 3 weeks without

reported here demonstrates robotic PD in pediatric patients to be
safe and effective without intra- or postoperative complications.
However, further studies with longer follow-ups are required to
evaluate clinical results.
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