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ABSTRACT

Objectives: Tracheoesophageal fistula (TEF) is a congenital disorder that presents
as a surgical emergency in neonates. In regions where neonatal intensive care unit
facilities and resources are inadequate and skilled personnel are scarce, not extubating
neonates on table, contributes to mortality. Our aim was to assess and compare the
on-table extubation rate, extubation time, and postoperative pain scores between
opioid and opioid-free anesthesia techniques in neonates undergoing surgical repair
of TEE. Methods: We conducted a prospective, single-blind, randomized trial over 18
months between January 2021 and June 2022 in Safdarjung Hospital, New Delhi on
60 full-term neonates scheduled for TEF surgeries randomly allocated to two groups
according to the mode of analgesia administered. Group O were given fentanyl injection
1 ug/kg intravenous (IV) loading dose with IV injection. acetaminophen at 7.5 mg/
kg and top-up of 0.25 pg/kg fentanyl IV si opus sit. Group NO were given pre-surgical
local infiltration and intercostal block with 0.25% and 0.5% bupivacaine, respectively,
with IV acetaminophen at 7.5 mg/kg. Results: Mean age in days, gender distribution,
and weight in both groups were statistically comparable. The difference in the number
of neonates extubated on table was statistically significant (p = 0.002) in group NO
compared to group O. Lower mean extubation time was seen in group NO (9.0 min
40.0 secs+3.0 min 3.0 secs) compared to group O (16.0 min 45.0 secs+8.0 min 5.0 secs)
(p < 0.001). There was a statistically significant (p = 0.010) lower Neonatal Infant Pain
Scale score in group NO with mean and SD as 1.8+0.8 compared with group O, 2.5+1.1
at 90 min. Conclusions: In neonates undergoing TEF repair, opioid-free anesthesia is a
safe and effective method, providing a better extubation rate, faster time to extubation,
and better postoperative pain control.

rachecoesophageal fistula (TEF) is

a surgically correctable congenital

anomaly that manifests within the first

few days or hours of life. TEF results
from defects in the mesenchyme separating trachea
and esophagus. Clinical presentation in neonates
include respiratory distress, difficulty feeding,
and excessive salivation, and the child may have
coexisting anomalies like cardiovascular defects,
renal agenesis, microcephaly, and duodenal atresia,
etc.' Itsincidence isaround 1 in every 3000 to 4500
births.*¢ TEF is classically repaired with surgical
ligation and primary end-to-end anastomosis via
right-sided thoracotomy” under general anesthesia
(GA) with or without regional anesthesia (RA).
Preoperative anesthetic considerations in the

management of TEF include anatomical variations
in the airway, difficulty in endotracheal tube
placement, dehydration, prematurity, neonatal
respiratory distress syndrome, and ventilation of
the lung in the presence of a fistula. Risk factors
like prematurity, low birth weight, difficult airway,
respiratory distress due to repeated aspiration,
congenital heart diseases, and large defects
contribute to the mortality.®

Analgesia in TEF repair surgery is usually
achieved with pharmacological agents (opioids and
NSAIDs) and RA techniques.” Intravenous (IV)
opioids have been used to maintain analgesia during
both the intra-operative and postoperative period
with fentanyl being one of the most commonly used
opioid analgesic in neonates.' It helps to maintain

*Corresponding author: BRdrkrishnabhavya@gmail.com

Copyright © 2023, Oman Medical Journal



MARIA PAUL, ET AL.

stable hemodynamics while avoiding stress responses.
The increase in plasma fentanyl levels has been
associated with significantly prolonged ventilatory
support,' and delayed extubation as neonates have
ahigh volume of distribution, lower plasma clearance,
decreased renal clearance of opioids, and decreased
protein binding.

IV paracetamol can be used for treating moderate
pain and when integrated in multimodal analgesia,
had shown a clinically relevant reduction in opioid
consumption.'? Intercostal nerve block (ICNB) can
be used to provide analgesia in thoracotomy.'>'* It
provides analgesia similar to epidural and systemic
drugs while avoiding complications associated with
epidural technique. ICNB is easy to perform, does
not require much expertise, preserves somatic and
diaphragmatic function, and provides localized
analgesia. Enhanced recovery after surgery
(ERAS) protocols advocate avoiding opioids in
the perioperative period and providing multimodal
analgesia including RA."'¢ This prompted us to
explore methods to minimize the intraoperative
anesthetic exposure and opioids to aid early
extubation which accelerates recovery, shorten the
length of hospital stay, and decrease the medical
expense. Hence, we decided to compare extubation
time and postoperative analgesia in neonates with
TEF undergoing surgery using fentanyl compared to
opioid-free anesthesia (OFA) technique using ICNB

and acetaminophen.

METHODS
We conducted a prospective, single-blind,
randomized comparative study over 18 months
between January 2021 and June 2022 in Safdarjung
Hospital, New Delhi after institutional ethical
clearance. The study sample size was calculated by
referring to a study by Kundal et al."” The effect
size was calculated as Cohen’s d. Alpha level was
taken as 0.05 and the power of the study was taken
as 0.9. Sample attrition was assumed to be 30%
for each arm. The sample size was estimated using
these parameters for an independent, two-tailed,
t-test using the ‘pwr’ package in R Programming
Language. The calculation returned a sample size of
nine participants per arm with a total sample size of
18 participants. We included 60 participants in our
study. We included full-term neonates with type C
TEF'®" undergoing surgical repair for fistula who

were hemodynamically stable and not on ventilatory
support. Preterm babies and neonates with other
known congenital anomalies (including VACTERL
vertebral defects, anal malformations, cardiac
anomalies, TEF, radial/renal anomalies, and limb
anomalies associations, etc.) or intubated neonates
on ventilatory support and those whose parents/
guardian refused to participate were excluded from
the study.

The primary objective was to assess the extubation
time and the rate of on-table extubation in neonates
undergoing TEF repair. The secondary objective was
to assess and compare the post-operative pain scores
between opioid and OFA techniques.

All neonates underwent detailed preanesthetic
evaluation. The nature of the study was explained
to the parents and informed consent was obtained
from them. A total of 60 neonates undergoing
TEF repair were randomly allocated to two
groups of 30 each using a computer-generated
random number function. The child was taken
to a prewarmed operation theatre and routine
monitoring including heart rate, respiratory
rate, five-lead electrocardiogram, blood pressure,
temperature, and oxygen saturation were initiated.
Neonates in group O were given fentanyl injection
at 1 pug/kg IV loading dose with acetaminophen
injection IV at 7.5 mg/kg. A bolus of fentanyl
injection 0.25 pg/kg was given if necessary. In
group NO, neonates were given pre-surgical local
infiltration with 0.25% bupivacaine followed by
ICNB with 0.5% bupivacaine administered by
the surgeon in 2-3 intercostal spaces along with
acetaminophen injection IV at 7.5 mg/kg. The
airway was secured with an endotracheal tube of
appropriate size. Location of fistula was assessed
by fiberoptic bronchoscopy. End tidal CO, and
age-adjusted minimum alveolar concentration was
monitored. GA was maintained with sevoflurane
and atracurium injection I'V. At the end of surgery,
reversal agents were administered as appropriate.
The extubation time was measured as the time
taken from end of the skin suture to the tracheal
tube removal. Vital parameters were monitored
during the procedure. The operating surgical team
was the same in both groups.

In the postoperative period, the patient’s pain
score was checked and noted as per Neonatal Infant
Pain Scale (NIPS)* at every 15 minutes for the first
hour, every 30 mins for the next two hours, and then
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After detailed pre-anesthetic checkup, patient shifted to warm
operation theatre

Non-invasive monitoring established and intravenous (IV) access
secured patient preoxygenated

/\

Group 0
Fentany! injection T mcg/kg was given IV
Acetaminophen injection 7.5 mg/kg given [V

Induction with thiopentone and sevoflurane injections
Intubated under direct laryngoscopy

IV fentanyl 0.25 mcg/kg si opus sit

Maintenance 0, + sevoflurane + atracurium injection

= 0

Group NO
Acetaminophen injection 7.5 mg/kg
given |V

Induction with thiopentone and sevoflurane injections
Intubated under direct laryngoscopy

Presurgical local infiltration with 0.25% bupivacaine
Intercostal nerve block at two levels administered by
the surgeon with Bupivacaine injection 0.5%
Maintenance 0, + sevoflurane + atracurium injection

= N

1. Reversal agents given at the end of surgery
Extubation time measured

3. Pain scores noted at predeterminded intervals with Neonatal
Infant Pain Scale

Figure 1: Flow chart describing the study method.

Figure 2: Surgeon administering intercostal nerve
block with bupivacaine.

hourly for a total of six hours after extubation or until
the NIPS score was four [Figure 1]. The surgeon
administering the ICNB is shown in Figure 2.

The collected data was transformed into
variables, coded, and then entered into Microsoft
Excel sheet. The data was analyzed and statistically
evaluated using SPSS (IBM Corp. Released 2015.
IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp.) The data normality was

checked by using Shapiro-Wilk test. Quantitative
data was expressed in mean and SD while qualitative
data was expressed in percentage. The cases in which
the data was not normal, we used nonparametric
tests. The differences between the proportions
were tested using the chi-square test and Fisher’s
exact test. A p-value < 0.05 was considered
statistically significant.

RESULTS
Among the 60 neonates enrolled in the study, in
both groups’ the majority were females (58.3%, n
= 35). The mean age of the neonates was 2.2+1.6
days. The mean age in groups O and NO were
2.9+1.9 and 2.0+ 1.1 day, respectively. There was no
statistically significant difference between the two
groups in terms of gender distribution (p = 1.000)
and mean age group (p = 0.088). The mean weight
of the neonates group was 2.4+0.4 kg. The mean
weight in group O was 2.4+0.4 kg and 2.4+0.4 kg
in group NO. The mean weight of the two groups
were statistically comparable but not significant
(p = 0.460). Demographic variables of both groups
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Table 1: Demographic variables of the study groups.

Parameters Group O Group NO p-value
Gender, n (%)
Male 13 (433) 12 (40.0) 1.000
Female 17 (56.7) 18 (60.0)
Age, days 25+19 20+1.1 0.088
Weight, kg 24+04 24+04 0.460

The results are dfpicle(l as mean + SD or number (%) unless otherwise stated.

Table 2: On-table extubation rate and extubation
time in group O versus group NO.

Parameters Group O Group NO p-value
On table
extubation

Extubated 18 (60.0) 28 (93.3) 0.002

Not 12 (40.0) 2(6.7)

extubated
Extubation 16.0 mins 45.0 9.0 mins 40.0 <0.001
time secs + 8.0 mins secs + 3.0 mins

5.0 secs 3.0 secs

The results are dfpm‘fd as mean + SD or number (%) unless otherwise stated.

are compared in Table 1. The mean operative time
was 152.8440.5 mins and was comparable in
both groups.

Among the 60 nconates, 76.7% (n = 46)
got extubated on table while 23.3% (n = 14)
did not. In group O, 60.0% (n = 18) were
extubated, while in group NO, 93.3% (n = 28) were
extubated on table. On-table extubation between
group O and group NO was statistically significant
(» = 0.002) [ Table 2].

In our study, amongst the neonates who were
extubated on table, the mean extubation time in
group O was 16.0 mins 45.0 secs£8.0 mins 5.0 secs
and in group NO was 9.0 mins 40.0 secs+3.0 mins
3.0 secs. The difference in on-table extubation time
between group O and group NO was statistically
significant (p < 0.001). Extubation time among
the two groups compared for every five-minute
interval is shown in Figure 3. NIPS was 1.8+0.8
among group NO and 2.5+1.1 among group O at
90 minutes which was statistically significant (p =
0.010). NIPS comparison between the two groups
is shown in Table 3 and Figure 4.

DISCUSSION
Multiple modes of analgesia are available for TEF
repair surgeries, including systemic analgesics

20

. Group 0
. Group NO

Number of neonates
=

A H

X
e I (S, SRS

Time, mins

Figure 3: Comparing extubation time in group O

versus group NO.

Table 3: Neonatal Infant Pain Scale in group O
versus group NO.

Time, mins Group O Group NO p-value

15 0.9+09 1.0+13 0.440
30 0.8£0.9 0.6+0.9 0.310
45 1.1+1.1 09+0.8 0.270
60 1.7+0.9 15+1.0 0.300
90 25+1.1 1.8+£0.8 0.010
120 27+1.0 25+09 0.270
150 35+0.7 33+0.6 0.200
180 40+0.0 40+£0.0 0.500

The results are depicted as mean + SD or number (%) unless otherwise stated.
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Figure 4: Neonatal Infant Pain Scale (NIPS) in
group O versus group NO.

like opioids and acetaminophen, opioid-free RA
techniques, or a combination of these. This study
was done to assess if OFA techniques can reduce the
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extubation time in neonates undergoing TEF repair
while providing adequate analgesia.

In our study, the mean age of the neonates was
2.2+1.6 days. In a similar study, 30 neonates who
underwent TEF were two days old at the time of
surgery.” In our study, delay in diagnosis postnatally
and absence of antenatal diagnosis were some of the
reasons the surgery was not done within 24 hours.
The mean weight of the neonates was 2.4+0.4
kg. Thus, most babies enrolled for this study were
> 2000 g excluding very low birth weight, a factor
that delays extubation.

We found that 93.3% of neonates in group NO
got extubated on table compared to only 60.0% in
group O. This finding is of great clinical significance
as, in resource-limited setups with a limited number
of ventilators and trained personnel, the need
for postoperative mechanical ventilation and the
associated care can be reduced. In the single-blinded
randomized control study by Nagappa et al,*!
comparingopioids to OFA in 30 neonates undergoing
TEF repair, 60% of the OFA group, compared to
20% of the opioid group were extubated on table.
A retrospective study of 48 cases of gastroschisis
undergoing repair, there was a significant difference
in the need for postoperative ventilation in the OFA
group (23%) compared to opioid-based analgesia
(88%).* In another retrospective study of 82 cases
undergoing gastroschisis repair, only 14.3% needed
postoperative mechanical ventilation compared to
40% of neonates requiring postoperative mechanical
ventilation in the opioid group.'” This corroborates
our finding that OFA is superior to opioid-based
modes of analgesia for early extubation and reduced
need for postoperative ventilation.

Amongst the neonates who got extubated on
table, the mean extubation time in group O was
16.0 mins 45.0 secs£8.0 mins 5.0 secs and in group
NO was 9.0 mins 40.0 secs+3.0 mins 3.0 secs. There
was a statistically significant difference in the on-
table extubation time between group O and group
NO. Nagappa et al,*! found that the opioid group
had significantly longer intubation periods than the
non-opioid group.

Postoperative pain was assessed in both groups
at predetermined times using NIPS. We found no
statistically significant difference between the pain
scores in the opioid and non-opioid groups except
at 90 mins where the non-opioid group had a
significantly lower pain score (1.840.8) compared

to opioid group (2.5+1.1). This was of no clinical
significance as the analgesic bolus was to be repeated
once the pain score is four. Nagappa et al,” found
statistically significant differences in the mean NIPS
at 30,60, 90, 120 150, and 240 min intervals between
group fentanyl and group epidural block, with RA
technique providing better analgesia. This difference
in postoperative analgesia could be because ICNB
is only given at the beginning of the surgery in our
study. We used ICNB, which is a simple technique
not requiring any specific equipment, as it is easy
to administer and has less complications. With
pain assessment at frequent intervals and top-up
given based on pain score, postoperative pain was
managed with judicious use of analgesics. Despite
extensive literature search, there are not many studies
comparing postoperative analgesia between opioid
and non-opioid techniques in TEF surgeries.

Our study has some limitations. Preterm
neonates or neonates with other associated
congenital anomalies were not included and factors
other than opioid use could contribute to delayed
extubation like preoperative chest condition.
We did not assess the duration of surgery and
hemodynamic parameters in the study. NIPS, while
easy to assess, is subjective and there could be inter-
observer variability.

CONCLUSION

Neonates undergoing major surgery can receive
regional anesthesia with faster extubation and
minimal complications. There are also benefits
related to the decreased need for muscle relaxants,
opioid analgesics, and postoperative ventilator
support. This study takes one more step towards
bridging the gap in data on OFA in neonates.

Disclosure
The authors declared no conflicts of interest. No funding was
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