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Atrial septal defect closure via mini-thoracotomy in pediatric patients:
Postoperative analgesic effect of intercostal nerve block

Pediatrik hastalarda mini-torakotomi ile atriyal septal defekt kapatimasi:
Interkostal sinir blokunun ameliyat sonrasi analjezik etkisi
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ABSTRACT

Background: In this study, we evaluated the efficacy of intercostal nerve
block for postoperative pain management in pediatric patients undergoing
atrial septal defect closure through a right lateral mini-thoracotomy.
Methods: Between January 2016 and January 2019, a total of 63 pediatric patients
(37 males, 26 females; mean age 34.8+26.8 months; range, 2 to 96 months) who
underwent corrective congenital heart surgery for atrial septal defect closure
through a right lateral mini-thoracotomy were retrospectively reviewed. The
patients were divided into two groups as those (Group 1, n=33) receiving
intercostal nerve block and general anesthesia and those (Group 2, n=30)
receiving general anesthesia alone. Intravenous morphine at a dose of 0.03 mg/kg
was applied as rescue analgesia to the patients with a Ramsay Sedation Scale
score of >4 and Children’s Hospital of Eastern Ontario Pain Scale score of
>7. The total analgesic requirement, adverse effects, duration of mechanical
ventilation and length of stay in the intensive care unit were recorded.

Results: The mean duration of mechanical ventilation and intensive care
unit stay was shorter in Group 1 compared to Group 2 (3.6+1.3 vs. 9.4+2.1 h;
23+2.6 vs. 30+7.2 h, respectively) (p<0.0001). The need for postoperative
rescue analgesia was statistically significantly lower in Group 1 compared
to Group 2 (0.3+0.5 mg vs. 1.1+0.9 mg, respectively) (p=0.003). The mean
total morphine consumption was also lower in Group 1 compared to Group 2
(4.0£2.2 mg vs. 9.0+£3.4 mg, respectively) (p<0.0001).

Conclusion: Intercostal nerve block before thoracotomy closure in pediatric
patients undergoing atrial septal defect repair under mini-thoracotomy
provides early extubation, shorter mechanical ventilation duration and
intensive care unit stay, and reduced analgesic requirements.

Keywords: Atrial septal defect, intercostal nerve block, mini-thoracotomy, pediatric
cardiac surgery, postoperative analgesia.
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Amag: Bu caligmada, sag lateral mini-torakotomi ile atriyal septal defekt
kapatilmas1 yapilan pediatrik hastalarda interkostal sinir blokunun ameliyat
sonrasi agr1 yonetimindeki etkinligi degerlendirildi.

Calisma plani: Ocak 2016 - Ocak 2019 tarihleri arasinda sag lateral mini-
torakotomi ile atriyal septal defekt kapatilmasi i¢in diizeltici dogustan
kalp cerrahisi yapilan toplam 63 pediatrik hasta (37 erkek, 26 kiz; ort. yas
34.8+26.8 ay; dagilim, 2-96 ay) retrospektif olarak incelendi. Hastalar
interkostal sinir bloku ve genel anestezi verilenler (Grup 1, n=33) ve
yalnizca genel anestezi verilenler (Grup 2, n=30) olmak iizere iki gruba
ayrildi. Ramsay Sedasyon Olgegi skoru >4 ve Dogu Ontario Cocuk
Hastanesi Agri Olcegi skoru >7 olan hastalara kurtarma analjezisi olarak
0.03 mg/kg dozunda intravendz morfin uygulandi. Toplam analjezik
gereksinimi, yan etkiler, mekanik ventilasyon siiresi ve yogun bakim
tinitesinde kalis siiresi kaydedildi.

Bulgular: Ortalama mekanik ventilasyon ve yogun bakim iinitesinde kalig
siiresi Grup 1’de Grup 2’ye kiyasla daha kisa idi (sirasiyla, 3.6+1.3%¢ kiyasla
9.4+2.1 saat; 23+2.6’ya kiyasla 30+7.2 saat) (p<0.0001). Ameliyat sonrasi
kurtarma analjezi ihtiyaci Grup 1’de Grup 2’ye kiyasla istatistiksel olarak
anlaml diizeyde daha diisiiktii (sirastyla, 0.3+0.5 mg’ye kiyasla 1.1+0.9 mg)
(p=0.003). Ortalama toplam morfin tiiketimi de Grup 1’de Grup 2’ye kiyasla
daha diisiiktii (sirastyla, 4.0+2.2 mg’ye kiyasla 9.0+3.4 mg) (p<0.0001).

Sonug¢: Mini-torakotomi ile atriyal septal defekt onarimi yapilan pediatrik
hastalarda torakotomi kapatilmadan oOnce interkostal sinir bloku, erken
ekstiibasyon, daha kisa mekanik ventilasyon ve yogun bakim iinitesinde kalig
siiresi ve daha az analjezik gereksinimi saglar.

Anahtar sézciikler: Atriyal septal defekt, interkostal sinir bloku, mini-torakotomi,
pediatrik kalp cerrahisi, ameliyat sonrasi analjezi.
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Pain management after congenital cardiac surgery
is challenging. In particular, after the operations
performed under thoracotomy, the degree of pain can
be greater than the operations performed under median
sternotomy. Thoracotomy is one of the most painful
techniques.!'¥

Postoperative pain management is important
for these patients in terms of effective pulmonary
functions and improved compliance with coughing
and deep breathing, thereby decreasing the risk
of pulmonary atelectasis and ventilation-perfusion
abnormalities.!"?!

Although opioids are still the most common
analgesic agents used after congenital heart surgery
due to their excellent pharmacological properties
for sedation and analgesia, their prolonged use
is associated with several side effects, including
respiratory depression and prolonged mechanical
ventilation (MV). Furthermore, nausea and vomiting
are the frequent adverse effects related to opioids.-!

Regional anesthesia including intercostal nerve
block (ICNB) has major advantages of providing
effective analgesia without the central respiratory
depression and gastrointestinal side effects related to
the high dose of opioids."¥ The ICNB is a simple
technique which can be performed easily by clinicians
and provides effective analgesia with improved
pulmonary mechanics, reduced central nervous system
(CNS) depression.?# In the present study, we aimed
to evaluate the effects of ICNB with a long-acting
local anesthetic combined with general anesthesia on
postoperative pain, extubation time, and length of stay
in the cardiovascular intensive care unit (CICU) in
patients undergoing atrial septal defect (ASD) closure
with right thoracotomy.

PATIENTS AND METHODS

This retrospective study was conducted at Bakirkoy
Private Acibadem Hospital between January 2016 and
January 2019. A list of all pediatric patients admitted

to the pediatric cardiac intensive care unit was
searched. A total of 63 patients (37 males, 26 females;
mean age 34.8+26.8 months; range, 2 to 96 months)
who underwent corrective congenital heart surgery for
ASD closure through a right lateral mini-thoracotomy
were included. The patients were divided into two
groups. Group 1 (n=33) included the patients with
ICNB and general anesthesia, while Group 2 (n=30)
included the patients with general anesthesia alone.
A written informed consent was obtained from
each parent. The study protocol was approved by
Acibadem University, School of Medicine, Ethics
Committee Ethics Committee (2019-14/44). The study
was conducted in accordance with the principles of
the Declaration of Helsinki.

We reviewed the medical charts and nursing
documentation of all patients. Clinical data including
hemodynamic parameters heart rate (HR), systolic
arterial pressure (SAP), diastolic arterial pressure
(DAP), mean arterial pressure (MAP), oxygen
saturation measured via pulse oximetry, duration
of MV and length of stay in CICU, requirements
for additional sedative/analgesic drugs, and adverse
effects (arrhythmia, hypotension, bradycardia
episodes, hypertension, pruritus, vomiting, atelectasis,
constipation, bowel immobility) were recorded.

The Ramsay Sedation Scale (RSS) was recorded for
24 h following surgery for the assessment of sedation
and the criteria were as follows: (i) agitated and
uncomfortable; (ii) cooperative and oriented; (iii) obeys
simple directions; (iv) sleepy with strong reply to
stimulation; (v) sleepy with slow reply to stimulation;
and (vi) asleep and does not reply to stimulation.'®
The Children’s Hospital of Eastern Ontario Pain Scale
(CHEOPS) was used for the assessment of pain
management (Table 1)1 If sedation/analgesia was
considered inadequate by the bedside nurse and by
the physician on duty, rescue analgesia of morphine of
0.03 mg/kg was given in all patients with a RSS score
of >4 and CHEOPS score of >7 patients which are the
inadequate sedation levels.

Table 1. The Children’s Hospital Eastern Ontario Pain Scale (CHEOPS)

Score 0 2
Cry No cry Crying/morning Scream
Facial expression Smiling/positive Neutral Grimace

Verbal expression Positive statement

Torso Neutral

Legs Neutral

Negative statement
Variable, taut, upright
Kicking

Suffering from pain, another complaint
Stretched

Stretched, continuous move

258



Altun et al.
Atrial septal defect closure via mini-thoracotomy in pediatric patients

Operative technique

All operations were conducted by a single surgeon
team using the same technique with aright lateral mini-
thoracotomy through the fourth or fifth intercostal
space. Anesthesia was induced in all patients with
thiopental (4-6 mg/kg), fentanyl (8-10 pg/kg), and
vecuronium (0.08 mg/kg) and maintained with
fentanyl infusion (8 ug/kg/h), 0.5 to 0.7% isoflurane
in oxygen-air mixture, and intravenous injections of
vecuronium (0.02 mg/kg every 30 min). Intercostal
nerve block was applied to the intercostal space of the
performed thoracotomy with one upper and one lower
intercostal space with a single dose of 0.5 mg/kg 0.5%
bupivacaine (AstraZeneca AB, Sodertalje, Sweden)
with 0.9% saline on each intercostal space (T3-T7)
under the parietal pleura, 2-cm lateral to the
sympathetic chain with 25-G needle under direct
vision after bleeding control and before thoracotomy
closure. The bupivacaine and saline preparations were
prepared by diluting 0.5% bupivacaine with normal
saline in the ratio of 1:1 in the operating room by a
cardiac anesthesiologist as a routine protocol of our
institution.

After the operation, morphine infusion at a dose
of 0.01 to 0.04 mg/kg/h infusion was administered to
all patients in both groups and continued up to 24 h in
the CICU as a routine protocol of our institution. The
dose was titrated on an hourly basis with evaluating
patients according to the RSS and CHEOPS scores
to achieve RSS score of 2 to 4 and CHEOPS score of
0 to 7 by. After 24 h, pain management of all patients
was done with non-steroidal anti-inflammatory
drugs (NSAIDs) (ibuprofen was given at a dose of
10 mg/kg for all patients after 24 h of CICU stay
three times a day). After the CICU stay, all patients
were checked at specific time intervals by a single
investigator until 48 h.

Table 2. Baseline characteristics of patient groups

If sedation/analgesia was considered inadequate,
morphine of 0.03 mg/kg was given as rescue analgesia
to the patients with a RSS score of >4 and CHEOPS
score of >7.

All patients were continuously monitored with
electrocardiogram and pulse oximetry and had an
arterial and central venous catheter line during the
CICU stay. Vital signs and clinical parameters were
checked on an hourly basis, as per nursing protocol,
and medications were recorded at least four times a
day, or when the dose was modified.

Children who met extubation criteria including
effective spontaneous breathing, absence of
residual muscle paralysis, response to verbal
orders, stable hemodynamic parameters, urine
output >0.5 mL/kg/h without active bleeding,
and oropharyngeal temperature above 36°C were
extubated.

Statistical analysis

Based on the power analysis, the number of samples
determined for power: 0.80, B: 0.20 and o: 0.05 was
calculated as minimum 12 patients for each group,
when the difference (D) 12 was considered for the
morphine consumption.

The GraphPad Prism version 5.01 software
(GraphPad Software Inc., La Jolla, CA, USA) was
used for all data analysis. Descriptive statistics
were expressed in mean + standard deviation (SD),
median (min-max) or number and frequency with
confidence interval (CI) values. Homogeneity of
the variables was determined using the Shapiro-
Wilk normality test. The Student's t-test was used
for independent and homogeneous binary variables
and the Mann-Whitney U test was used for non-
homogeneous binary variables. A p value of <0.05
was considered statistically significant.

Group 1 (ICNB) Group 2 (IV)
n % Mean+SD n % Mean+SD P
Age (month)¥ 41.6+30.5 27.9+20.8 0.12
Weight (kg)+ 15.2+7.1 10.4+4.7 0.03*
Cardiopulmonary bypass time (min) 57.0+10.6 60.8+9.3 0.149
Aortic cross-clamp time (min) 26.9+8.8 29.8+10 0.229
Gender
Female 13 393 13 433 1
Male 20 60.6 17 56.6 1

SD: Standard deviation; ¥ Mann-Whitney U test; * p<0.05
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Figure 1. Mechanical ventilation and intensive care unit duration.

SD: Standard deviation; MV: Mechanical ventilation; ICU: Intensive care unit; ICNB: Intercostal nerve block;

IV: Intravenous; Mann Whitney U test; * p<0.001.

RESULTS

There was no significant difference in the baseline
demographics between the groups (Table 2). The
mean SAP, DAP, and MAP values were within the
normal ranges, and there were no differences in
the hemodynamic parameters between the groups
(p>0.05). However, the mean MV duration of
Group 1 was significantly shorter than Group 2
(3.6£1.3 h in Group 1 and 9.4+2.1 h in Group 2)
(p<0.0001) (Figure la). The mean length of stay in the
intensive care unit was also shorter in Group 1 than
Group 2 (23+£2.6 h in Group 1 and 30+7.2 h in Group 2)
(p<0.0001) (Figure 1b). The need for postoperative
rescue analgesia (morphine) was significantly lower
for patients receiving ICNB than patients receiving
only general anesthesia (0.3x0.4 mg in Group 1
and 1.1£0.9 mg in Group 2) (p=0.003) (Figure 2a).
The mean postoperative total morphine consumption
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was also significantly lower in patients receiving
ICNB than patients receiving only general anesthesia
(4.0+2.2 mg in Group 1 and 9.0+3.3 mg in Group 2,
respectively) (p<0.0001) (Figure 2b). The HR was
statistically significantly lower in all time points in
Group 1, compared to Group 2 (p<0.05) (Figure 3).
The CHEOPS and RSS scores of Group 2 were higher
than Group 1 in all time points, expect for the early
and late postoperative period (before transfer to the
ward) (p<0.05; p<:0.01; and p>0.05, respectively)
(Figures 4, 5, Table 1).

There was no significant difference in terms of
adverse reactions including arrhythmia, hypotension,
hypertension, pruritus, vomiting, atelectasis, and
constipation between the groups (p>0.05) There was
no significant difference between the groups in terms
of surgical procedural variables such as aortic cross-
clamp time and cardiopulmonary bypass time (p>0.05)
(Table 2).
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Figure 2. Rescue analgesia and total morphine consumption.

SD: Standard deviation; ICNB: Intercostal nerve block; * p<0.05; ** p<0.01; Mann Whitney U test.
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RSS: Ramsay Sedation Scale; ICNB: Intercostal nerve block; I'V: Intravenous.

DISCUSSION

In this retrospective study, we investigated the
efficacy of parasternal ICNB in terms of opioid
consumption, MV and CICU duration after ASD
closure operations performed with mini-thoracotomy
in pediatric patients. According to our study results,
parasternal ICNB applied perioperatively significantly
decreased opioid consumption and MV and CICU
duration with effective pain control during the
postoperative 48 h in patients who underwent ASD
closure through mini-thoracotomy.

Effective postoperative pain management for early
and safe extubation is one of the most important
issues which affect the complication rates and costs in
congenital heart surgery. An ICNB under direct vision
with a long-acting local anesthetic agent is easy to
perform and has low risks of complications which can
provide satisfactory pain management after procedures
performed via thoracotomy.

Patients experience serious pain in the early
postoperative period after thoracotomy, compared to
sternotomy. Although conventional analgesic agents,
particularly morphine, are still the most preferred
analgesic agents for postoperative analgesia, high-dose
and long-term usage have many side effects such as
longer MV and CICU duration, withdrawal syndrome,
or abnormal intestinal motility. To avoid these side
effects, regional techniques such as thoracic epidural
analgesia, and intrapleural or ICNB have been used
as an alternative method for pain management in the
early postoperative period. Among these modalities,
the ICNB has been shown to provide satisfactory pain
relief with decreased opioid consumption and fewer
potential complications.?358-10

Several studies have shown that the ICNB
improves postoperative pulmonary functions, while
decreasing opioid consumption, and reduces associated
complications by providing improved postoperative
pain control.*!°16! Similar to our study, Barr et al.l¥
found reduced pain scores and total opioid consumption
in the patients where they performed operations with
parasternal ICNB for pain management after adult
cardiac surgery. Lukosiene et al.'”l also conducted
a study in pediatric patients undergoing minimally
invasive thoracic surgery where they evaluated the
efficacy of ICNB on acute pain management after the
Nuss procedure. Similar to our findings, they found
improved pain scores with less morphine consumption
in the ICNB group after the operation. We also found
improved pain and sedation scores in Group 1 (ICNB
group) compared to Group 2 (intravenous group)
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with less morphine consumption. Luo et al.'¥ also
demonstrated that the ICNB was more effective than
patient-controlled intravenous analgesia in pediatric
patients undergoing the Nuss procedure during the
acute postoperative period. According to our study
results, ICNB provided better analgesia for pain control
after ASD repair performed with mini-thoracotomy.
The ICNB also decreased the MV duration, thus
CICU duration, by reducing opioid consumption and
improving pulmonary functions. After congenital heart
surgery, particularly after thoracotomy procedures,
inadequate analgesia may lead to adverse circulatory
and respiratory events.'” Systemic NSAIDs alone
may not be effective as opioids and may cause
gastrointestinal and renal complications."®!

Furthermore, the success rates for conventional
regional approaches including epidural anesthesia,
percutaneous ICNB, serratus anterior plane block,
pectoral nerve blocks, and paravertebral blocks are
highly dependent on the operator skills which are
associated with increased serious complications.?*-5]
The ICNB performed before the thoracotomy closure
by the surgeon under direct vision increases the
success rate, while decreasing complications related
to the ICNB. Besides being easy to perform, block
under direct visualization, and improved analgesic
effects, there are many other advantages including
improved pulmonary functions, reduced CNS
depression, and avoidance of urinary retention.!¢8
Chaudhary et al."® investigated the efficacy and
safety of ICNB and demonstrated better outcomes
and improved pain management with parasternal
ICNB, which is a technically simple and safe way
of analgesic management in children undergoing
cardiac surgery.

The retrospective and non-randomized design of
the study with a relatively low sample size are the
main limitations of the study. In addition, this study
has a relatively short follow-up period. We recommend
further prospective, large-scale, long-term studies to
confirm these findings.

In conclusion, intercostal nerve block performed at
the end of the operation before thoracotomy closure
may reduce opioid consumption with better analgesic
effects, promote early extubation, shorten the duration
of mechanical ventilation and cardiovascular intensive
care unit stay with improved early postoperative
recovery.
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