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Introduction

The use of video-assisted thoracoscopic surgery (VATS) has
exponentially gained popularity among pediatric surgeons
over the last three decades.1

After initial diagnostic procedures reported in the mid
1970s,2 the deployment of pediatric VATS was at the begin-
ning slow, primarily because of the limitations of the instru-
mentation.3 In the past 30 years, the development of suitably
small, high-quality instruments, allowed minimally invasive
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Abstract Introduction The pros and cons of video-assisted thoracoscopic versus conventional
thoracic surgery in infants and children are still under debate. We assessed reported
advantages and disadvantages of video-assisted thoracoscopy in pediatric surgical
procedures, as well as the evidence level of the available data.
Materials and Methods A systematic literature search was performed to identify
manuscripts comparing video-assisted thoracoscopic and the respective conventional
thoracic approach in classic operative indications of pediatric surgery. Outcome
parameters were analyzed and graded for level of evidence (according to the Oxford
Centre of Evidence-Based Medicine).
Results A total of 48 comparative studies reporting on 12,709 patients, 11 meta-
analyses, and one pilot randomized controlled trial including 20 patients were
identified. More than 15 different types of advantages for video-assisted thoracoscopic
surgery were described, mostly with a level of evidence 3b or 3a. Most frequently video-
assisted thoracoscopic surgery was associated with shorter hospital stay, shorter
postoperative ventilation, and shorter time to chest drain removal. Mortality rate
and severe complications did not differ between thoracoscopic and conventional
thoracic pediatric surgery, except for congenital diaphragmatic hernia repair with a
lower mortality and higher recurrence rate after thoracoscopic repair. The most
frequently reported disadvantage for video-assisted thoracoscopic surgery was longer
operative time.
Conclusion The available data point toward improved recovery in pediatric video-
assisted thoracoscopic surgery despite longer operative times. Further randomized
controlled trials are needed to justify the widespread use of video assisted thoraco-
scopy in pediatric surgery.
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surgery to be performed even in neonates.3–5 This led to an
increased acceptance of VATS among pediatric surgeons.
Thoracoscopic approaches to over 20 types of pediatric
and neonatal surgical diseases have been introduced at the
beginning of the third millennium.6

Initially many enthusiastic reports and case series stated
the feasibility and the safety of VATS for pediatric procedures.
Proposed benefits of VATS included lower postoperative
pain, shorter hospital stay, less wound infection rate, and
less long-term musculoskeletal sequelae. However, high-
evidence data demonstrating its benefit compared with
conventional thoracic surgery (CTS) were lacking.7,8

The evidence level, that is, an evaluation of the scientific
quality of studies and the grade of recommendation on
which a physician should base his decision for or against a
particular method, is commonly graded according to the
classification published by the Oxford Centre of Evidence-
Based Medicine (OCEBM).9

In a previous analysis including all studies comparing
VATS to CTS in pediatric surgery up to 2012, we had focused
on the scarcity of studies and the lack of randomized
controlled trials (RCTs).10 In the meanwhile, a growing
number of pediatric surgical centers have implemented
VATS.

We therefore expected an increasing number of studies
concerning VATS in the present literature and thus aimed to

analyze the current stand of the literature focusing on
advantages and disadvantages of VATS in our present study.

Materials and Methods

Search and Selection Strategy
Comparative studies published in the English literature were
identified by a Medline literature search using PubMed
(www.pubmed.com). The applied search headings were the
respective pediatric surgical diagnosis or procedure (i.e.,
“pulmonary sequestration” or “lung resection”) combined
with the terms “minimally invasive surgery” or “thoraco-
scopy” and “infant” or “child” or “child, preschool” or “pedi-
atric” and “comparative study” or “randomized controlled
trial” or “meta-analysis.”

A total of 10 types of surgical procedures or diagnosis
were searched by C.Z. and N.S. (►Fig. 1). Articles published
until September 2019 were considered and selected accord-
ing to our inclusion criteria.

Titles and abstracts were individually reviewed by R.K.
and A.Z. and only those studies that specifically compared
results and clinical outcome of VATS with the correspond-
ing CTS in children were included for further analysis
(►Fig. 1). This study was undertaken according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).11

Fig. 1 Search and results of articles selection.
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Eligibility
Studies were eligible for inclusion for further analysis if they
studied pediatric patients, performed a direct comparison
between VATS and CTS and included outcomes and/or
operation data. Only full-text articles in English were
included.

Studies were excluded from analysis if they were not
published in English, reported on adult patients or robot-
assisted surgery, did not provide sufficient demographic or
outcome data, or were case reports or case series. Reference
from conference proceedingswere excludedwhen theywere
not published as journal article. Articles reporting on diag-
nostic procedures only and articles on empyema were also
excluded, as the comparing procedures were thoracoscopic
decortication and conservative treatment with chest tube
drainage and fibrinolysis.

End Points
Primary end point was advantages and disadvantages of
thoracoscopic procedures compared with the correspond-
ing conventional thoracic operation. Secondary endpoint
was their level of evidence in the literature. Advantages
were defined as factors that facilitated operation, reduced
the patient’s morbidity, led to a faster recovery, or
decreased complications. Disadvantages were defined as
factors that led to higher complication rate or mortality, or
prolonged the postoperative hospitalization. To evaluate
the available evidence, the studies were classified in
levels according to the OCEBM.9 Ethical approval was not
necessary as the study did not primarily involve human
subjects.

None of the authors has competing financial interests to
disclose.

Results

After systematic search (►Fig. 1), 60 manuscripts were
included for further analysis. Studies available were 49
comparative studies reporting on a total of 12,709 patients
and 11meta-analyses (MAs). Of the comparative studies, one
was an RCT (2%) reporting on 20 patients (0.02% of total
number of patients)12 and 48 were nonrandomized studies
(NRSs); of these two were prospective NRSs (4%) reporting
on 95 patients (0.8%)7,13 and 46 were retrospective studies
(94%) reporting on 12,594 patients (99.1%).

The RCT focused on two procedures: congenital diaphrag-
matic hernia and esophageal atresia.

The amount of comparative studies has been increasing in
the last years (►Fig. 2). No comparative study was published
from 1990 to 1999, while 13 NRSs were published during the
following decade and 47 studies (35 NRSs, 1 RCT, and 11
MAs) since 2010.

Congenital Diaphragmatic Hernia Repair
Seventeen NRSs (n¼ 8,124 patients), five MAs, and one RCT
(n¼ 10 patients) were identified (►Table 1). All NRSs had
level 3b and all MAs level 3a of evidence.

Advantages of VATS
Length of hospital stay was reported in 11 NRSs comparing
3,499 patients.14–24 Hospital stay was shorter in patients
undergoing VATS diaphragmatic hernia repair in five NRSs
(45.5%) including 3,287 patients (93.3%).14,15,19–21

Postoperative ventilation time was compared in 11 NRSs
reporting on 562 patients.14–20,23–26 Shorter postoperative
ventilation after VATS repair was found in seven studies
(63.6%) including427patients (45.1%).14,15,19,20,23,25,26Shorter

Fig. 2 Number of studies comparing video assisted thoracoscopic with conventional thoracic pediatric surgery during three decades. NRS,
nonrandomized study; RCT, randomized controlled trial; MA, meta-analysis.
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hospital stay and shorter postoperative ventilation in patients
undergoing VATS were confirmed in two MAs (evidence level
3a).27,28

Time to enteral feeding was described in six NRSs (evi-
dence level 3b) including 251 patients.14,16–18,23,24 Faster
time to enteral feeding was reported in two NRSs (33.3%)
including 89 patients.14,23

Lower postoperative need of narcotics, less severe compli-
cations,23 lower blood loss,24 and less small bowel adhesions21

were other advantages for VATS (evidence level 3b).
Mortality rate was analyzed in five MAs. In four of them

(80%), mortality was significantly lower in the VATS group
(evidence level 3a). However, in the MAs mortality outcome

was neither stratified according the type of diaphragmatic
hernia nor the severity of the patient’s conditions.

Disadvantages of VATS
Operative time was described in 12 NRSs including 593
patients14–18,20,22,24–26,29 and it has reported to be longer
in the VATS group in nine NRSs (75%) including 428
patients.15–17,22,23,25,26,29,30 These findings were confirmed
in all three MAs (level 3a of evidence).

Recurrence of diaphragmatic hernia was reported in 12
NRSs, including 7,993 patients.14–16,18–22,25,26,30,31 The rate
was significantly higher after thoracoscopic repair in five
NRSs (41.7%) reporting on 7,611 patients. All MAs confirmed

Table 1 Chronologic summary of studies comparing VATS to CTS for congenital diaphragmatic hernia repair

Congenital diaphragmatic hernia repair

Advantages of VATS Disadvantages of VATS

Length of
hospital
stay

Time to
chest drain
removal

Ventilation
time

other Operative
time

other

Nonrandomized studies

Cho et al16 (2009) – n/a – þ
Gourlay et al23 (2009) – n/a þ Time to feeding,

narcotics use, costs,
overall complications

þ

Lao et al17 (2010) – n/a – þ
McHoney et al29 (2010) n/a n/a n/a þ
Keijzer et al30 (2010) n/a n/a n/a þ
Gander et al15 (2011) þ n/a þ þ Recurrence

Fishman et al22 (2011) – n/a n/a þ
Tsao et al31 (2011) n/a n/a n/a – Recurrence

Szavay et al25 (2012) n/a n/a þ Post-op pCO2 þ
Nam et al18 (2013) – n/a – –

Tanaka et al24 (2013) – n/a – Blood loss –

Bruns et al74 (2016) n/a n/a n/a – Recurrence

Costerus et al26 (2016) n/a n/a þ þ Recurrence

Tyson et al20 (2017) þ n/a þ –

Putnam et al21 (2017) þ n/a n/a Small bowel adhesion – Recurrence

Criss et al14 (2018) þ n/a þ Time to feeding –

Qin et al19 (2019) þ n/a þ –

Randomized studies

Bishay et al12 (2013) n/a n/a n/a Analgesia n/a Hypercapnia
and acidosis

Meta-analyses

Lansdale et al33 (2010) n/a n/a n/a – þ Recurrence

Vijfhuize et al28 (2012) þ n/a þ Mortality þ Recurrence

Chan et al27 (2014) þ n/a þ Mortality þ Recurrence

Terui et al34 (2015) n/a n/a n/a Mortality n/a Recurrence

Zhu et al35 (2016) n/a n/a n/a Mortality, Complications n/a Recurrence

Abbreviations: CTS, conventional thoracic surgery; n/a, not available; VATS, video-assisted thoracoscopic surgery.
Note: Studies published in the last decade are shaded. All nonrandomized studies were retrospective (level of evidence 3b). All meta-analyses were
level of evidence 3a.
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higher recurrence in the VATS group (level of evidence
3a).28,32–35

Intraoperative hypercapnia and acidosis during VATSwas
reported in one pilot RCT including 20 patients (level 2b). No
differences were found regarding hospital stay and operative
time between VATS and CTS.12

Esophageal Atresia Repair
Eight NRSs (n¼ 307 patients), four MAs, and one RCT (n¼ 10
patients) were identified (►Table 2). Except one study with
level of evidence 2b13 all other NRSs were 3b. All MAs had
level of evidence 3a.

Advantages of VATS
Length of hospital stay was reported in five NRSs, comparing
200 patients.13,36–39 In two of these studies (40%) including
100 patients (50%) shorter stay after VATS and faster time to
enteral feeding were found.37,39 The same findings were
confirmed in two MAs (evidence level 3a).40,41

Postoperative ventilation time was found to be shorter in
patients undergoing VATS repair of esophageal atresia in all
studies reporting on this outcome. Four NRSs, including 169
patients, and two MAs (evidence level 3a).13,36,37,39,41

Shorter narcotics use, less anastomotic leakage, and stric-
ture39 and less early complications42 were other reported
advantages after VATS (evidence level 3b).

Disadvantages of VATS
Operative time was described in five NRSs, comparing 247
patients.13,36,37,39,42,43 Longer operative time for VATS was
reported in two studies (40%) including 101 patients.13,43

This finding was confirmed in two MAs (evidence level
3a).41,44

No differences were found on long-term basis between
VATS and CTS repair regarding distal esophagealmotility and
acid exposure in one NRS (evidence level 3b).45 No differ-
ences in term of anastomotic leaks were found in all MAs
(evidence level 3a).40,41,44,46

Table 2 Chronologic summary of studies comparing VATS to CTS for esophageal atresia repair

Esophageal atresia repair

Advantages of VATS Disadvantages of VATS

Length of
hospital
stay

Time to
chest
drain
removal

Ventilation
time

other Operative
time

other

Nonrandomized studies (n¼ 307)

Al Tokhais et al42 (2008) n/a n/a n/a Overall early
complications

–

Lugo et al39 (2008) þ n/a þ Leak, Stricture,
Time to feeding,
Narcotics use

–

Kawahara et al45 (2009) n/a n/a n/a n/a

Szavay et al43 (2011) n/a n/a n/a þ Intraoperative
hypercapnia

Ma et al13 (2012)a – n/a þ Blood loss þ
Yamoto et al36 (2014) – – þ Blood loss –

Koga et al37 (2014) þ – þ Narcotics use,
Blood loss,
Respiratory
complications,
Time to feeding

– Intraoperative hy-
percapnia and
acidosis

Woo et al38 (2015) – n/a – n/a Vocal cord paresis

Randomized studies (n¼ 10)

Bishay et al12 (2013) n/a n/a n/a n/a

Meta-analyses

Borruto et al46 (2012) n/a n/a n/a n/a

Yang et al40 (2016) þ n/a þ Time to feeding n/a

Wu et al41 (2017) þ n/a þ Time to feeding þ
Way et al44 (2019) n/a n/a n/a þ

Abbreviations: CTS, conventional thoracic surgery; n/a, not available; VATS, video-assisted thoracoscopic surgery.
Note: Studies published in the last decade are shaded. All nonrandomized studies except one prospective (level of evidence 2b) were of retrospective
nature (level of evidence 3b). All meta-analyses were level of evidence 3a.
aProspective study.
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The RCT (evidence level 2b), including 10 patients, found
no differences in operative time and intraoperative variation
of pH and pCO2.12

Lung Resection
A total of 20 NRSs (n¼ 3,718 patients), 2 MAs and no RCT
were identified (►Table 3). Apart from one study with level
of evidence 2b,7 all the others NRSs had level 3b. MAs had
level of evidence 3a.

This group included lobectomy, atypical lung resection,
and resection of lung malformations.

Advantages of VATS
Length of hospital stay was described in 17 NRSs, comparing
a total of 3,726 patients.47–63Of these eight (41.2%) including

302 patients (8.1%) showed a shorter stay for thoracoscopic
lung resections.48–53,61 This finding was confirmed in both
MAs (evidence level 3a).64,65

Time to chest drainage removal was described in 17
NRSs.36,37,48–53,56–58,60,61,66–69 In 11 of them (64.7%), report-
ing on 388 patients (39.1%) was described faster removal
after VATS resection.48–53,61,66–69 In one out of twoMAs was
confirmed faster time to chest drainage removal after VATS
compared with CTS (evidence level 3a).65

Shorter postoperative ventilation,54,55 less regional anes-
thesiaandnarcoticsuse, shorter time in intensivecareunit,48,49

less blood loss,53,54 and less overall complications50,54 were
further reported advantages of VATS (evidence level 3b).

Less musculoskeletal sequelae after VATS lung resection
were described in one study (evidence level 2b).7

Table 3 Chronologic summary of studies comparing VATS to CTS for lung resection

Lung resection

Advantages of VATS Disadvantages of VATS

Length of
hospital stay

Time to
chest drain
removal

Ventilation
time

other Operative
time

other

Nonrandomized studies (n¼ 3,718)

Bonnard et al47 (2004) þ n/a n/a Narcotics use –

Tölg et al51 (2005) þ þ n/a –

Bratu et al52 (2005) þ þ n/a Tracheal and
esophageal injury

–

Diamond et al57 (2007) – – – Regional anesthesia –

Vu et al50 (2008) þ þ n/a Complications þ
Lawal et al7 (2009)a n/a n/a n/a Chest asymmetry,

Scoliosis, Cosmesis
n/a

Rahman and Lakhoo59 (2009) – n/a n/a þ
Reismann75 2012 n/a n/a n/a n/a

Fascetti-Leon et al56 (2013) – – – – n/a Time to chest
drain removal

Lau et al48 (2013) þ þ n/a Time in ICU –

Kunisaki et al60 (2014) – – n/a þ
Laje et al58 (2015) – – n/a þ
Kulaylat et al54 (2015) – n/a þ Wound infection,

Blood loss,
Reoperation

–

Wagenaar et al61 (2015) – þ n/a þ
Mattioli et al62 (2016) þ n/a n/a – n/a

Polites et al55 (2016) – n/a þ n/a

Sueyoshi et al53 (2016) þ þ n/a Blood loss –

Wagenaar et al63 (2016) – n/a n/a n/a

Lau and Wong49 2018 þ þ n/a Time in ICU –

Meta-analyses

Nasr and Bass65 (2012) þ þ n/a –

Adams et al64 (2017) þ – n/a Complications þ

Abbreviations: CTS, conventional thoracic surgery; ICU, intensive care unit; n/a, not available; VATS, video-assisted thoracoscopic surgery.
Note: Studies published in the last decade are shaded. All nonrandomized studies except one prospective (level of evidence 2b) were of retrospective
nature (level of evidence 3b). All meta-analyses were level of evidence 3a.
aProspective study.
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Disadvantages of VATS
Operative time was reported in 14 NRSs, reporting on 1,016
patients.47–54,57–62 In five of them (35.7%), including 455
patients (44.8%) was described longer operative time for
thoracoscopic lung resection.50,58–61 This finding could be
confirmed in one MA,64 while in another one no significant
difference was found in operative time between thoraco-
scopic and conventional lung resection.65

Resection of Thoracic Neuroblastoma
Two NRSs (n¼ 54 patients), no MA, and no RCTwere identi-
fied (►Table 4). Both NRSs had level of evidence 3b.

Advantages of VATS
Shorter hospital stay and faster time to chest drainage
removal were the reported advantages after VATS in both
studies.66,67 Both studies analyzed blood loss, but just in one
study, blood loss was found inferior during VATS,66 while in
the other one no statistical differences were found between
VATS and CTS.67

Disadvantages of VATS
No disadvantages were reported.

No differences were found regarding operative time,
intraoperative complications, tumor recurrence, and dis-
ease-free survival rate.66,67

Plication of Diaphragm
One NRS (n¼ 35 patients), noMA and no RCTwere identified
(►Table 4). The level of evidence was 3b. In this NRS, 18
infants undergoing posterolateral thoracotomy were com-
pared with 17 patients undergoing thoracoscopic diaphrag-
matic plication.

Advantages of VATS
Length of hospital stay, operative time, narcotics use, and
length of intensive care unit stay were described as shorter
after VATS compared with CTS diaphragmatic plication.69

Disadvantages of VATS
No disadvantages were reported.

No differences were found in the postoperative
complications.

Treatment of Spontaneous Pneumothorax
One NRS (n¼ 31 patients), noMA and no RCTwere identified
(►Table 4). The level of evidence was 3b.

We considered only studies that compared thoracoscopic
to conventional bullectomy with or without pleurodesis.
Studies comparing VATS with primary chest drainage inser-
tion were excluded.

In this NRS, 13 patients undergoing limited axillary
thoracotomy were compared with 13 patients undergoing
thoracoscopic bullectomy.68 Regardless of the technique
(VATS or CTS) bullectomies were performed with automatic
stapling devices.

Advantages of VATS
Length of hospital stay, time to removal chest drainage and
length of narcotics use were described shorter after VATS
compared with the conventional bullectomy.

Disadvantages of VATS
No disadvantages were reported.

No difference regarding recurrence was found between
the two groups.

Overall Advantages and Disadvantages of VATS
At least one advantage of VATS compared with CTS was
described in 31 out of 49 NRSs (63.3%). The most described
advantages (evidence level 3b) favoring VATS were shorter
hospital stay (51.4% of the studies), earlier removal of chest
drainage (64.7%), shorter postoperative ventilation (70%),
and shorter duration of chest drain (78.6%). Shorter hospital
stay was confirmed in all MAs (evidence level 3a) that
considered this parameter for congenital diaphragmatic
hernia repair, esophageal atresia repair, and lung resection.

Table 4 Chronologic summary of studies comparing VATS to CTS for treatment of spontaneous pneumothorax, resection of
thoracic neuroblastoma and plication of diaphragm

Various nonrandomized studies

Advantages of VATS Disadvantages of
VATS

Length of
hospital stay

Time to chest
drain removal

Ventilation
time

other Operative
time

other

Treatment of spontaneous pneumothorax (n¼ 31)

Butterworth et al68 (2007) þ þ n/a Recurrence – n/a

Resection of thoracic neuroblastoma (n¼ 54)

Petty et al67 (2006) þ þ n/a – n/a

Malek et al66 (2010) þ þ n/a Blood loss – n/a

Plication of diaphragm (n¼ 35)

Kozlov and Novozhilov69 (2015) þ þ n/a Operative time,
Time in ICU

– –

Abbreviations: CTS, conventional thoracic surgery; ICU, intensive care unit; n/a, not available; VATS, video-assisted thoracoscopic surgery.
Note: Studiespublished in the last decadeare shaded.All nonrandomized studieswere retrospective (level of evidence3b). Nometa-analyseswereavailable.
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Except for congenital hernia repair, no differences in term of
mortality or severe complications were found.

At least one disadvantage of VATS comparedwith CTSwas
described in 23 out of 49 studies (46.9%). The most frequent
disadvantage (evidence level 3b) of VATS was longer opera-
tive time (43.2% of the studies). Longer operative time in
patients undergoing VATS procedure was found in all MAs
(evidence level 3a) for congenital diaphragmatic hernia
repair, esophageal atresia repair, and lung resection. The
main advantages and disadvantages are summarized in
►Table 5.

Discussion

Despite the numerous innovations in surgical equipment and
a constant evolution of surgical techniques,4 the use of VATS
in children and infants is still based on anecdotal evidence for
many thoracic surgical indications.10

In a recent review of MAs, the benefits of minimally
invasive surgery have clearly been shown for several types
of laparoscopic procedures in children.70 However, corre-
sponding analyses for thoracoscopic procedures were lack-
ing. The few MAs concerning VATS were based on a limited

Table 5 Main advantages and disadvantages of VATS

Advantages of VATS Disadvantages of VATS

Advantage Number
of studies

Number
of patients

Disadvantage Number
of studies

Number
of patients

Congenital diaphragmatic hernia repair

Postoperative ventilation 7 NRSs (63.6%) 253 (45%) Operative time 9 NRSs (75%) 428 (72.1%)

4 MAs – 3 MAs –

Length of hospital stay 5 NRSs (45.5%) 3,287 (93.9%) Recurrence 5 NRSs (41.6%) 7,611 (95.2%)

2 MAs – 5 MAs –

Mortality 4 MAs – Hypercapnia and aci-
dosis intraoperative

1 RCT (100%) 10 (100%)

Esophageal atresia repair

Postoperative ventilation 4 NRSs (100%) 169 (100%) Operative time 2 NRSs (40%) 66 (26.7%)

2 MAs –

Length of hospital stay 2 NRSs (40%) 98 (49%) 2 MAs –

2 MAs –

Time to feeding 2 MAs –

Lung resection

Chest drainage 7 NRSs (72.7%) 268 (41.8%) Operative time 5 NRSs (35.7%) 455 (44.8%)

1 MA –

Length of hospital stay 8 NRSs (41.2%) 302 (8.1%) 1 MA (50%) –

2 MAs –

Resection of thoracic neuroblastoma

Length of hospital stay 2 NRSs (100%) 54 (100%) –

Chest drainage duration

Blood loss 1 NRS (50%) 37 (68.5%)

Plication of diaphragm

Length of hospital stay 1 NRS (100%) 35 (100%) –

Chest drainage duration

Ventilation postoperative

Operative time

Treatment of spontaneous pneumothorax

Length of hospital stay 1 NRS (100%) 31 (100%) –

Chest drainage duration

Pain

Abbreviations: MA, meta-analysis; NRS, nonrandomized studies; VATS, video-assisted thoracoscopic surgery.
Note: Number of studies and patients and their percentages are referred to studies that analyzed the specific outcome.

European Journal of Pediatric Surgery Vol. 31 No. 1/2021 © 2020. Thieme.

Video-Assisted or Conventional Thoracic Surgery in Pediatric Patients Kiblawi et al. 61

D
ow

nl
oa

de
d 

by
: I

R
C

C
S

 O
sp

ed
al

e 
M

ag
gi

or
e 

P
ol

ic
lin

ic
o.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



number of nonrandomized reports and covered only three
types of thoracic procedures. Nonetheless, since our last
review in 2013,10 numerous studies comparing VATS and
CTS in children and infants have been released, including 31
NRSs, 8 MAs, and 1 pilot RCT. It is promising that after more
than 30 years, an increasing number of studies comparing
VATS versus CTS has been published. In the last decade the
number of studies almost triplicated, and many studies that
had not yet been included in MAs were now released. To
evaluate the development of reporting concerning advan-
tages and disadvantages of VATS in pediatric surgery, in the
present study, we analyzed not only the recent publications
but rather the entire literature comparing pediatric VATS to
CTS.

VATS was associated with more than 15 different advan-
tages and in more than half of the studies no disadvantage
was mentioned. At least one advantage of VATS was de-
scribed in 63.3% of the studies. The most described advan-
tages favoring VATS were shorter hospital stay, earlier
removal of chest drainage, shorter postoperative ventilation,
and shorter duration of chest drain.

At least one disadvantage of VATS comparedwith CTSwas
reported in about half of the studies. The most reported
disadvantage of VATS was longer operative time. Nonethe-
less, mortality and major complications rate did not differ
between VATS and CTS. The exception was thoracoscopic
congenital diaphragmatic hernia repair which was associat-
ed with a lower mortality but higher recurrence rate.

However, the estimation and the interpretation of out-
comes were often subjective and sometimes appeared to be
biased. First of all, the vast majority of studies were of
retrospective nature (level of evidence 3b) or MAs of retro-
spective studies (level 3a), achieving a low/moderate level of
evidence. The only RCT identified was a pilot study and
included a vanishing number of patients, representing ap-
proximately 0.02% of all the studied patients (level of evi-
dence 2b).

Additionally, the lack of randomization intrinsically leads
to an intentional selection of the patients undergoing one
procedure rather than other. For instance, with regard to
congenital diaphragmatic hernia, more stable patients were
more likely to undergo VATS repair. This selection bias in
congenital diaphragmatic hernia becomes particularly evi-
dent when considering that the significantly lower mortality
rates described after VATS repair were not stratified accord-
ing to the severity of the defect or the hemodynamic status of
the patients.

Moreover, the lack of standardized perioperative proto-
cols could have influenced the outcomes. For example, some
protocols advocate chest drain removal the day after elective
thoracoscopic but not after conventional surgery. Early re-
moval of chest drain not only may appear as a direct advan-
tage of VATS but also influences the length of hospital stay.71

A similar effect can be observed for enteral feeding after
thoracoscopic esophageal atresia repair.

Finally, an “underreporting” bias has to be considered.
Some centers, with unfavorable outcomesmay not have been
motivated to publish their comparative series, leading to an

underrepresentation of disadvantages of VATS and to a
misinterpretation of the VATS reality in pediatric surgery.

Despite the lack of high level of evidence and potential
bias, the consistently described advantages of thoracoscopic
approach in pediatric surgery and the huge number of
patients demonstrate the potential benefit of this minimal
invasive approach. Nonetheless our study also identified
some frequently reported disadvantages. VATS was often
associated with longer operative time regardless of the
type of surgery.

While the disadvantages might be diminished with in-
creased experience,72 the higher recurrence rate in congeni-
tal diaphragmatic hernia, given the assumption that the
majority of infants chosen for thoracoscopic repair were at
low risk andmay be considered unacceptable. Nonetheless, a
study from the Congenital Diaphragmatic Hernia Study
Group has shown that early recurrence rates for the VATS
approach over the last years of the study period (2010–2014)
have been similar to the conventional approach, while the
initial (2007–2010) VATS recurrence rates were approxi-
mately three times higher.73

This suggests that with a high level of expertise the
disadvantages of VATS could be minimized. However, nu-
merous centers struggle with insufficient case volumes to
adequately train their staff. Therefore, steps to improve
training, such as centralization, may be encouraged to opti-
mize the quality of care.

Conclusion

Several advantages of VATSwere reported in 60 comparative
studies analyzing data from 12,709 pediatric patients. How-
ever, the level of evidence was low and the selection bias
possibly high. Therefore, RCTs are mandatory to achieve
higher level of evidence and elucidate some critical points
of video-assisted thoracoscopy in pediatric surgery.
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