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Abstract Introduction: The major obstacles for routine application of thoracoscopic
repair for congenital diaphragmatic hernia (CHH) in neonates include
intraoperative hypercarbia, acidosis and conversion to open surgery.
Therefore, strict preoperative selection criteria should be followed for
successful primary thoracoscopic repair of the diaphragm and achievement
of minimal conversion rate.

Materials and Methods: A prospective study was conducted from April
2016 to March 2018, where all neonates confirmed to have CDH were
assessed by a specialized anaesthesia team for the possibility of undergoing
thoracoscopic repair. In order to assess the severity of persistent pulmonary
hypertension (PPH), oxygenation index (Ol) was used and babies who had Ol
<5 were considered to have mild pulmonary hypertension; and consequently
underwent thoracoscopic repair.

Results: Twenty nine CDH cases met the selection criteria; hence, they
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Introduction

Nowadays, minimal invasive surgery (MIS) has
become the gold standard in many centers for
repair of CDH.! This is also true for late-presenting
CDH cases; however, intraoperative hypercarbia,
acidosis (which are due to pulmonary hypertension
and other congenital anomalies associated with
CDH) and conversion to open surgery are among
the factors that prevent routine application of this
procedure in neonates.” Though many reports
discussed the selection criteria for successful
neonatal minimally invasive CDH repair, yet
they are still debatable’* In this study, we
present a clinical criteria by which neonates can
be safely chosen for successful minimal invasive
thoracoscopic repair with a low rate of conversion

to open surgery.
Materials and Methods

This prospective study was conducted from April
2016 to March 2018. All neonates with clinically
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and radiologically confirmed posterolateral CDH
were evaluated by a specialized anaesthesia
team for the possibility of thoracoscopic repair.
Oxygenation index (OI) was used to evaluate the
severity of persistent pulmonary hypertension
(PPH) in those neonates. OI is calculated as
follows: mean airway pressure MAP (in cmH,0) x
FiO, x 100 + PaO, (MAP=Mean Airway Pressure,
PaO,= arterial oxygen tension in mmHg and FiO =
fraction of inspired oxygen). Babies having an OI
<5 were interpreted as having a mild degree of
pulmonary hypertension reflecting a mild form of
lung hypoplasia; thus, thoracoscopic repair was
offered for these babies.

After adequate resuscitation of the neonates,
thoracoscopy was performed via three ports: one
for the thoracoscope was positioned just below the
edge of the scapula, another in the fourth posterior
intercostal space and the last one in the fifth

intercostal space anteriorly Figure 1.

Figure 1: Ports used in the thoracoscopic repair of CDH
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Carbon dioxide insufflation was kept within a low
pressure (4 mm Hg) and low flow (1.5 L/min) to
reduce the hernia contents back to the peritoneal

cavity followed by repairing the defect using
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non-absorbable interrupted sutures Figure 2. All
cases were followed in the outpatient clinic for a

minimum of 6 months postoperatively.

Figure 2: Repairing the defect using non-absorbable interrupted sutures

Results

Twenty nine cases out of a total of 84 cases (34.5%)
of congenital diaphragmatic hernia matched the
selection criteria and underwent thoracoscopic
repair. Out of these cases, 24 cases were left sided
(82.8%) and 6 cases were right (17.2%). Regarding
gender: 19 were male (65.5%) and 10 were female
(34.5%).
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All of these babies were full-term with ages
ranging from 1-26 days (mean 11.4 days) and their
weight at operation was between 2.8-3.6 kg (mean
3.2 kg). The contents of neonatal Bochdalek hernia
were reduced easily in 25 cases (86.2%), but were
difficult in only 4 cases (13.8%) due to difficulty
in manipulating the herniated spleen through
a relatively small defect. The time needed for

reduction of the hernia contents ranged from 1-36
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minutes (mean 20.5 minutes), while the operative
time needed for performing the thoracoscopic
repair varied from 45-150 minutes (mean 81.25

minutes).

The conversion from a thoracoscopic to open repair
occurred in 3 cases (10.3%). In 2 cases bleeding
from a splenic capsular injury during reduction
of contents along with injury of the mesentry of
small intestine occurred. Whilst a large defect
transmitting almost all abdominal contents into the
chest with consequent difficulty in reduction; was
the reason in the third case. The time needed to reach
full enteral feeding ranged from 6-30 hours (mean
14 hours) while the length of hospital stay ranged
from 1-4 days (mean 2.4 days). Complications
occurred in 2 cases out of the 34 cases (6.9%).
Splenic capsular injury while attempting to reduce
the contents occurred twice. Recurrence occurred
in 1 case out of 26 cases which was completed
thoracoscopically (3.8%). The recurrence occurred
after 6 months and was subsequently repaired by
open approach through a left subcostal incision.
The follow up period ranged from 6-34 months

(mean 19 months).
Discussion

From the first reports of thoracoscopic repair in
delayed cases of CDH,’ this procedure became
the gold standard for this age group in most
centers since it was proved to be associated with
faster recovery, earlier extubation, and decreased
morbidity.® Nevertheless, two main drawbacks
have limited its widespread use in neonates. First
of all, high recurrence rate in comparison to open

approach and secondly, intraoperative physiologic
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derangements resulting from CO, insufflations with
increased brain CO, levels.” Therefore, in order to
a achieve successful MIS repair, a strict patient
selection criteria is necessary in the neonatal age

group.®

Many studies reported a higher incidence of
recurrence after thoracoscopic repair (5-25%
compared to 0-11% with open surgery),” and this
was attributed to the learning curve in addition to
some technical factors.'” Risk factors of recurrence
are mainly defect size/prosthetic patch use and
ECMO." In our study, recurrence occurred in only
1 case out of 26 (3.8%). This is probably due to
excluding neonates who were suspected to have a
large defect preoperatively and, subsequently, will
require mesh repair and those who were candidates
for ECMO.

Intraoperative hypercapnia and acidosis appears to
be more severe during thoracoscopy because of the
lung collapse induced to prepare adequate space in
the thoracic cavity in addition to CO, absorption
from the induced pneumothorax.'? Therefore, strict
criteria should be applied to select more healthy
patients, who would have adequate pulmonary
reserve, so that they can tolerate the stress of the
operation as well as expected compromise of
pulmonary function postoperatively.”* Yang et
al '* used a peak inspiratory pressure (PIP) of 24
mmHg as the maximum preoperative ventilatory
support that a baby would need to be a candidate
of thoracoscopic repair. Other proposed criteria in
his study included intra-abdominal stomach and
no pulmonary hypertension (PH) at the time of the
operation. The criteria Yang selected seems to be

appropriate since no cases required conversion,
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yet in our experience, as long as the blood PH is
adequately controlled, stomach herniation is not
necessarily a contraindication to thoracoscopic

repair.

In our study, to assess the severity of pulmonary
hypertension, we used OI (Oxygenation index) as
initially proposed by Gourlayet al.”® In his study,
he found that those who underwent thoracoscopic
repair successfully had an average OI of 2.8;
however, he intentionally chose to increase this
value to 5 to use it as a selection criterion for
selecting neonates for thoracoscopic repair. '
Some authors choose OI threshold of less than 3 as
a sharp cut point; thus, preferring the safe side.'® In
our study, we found a threshold value of 5, where
thoracoscopy can be performed safely if the Ol is
<5. Hence this value is compatible with the one

proposed by Gourlay ef al.

When comparing this index to other indicators, eg.
PaO,/Fi0, ratio, it is obvious that Ol is considered
a better indicator of PPHN (which is the main
factor limiting primary repair by thoracoscopy),
as it includes mean airway pressure (MAP), an
important determinant of oxygenation. Regrettably,
there are several drawbacks for the use of OI in
the NICU. Firstly, it is invasive as it requires either
an indwelling arterial line or arterial puncture to
obtain a blood gas sample.!” Furthermore, if blood
gases are obtained, its reading is intermittent.
Lastly, the site of the arterial line is the one which
decides the site of sampling (e.g., only postductal
gases (which may be lower than the preductal PaO,
that perfuse the brain and heart) can be obtained if

an umbilical arterial line is present. !’
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It should be noticed that the conversion to open
surgery occurs in about 3.4 to 75% of the cases as
a result of large diaphragmatic defects, difficulties
in reducing the spleen and derangement of clinical
status, such as prolonged respiratory acidosis
or hemodynamic instability."® But in our study,
since we are applying strict selection criteria,
only 3 cases (10.3%) underwent conversion to
open surgery. These were due to bleeding from
a splenic capsular injury during reduction of
contents with concomitant injury of the mesentry
of small intestine in 2 cases, whilst a large defect
transmitting almost all abdominal contents in the
chest with consequent difficulty in reduction was
noted in another case. It can be seen that all of
these causes were related to surgical factors, and
none of them was due to pure anaesthetic problem
or general deterioration while performing the

thoracoscopic repair.
Conclusion

Ol is a reliable indicator in selecting neonates for
primary thoracoscopic CDH repair as it indicates
neonates who have good preoperative pulmonary

function.
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