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Abstract

Purpose: A minimally invasive Thoracoscopic Surgery (TS) offers several options in diagnosis and surgical treatment in pediatric surgery. This study evaluates
experience and outcome of thoracoscopic surgery in pediatrics during 10 years period in tertiary hospital.

Patients and methods: This retrospective study conducted at King Faisal Hospital and Research Center, Jeddah, Saudi Arabia from 2012 to 2022. Data of 43
patients who underwent TS were enrolled. Data include patient’s demographic characteristics, co-morbidity, diagnosis, type of thoracoscopic procedures, time
of intervention, length of hospital stay, post-operative complications.

Results: Mean age of patients was 4.99 years. Females were more than males (55.8 vs. 44.2%). Sixteen (37.2%) patients had comorbidities. Thoracoscopic proce-
dures were feasible in 43 children and adolescents with chest diseases including lung empyema (20.9%), congenital lobar emphysema (14.0%), interstitial lung
disease (14.0%), congenital pulmonary airway malformation (11.6%), mediastinal mass (9.3%), lung metastasis (11.6%), lymphoma (4.7%), chronic inflamma-
tions (7.0%), hemothorax (2.3%), bronchogenic cyst (2.3%), pleural effusion (2.3%) and pulmonary sequestration and right diaphragmatic hernia (2.3%). Proce-
dures were made mostly for lung biopsy (25.0%), lobectomy (22.7%), decortication (20.9%), mediastinum mass resection (6.8%), lung metastasectomy (6.8%),
lymph node biopsy (4.5%), diagnostic (4.6%), cyst excision (4.6%), diaphragmatic hernia repair (2.3%) and thymectomy (2.3%). Duration of hospital stay ranged
from 2-180 days. All of the cases had chest drain (100.0%) and some of them required post-operative intubations (30.2%). Conversion rate to open was (4.7%).
Complications were pneumothorax (7.0%), bleeding (2.3%) and air leak (2.3%).

Conclusions: Thoracoscopic approach is a challenging method for diagnosis and treatment in pediatrics. However, complications were reported as pneumo-
thorax, bleeding and air leak. In order to improve results, conversion rates, and the capacity to handle thoracoscopic complications, proper training is crucial.
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Introduction biopsy became accepted, and, in many cases, it is a superior approach
for obtaining tissue in cases of malignancy or interstitial lung disease

[5].

Minimally invasive surgery has been heralded as the criterion
standard of care for many surgical procedures and in pediatric

population; since its initial description [1]. It involves using a Nowadays, there is an increase in recognition of potential
small incision to perform surgical procedures, in which minimized  advantages of thoracoscopy worldwide. Its focus on decreasing
unnecessary trauma to surrounding tissue at surgery site [2]. lung parenchyma damage that will lead to a shorter hospital stay,

less wound infection and post-operative pain, less musculoskeletal
complications that noted after posterolateral thoracotomy and
improved cosmesis after thoracoscopy [6]. Despite increasing
recognition of thoracoscopy potential advantages, it did not gain
widespread acceptance or popularity owing to technical and anesthetic
difficulties [7]. Many pediatric and neonatal surgical conditions
approached through a thoracoscopy, including repair of esophageal
atresia/tracheoesophageal fistula, congenital diaphragmatic hernia,
lung resection and biopsies, treatment of empyema and mediastinal
masses [8].

Thoracoscopy was introduced more than a hundred years ago by
Swedish physician, Hans Christian Jacobaeus. In 1910, he reported
his initial experience after inserting a cystoscope into pleural cavity
to make lysis of tuberculous pleural adhesion. But it was not till
almost 70 years later in 1976, when Rodgers and Talbert [3], put
thoracoscopy into first practical use for pediatric patients. At this early
stage, thoracoscopic procedures in children were only limited to lung
biopsies, evaluation of pulmonary or thoracic lesions, and regional
decortication of an empyema [4]. By mid-1990s thoracoscopic lung

This study aims to identify thoracoscopy usage and outcome in a
large variety of pediatric surgical diseases in a single Tertiary hospital
during 10 years period and to measure the rate of its complications.

Materials and Methods

This retrospective study conducted at King Faisal Hospital and
Research Center, Jeddah, Saudi Arabia. Data of all patients who
Manuscript compiled: Oct 11%, 2023 underwent thoracoscopy at King Faisal Hospital and Research
Center during period from 2012 to 2022 were collected. Excluded
from the study were cases referred with complications after primary
operation done in another hospital. Data include patient’s age, gender,
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presence of co-morbidity, diagnosis, thoracoscopic procedure, time of
intervention, time of recovery, length of hospital stay, post-operative
complications in follow up within two years. The data collected into
excel sheet form medical records. TS were made by rigid 5 mm
diameter thoracoscopy (30 degrees, via 3 or 4 trocar ports (1.0 cm
long skin incision).

Sample size

Samples included all patients who meet inclusion criteria during
period from 2012 to 2022.

Data analysis

Data were analyzed using Statistical Package for Social Sciences
(SPSS) (IBM SPSS, IBM Corp., Armonk, N.Y., USA) version 22. The
quantitative data presented as mean, standard deviation (minimum -
maximum). The categorical data presented frequency and percentage.

Results

Table 1 showed the demographic characteristics of the patients.
The mean age of the studied groups was 4.99 years (SD 4.09). The
females were more than males (55.8 vs. 44.2%). Sixteen (37.2%) of the
patients has comorbidities, of the 5 (11.6%) had malignancy, 3 (7.0%)
respiratory distress, 2 (4.7%) CNS diseases, 2 (4.7%) hematological
diseases, 1 (2.3%) congenital heart disease, 1 (2.3%) inflammatory
disease and 1 (2.3%) leukemia.

The most common diagnosis was lung empyema (n=9, 20.9%),
then congenital lobar emphysema (n=6, 14.0%), interstitial lung
disease (n=6, 14.0%), congenital pulmonary airway malformation
(n=5, 11.6%), mediastinal mass (n=4, 9.3%), lung metastasis (n=5,
11.6%), lymphoma (n=2, 4.7%), chronic inflammation (n=3, 7.0%),
hemothorax (n=1, 2.3%), bronchogenic cyst (n=1, 2.3%), pleural
effusion (n=1, 2.3%) and pulmonary sequestration and right
diaphragmatic hernia (n=1, 2.3%). The operative time range from
22 to 395 min. The procedures were mostly thoracoscopic lung
biopsy (25.0%), thoracoscopic lobectomy (22.7%), thoracoscopic
decortication (20.9%), thoracoscopic resection of mediastinum
(6.8%), thoracoscopic lung metastasectomy (6.8%),
thoracoscopic lymph node biopsy (4.5%), Diagnostic thoracoscopy
(4.6%), thoracoscopic cyst excision (4.6%), thoracoscopic repair of
diaphragmatic hernia (2.3%) and thoracoscopic thymectomy (2.3%).
Post-operative recovery duration ranges from 24 to 672 hours.
Duration of hospital stay ranged from 2-180 days. The chest drain was
inserted in all patients (100.0%) with mean duration of chest drain

mass

Table 1: Demographic characteristics of patient's underwent thoracoscopic
procedures (n=43).

Characteristics Value
Age (years) 4.99 + 4.09 (0.08-14.00)
Gender
Male 19 (44.2%)
Female 24 (55.8%)
Comorbidity
No 27 (62.8%)
Yes 16 (37.2%)
Malignancy 5 (11.6%)
Respiratory diseases 3 (7.0%)
Central Nervous System (CNS) diseases 2 (4.7%)
Hematological diseases 2 (4.7%)
Congenital heart disease 1(2.3%)
Inflammatory disease 1(2.3%)
Leukemia 1(2.3%)

Data expressed as frequency (%) for categorized data and mean + standard
deviation (minimum-maximum) for parametric data.

8.66 days; post-operative intubation required in 13 patients (30.2%)
with mean days of intubation was 5.73. The conversion to open in 2
cases (4.7%). Complications were pneumothorax in 3 cases (7.0%),
bleeding in one case (2.3%) and air leak in one case (2.3%) (Table 2).

Discussion

Over the last decade thoracoscopy became increasingly important
tool in pediatric surgery. The limited explorations, biopsies, and
debridement’s described by Rodgers in the mid to late 1970s replaced
by extensive, technically demanding resections and reconstructive
procedures [9]. The results of this study revealed that in our institute
over 10 years period thoracoscopy was performed in 43 children and
adolescents underwent 44 thoracoscopic procedures as diagnostic
and therapeutic strategies for various chest diseases as lung empyema
(20.9%), congenital lobar emphysema (14.0%), interstitial lung
disease (14.0%), congenital pulmonary airway malformation (11.6%),
mediastinal mass (9.34%), lung metastasis (11.6%), lymphoma (4.7%),
chronic inflammations (7.0%), hemothorax (2.3%), bronchogenic cyst
(2.3%), pleural effusion (2.3%) pulmonary sequestration and right
diaphragmatic hernia (2.3%). Due to its technical difficulty, only a few
small series have been published and the initial results are encouraging
[10-12]. Most studies used thoracoscopy for management of empyema
[13-17], pneumothorax [18-20], congenital lung lesions [7,9,21-24],

Table 2: Operative characteristics of patient's underwent thoracoscopy
procedures (n=43).

Characteristics Value
Diagnosis

Lung empyema 9 (20.9%)
Congenital lobar emphysema 6 (14.0%)
Interstitial lung disease 6 (14.0%)
Congenital pulmonary airway malformation 5(11.6%)
Mediastina mass 4(9.3%)
Lung metastatic 5(11.6%)
Lymphoma 2 (4.7%)
Chronic inflammations 3 (7.0%)
Hemothorax 1(2.3%)
Bronchogenic cyst 1(2.3%)
Pleural effusion 1(2.3%)
Right diaphragmatic hernia with pulmonary 1 (23%)

sequestration
Operation time (minutes)
Thoracoscopic Procedures

133.58 + 80.57 (22-395)

Lung biopsy 11 (25.0%)

Lobectomy 10 (22.7%)
Decortication 9 (20.9%)
Resection of mediastinum mass 3 (6.8%)
Lung metastasectomy 3 (6.8%)
Cyst Excision 2 (4.7%)

Lymph node biopsy 2 (4.5%)
Diagnostic 2 (4.6%)
Diaphragmatic hernia repair 1(2.3%)
Thymectomy 1(2.3%)

Post-operative recovery (hours)
Duration of hospital stay (days)

132.52 + 164.99 (24-672)
20.63 + 30.45 (2-180)

Chest drain 43 (100.0%)
Duration of chest drain (days) 8.66 + 9.97 (2-45)
Intubations 13 (30.2%)

Intubation duration (days) 5.73 + 5.41 (1.00-13.00)

Convert to open 2 (4.7%)
Complications
Pneumothorax 3 (7.0%)
Bleeding 1(2.3%)
Leak 1(2.3%)

Data expressed as frequency (%) for categorized data and mean + standard
deviation (minimum - maximum) for parametric data.
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esophageal atresia with or without trachea-esophageal fistula [10-
12,25-30] and congenital diaphragmatic hernia [10,31-40].

Since practically all chest conditions can be treated
thoracoscopically, there are neither strict rules against it nor definite
advice on which thoracic conditions should or should not be done
thus. In this study, the operative time range from 22 min to 395 min.
The procedures done were mostly lung biopsy (25.0%), lobectomy
(22.7%), decortication (20.9%), resection of mediastinum mass
(6.8%), lung metastasectomy (6.8%), lymph node biopsy (4.5%),
diagnostic thoracoscopy (4.6%), cyst excision (4.6%), diaphragmatic
hernia repair (2.3%) and thymectomy (2.3%). Thoracic empyema
was first disease in which the thoracoscopic approach used [41,42].
Following failure of initial conservative therapy with chest tube
drainage and antibiotics, early thoracoscopic decortication is advised
[43]. Contrary to basic conservative therapy, primary spontaneous
pneumothorax treated by thoracoscopic bullectomy without need for
extended chest tube drainage and hospitalization [20]. Thoracoscopic
lung biopsy is recommended as a day-case operation in some
places and utilized as a diagnostic tool for intrathoracic tumors and
interstitial lung disease [44]. With the thoracoscopic approach the
entire surface of lung and pleura can be evaluated and multiple biopsies
can be obtained [45]. Comparing to an open method, thoracoscopic
resection of children's anterior and posterior mediastinal lesions
provides greater access [46,47]. In comparison to adult lobectomy,
thoracoscopy lobectomy is a difficult procedure and more technically
demanding. This may be because of the restricted workspace or the
complex nature of lung pathology, which carries a risk of bleeding
[48]. Albanese and Rothenberg [49] published their experience with
144 consecutive lobectomies in 2007. Of these 144 patients, 141
procedures were done thoracoscopically. Only one intraoperative
complication occurred. Average operation time was longer than for
conventional open surgery, but hospital stay was shorter (2-8 days).
During thoracoscopic lobectomy, Rothenberg et al. [50] reported
bleeding (2.67%), air leak (2.67%) and infection (4%); Boubnova et
al. [51] reported air leak (6.25%) and phrenic nerve injury (6.25%);
Zhang et al. [52] reported conversion to open (0.7%); Rothenberg et
al. [50] reported air leak (0.9%) and conversion to open (1.0%); Seong
et al. [53] reported bleeding (2.7%), air leak (5.4%) and conversion to
open (23.0%). Congenital lobar emphysema, congenital pulmonary
adenomatoid malformation, and pulmonary sequestration are among
congenital disorders for which lobectomy is indicated; lobectomy
for malignant tumors is infrequently done [54,55]. Repair of
tracheoesophageal fistula and esophageal atresia can be performed
thoracoscopically [27,56,57]. Hemodynamic instability, a low body
weight (2 kg), and an inability to tolerate single-lung breathing
are all factors that make thoracic closure of esophageal atresia
unsuitable for some newborns [58]. An anastomotic stricture (30%
to 40%) [45,59] and anastomosis leaking (12% to 22%) are frequent
complications but most of these can be treated conservatively [59].
Using a thoracoscopic method, Bochdalek's congenital diaphragmatic
hernia is also frequently treated. Due to the underlying pulmonary
hypoplasia, the thoracic cavity on the affected side affords excellent
working space, for which only very-low-pressure low-flow carbon
dioxide insufflation is essential and single-lung ventilation may not
be necessary [60]. Thoracoscopy used for primary repair of neonatal
hernia either directly or by patch repair [61,62]. Thoracoscopic repair
of the neonatal hernia has several drawbacks, namely longer operative
time compared to open repair [63], conversion to open repair which
ranges from 3% to 14% [64], and recurrence of hernia (from 14% to

21%) [65].

Thoracoscopic procedures are fraught with difficulties, which
include a small working space, difficulty in controlling vascular
structures, two-dimensional vision and limited tactile feedback, all
of which result in a steep learning curve [66]. In this study, post-
operative recovery duration ranged from 24 to 672 hours. Duration
of hospital stay ranged from 2-180 days. There were no mortalities
associated with the thoracoscopic surgical procedures in the present
series.

Complications reported during the follow up period in this study
were pneumothorax in 3 cases (7.0%), bleeding in one case (2.3%)
and air leak in one case (2.3%). A thoracoscopic approach results
in decreased postoperative pain, and a superior cosmetic result; the
greatest advantage is the avoidance of a formal thoracotomy with its
inherent long-term morbidity of scoliosis, shoulder muscle girdle
weakness, and chest wall deformity [67]. In addition, the significant
decrease in overall wound lengths and tension reduced the risks of
wound infection and dehiscence that associated with shorter hospital
stays and earlier recovery [68]. Pain is less frequently reported after
thoracoscopy compared to thoracotomy, and usually, it is related
to port incisions. Local infiltrating anesthesia at the site of trocar
insertion before the closure is helpful to control postoperative pain. An
intercostal nerve block can also be done under direct visualization at
the conclusion of the procedure [8]. Bleeding is of special importance
during thoracoscopy because bleeding control can be problematic.
Bleeding can be managed either by open conversion or identifying
the bleeding site and clipping or cauterization under direct vision.
Avoid blind clipping or cauterization as it may lead to serious injury
to vital structures [6]. Vigorous manipulation during the extraction
of the specimen from the chest cavity should be avoided as it can lead
to dissemination of infection or implementation of malignant cells on
the chest wall [6]. If postoperative bleeding or air leak are anticipated,
insert a chest tube. Otherwise, use suction through the last port and
ask the anesthesiologist to keep the lung expanded until the closure is
completed [6]. Thoracoscopy is used in different surgical procedures
in the pediatric population. Various complications were reported, and
careful planning and training are required for better outcomes.

Limitations

The retrospective nature is one limitation due to restriction of
getting all data about the patients and management of the developed
complications. Another limitation of this study was the absence of
a control population of children managed by using a thoracotomy.
However, a true comparative trial would most likely be impossible
owing to the overwhelming acceptance of minimal access techniques
for children.

Conclusions

Thoracoscopic approach is a challenging method in the diagnosis
and treatment of children and adolescent’s pulmonary diseases.
The long-term benefit of this technique is that it spares growing
children from a thoracotomy procedure that has the potential for late
musculoskeletal morbidity none of which was noted in this series,
decreased operation time, duration of hospital stays and decreased
wound infection. However, many complications were reported
pneumothorax, bleeding and air leak. Proper training is essential as
it affects the outcomes and conversion rate and enhances the ability
to manage the complications thoracoscopically. Conversion should
not be considered as treatment failure, and its possibility should be
explained to the patients/parents and stated clearly in the consent.
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