—Original—

The Effect of Continuous Field Block through Intercostal Muscles
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Kenji Suzuki', Takashi Sasaki', Yasuo Miyagi', Keisuke Mori’,
Hiroaki Kishikawa?, Yosuke Ishii', Atsuhiro Sakamoto® and Takashi Nitta'

'Department of Cardiovascular Surgery, Nippon Medical School, Tokyo, Japan
‘Department of Anesthesiology, Nippon Medical School, Tokyo, Japan

Background: Postoperative pain management in thoracotomy patients often is difficult. Furthermore,
pediatric patients present more challenges because of their inability to effectively communicate their
pain intensity. The purpose of this study was to evaluate the use of continuous field block through in-
tercostal muscles as postoperative pain management in pediatric thoracotomy.
Methods: Between 2014 and 2018, 11 patients underwent an ASD closure using a cardiopulmonary by-
pass via a mini-right thoracotomy through the fourth intercostal space. At the time of chest closure, a
single-shot field block via the fourth intercostal muscles was performed with levobupivacaine (0.6 mg/
kg). The first five patients were only given the single-shot field block (Single group). The remaining six
patients were given levobupivacaine continuously (0.1 mg/kg/hr) through an indwelling catheter until
the chest tube removal (Continuous group). The groups’ vital signs, total amounts of acetaminophen
used, postoperative courses were compared.
Results: Although the heart rate did not differ between the groups, the respiratory rate was signifi-
cantly higher in the Single group versus the Continuous group at 16 and 32 hr post-surgery (35.6 + 9.7/
min vs. 18.5 + 4.7/min; p=0.007, 43.0 + 10.4 vs. 25.3 + 3.1; p=0.042, respectively). The accumulated dos-
age of acetaminophen given by postoperative day 2 was significantly higher in the Single group versus
the Continuous group (55.3 + 22.1 mg/kg vs. 7.8 = 17.4 mg/kg; p=0.012).
Conclusions: Continuous field block via intercostal muscles after ASD closure via a mini-right thora-
cotomy in children was effective to stabilize the vital signs and reduce the analgesic medication use.
(J Nippon Med Sch 2021; 88: 347-353)
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Introduction
Thoracotomy approach has been applied for simple car-
diac surgeries such as atrial septal defect closure or ven-
tricular septal defect closure in children. The advantages
of thoracotomy over the standard sternotomy are mini-
mal trauma, better postoperative recovery, and improved
cosmetic results. However, postoperative pain manage-
ment after thoracotomy presents challenges because of

the rich innervation of the thorax®. Poor pain control can

adversely affect the ability to cough and depth of breath-
ing, resulting in respiratory complications such as hy-
poxia and atelectasis, which preclude early recovery™.
Although systemic opioid based analgesia has been the
first choice after cardiac surgery in children, it has higher
incidence of nausea or vomiting.

Our strategy for (of) the minimally invasive closure of
an atrial ASD in children is designed to avoid ster-

notomy, peripheral cannulation, and opioid use after sur-
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Table 1 Patient characteristics

Single group (n=5) Continuous group (n=6) p-value
Age, yrs 5.2+4.1 (1-11) 5.0£3.2 (2-11) 0.938
Female/male 5/0 4/2 0.454
Weight, kg 17.3+11.5 (6.5-35) 18.7+9.5 (10.8-39) 0.859
ASD secundum type 4 6 0.454

Values are mean+SD (range). ASD: atrial septal defect.

gery, and the strategy involves the use of a small skin in-
cision, a thoracotomy, a muscle-sparing approach (except
for the separation of intercostal muscles), central cannula-
tion, and sufficient pain management without the use of
an opioid after surgery. For postoperative pain control, a
small catheter is put into the intercostal muscles and an
analgesic agent is given continuously.

Although regional analgesia after pediatric cardiac sur-
gery is widely and increasingly adopted world-wide™, to
the best of our knowledge, the report of a continuous
field block in intercostal muscles after cardiac surgery via
thoracotomy in pediatric patients is rare. Therefore, we
conducted the present study to evaluate the effect of a
continuous field block in intercostal muscles on the post-
operative course after ASD closure via a mini-right thora-

cotomy in pediatric patients.

Patients and Methods

Patients

This study was performed in accordance with the
guidelines of the Declaration of Helsinki and was ap-
proved by the Ethics Committee of the Nippon Medical
School in Tokyo, Japan (reference number: 29-01-889).
This was a retrospective study of 11 patients (nine girls,
two boys) who weighed <40 kg and underwent ASD clo-
sure via a mini-right thoracotomy at our institute be-
tween December 2014 and December 2018. All thora-
cotomy incisions were performed in the fourth intercostal
space. In all the patients, a field block via fourth intercos-
tal muscles (which aims to block an intercostal nerve)
was performed at the end of surgery with levobupiva-
caine (0.6 mg/kg).

In the first five patients, only the single-shot levobupi-
vacaine was given (the Single group). In the latter six pa-
tients, levobupivacaine was given continuously through
an indwelling catheter until the removal of the chest tube
(the Continuous group). As shown in Table 1, the mean
age at the operation was 5.2 + 4.1 years old (range: 1-11
years old) in the Single group and 5.0 + 3.2 years old (2-
11 years) in the Continuous group (p=0.938). The mean
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body weight in the two groups did not differ signifi-
cantly at 17.3 + 11.5 (6.5 to 35) and 18.7 + 9.5 kg (10.8 to
39), respectively (p=0.859).

Morphology

One patient in the Single group had an inferior sinus
venosus-type ASD and patent fossa ovalis, and the other
10 patients had an isolated secundum-type ASD.

Surgical Technique

In all patients, the skin incision was made longitudi-
nally in the anterior subaxillary region. The length of the
incision was limited to 5%-7% of the patient’s height. The
major pectoralis muscle and anterior serratus muscle
were preserved, but the fourth intercostal muscles were
separated widely instead. The cardiopulmonary bypass
was initiated with aortic perfusion and direct bicaval
drainage. The intracardiac repair was performed during
cardiac arrest.

A saline was added to 0.25% levobupivacaine (POP-
SCAINE 0.25%, Maruishi Pharmaceutical. Co., Osaka, Ja-
pan) and made diluted 0.1% levobupivacaine. For post-
operative pain control, at the time of chest closure, the
five patients in the Single group were given only a
single-shot field block in the fourth intercostal muscles
with 0.1% levobupivacaine (0.6 mg/kg = 0.6 mL/kg) via
a 23-gauge (ga.) needle. The six patients in the Continu-
ous group were given 0.1% levobupivacaine continuously
(0.1 mg/kg/hr = 0.1 mL/kg/hr) through an indwelling
peripheral nerve block catheter (Contiplex, B. Braun Mel-
sungen, Melsungen, Germany; 18 ga.) after the same
single-shot field block as that received by the Single-
group patients (Fig. 1). A nerve block catheter was in-
serted toward a paravertebral space between internal and
external intercostal muscles at the fourth intercostal
space.

After that, the drain, made of silicon rubber and 15-Fr
or 19-Fr in accord with the patient’s body size was in-
serted through the fifth intercostal space, followed by
chest closure.

Postoperative Care

All patients were administered a continuous dexmede-
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Fig. 1 An indwelling peripheral nerve block catheter was inserted toward a paraverte-
bral space between internal and external intercostal muscles at the fourth intercos-
tal space. The patients in the Continuous group were given levobupivacaine con-

tinuously through the catheter following a shot field block.

Table 2 Operation data

Single group (n=5) Continuous group (n=6) p-value
Operation time, min 209.0+42.2 (176-291) 310.0+56.9 (224-407) 0.014
Cardiopulmonary bypass time, min 63.2+23.2 (40-105) 87.5+19.7 (65-125) 0.135
Cross-clamp time, min 31.6+17.7 (11-63) 30.0+12.6 (17-56) 0.883
Intraoperative fentanyl dose, ug/kg 10.3+2.9 (7.1-15.6) 14.5+7.3 (4.6-25.8) 0.558

Values are mean +SD (range).

tomidine infusion (0.4-0.7 ng/kg/hr) during their postop-
erative stay in the intensive care unit. Acetaminophen
(10 mg/kg) was given by oral, rectal, or intravenous ad-
ministration as needed. No other analgesic agent includ-
ing opioid was given.

Data Collection and Analysis

The operation data such as the operation time, the car-
diopulmonary bypass time, the cross-clamp time, and the
dosage of fentanyl given intraoperatively were collected.
The vital signs (heart rate and respiratory rate) were col-
lected before the operation and every 8 hr after the op-
eration until the removal of the chest tube and indwell-
ing peripheral nerve block catheter. The duration of intu-
bation was defined as the time between the end of the
operation and the extubation.

The data are presented as the mean + standard devia-
tion (SD) and range. The two-group comparisons were
done with the Mann-Whitney U-test and the 2x2 Chi
square test for patient characteristics and operation data.
The comparisons between the values before and after the
operation were performed with a one-way ANOVA. For

all tests, a value of p<0.05 was considered significant.
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Results

There was no death, no re-operation, and no complica-
tion such as pneumothorax, bleeding, and neurological
adverse events. The mean operation time, cardiopulmon-
ary bypass time, cross-clamp time, and dosage of fen-
tanyl given intraoperatively are provided in Table 2.
There were no significant differences in the cardiopul-
monary bypass time, the cross-clamp time or the dosage
of fentanyl given intraoperatively between the Single and
Continuous groups.

The details of the patients’ postoperative courses are
given in Table 3. The average duration of intubation was
167.8 + 162.6 min (30-487) in the Single group and 196.0
+ 90.0 min (30-292) in the Continuous group (p=0.764).
The chest tube was removed postoperatively at 1.6 = 0.5
days (1-2) in the Single group and at 2.0 + 0 days (all 2
days) in the Continuous group. The catheter for the con-
tinuous field block was removed at 2.2 + 0.4 days (2-3) in
the Continuous group. Transfusion for anemia was
needed in two patients in the Single group.

The accumulated dosage of acetaminophen given by
postoperative day 2 was 55.3 + 22.1 mg/kg (38.5-97.8) in
the Single group and significantly less at 7.8 + 17.4 mg/
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Table 3 Postoperative course

Smgzlr(lez%oup Contm(l;o:%s) group p-value

Duration of intubation, min 167.8+162.6 (30-487) 196.0+90.0 (30-292) 0.764
Chest tube removal, days 1.6+0.5 (1-2) 2.020 (all 2) 0.178
Duration of continuous intercostal nerve block, days 2.2+0.4 (2-3)

Transfusion including intraoperation 2 0 0.182
Accumulated dosage of acetaminophen given by postoperative 55.3+22.1 (38.5-97.8) 7.8+17.4 (0-46.6) 0.012
day 2, mg/kg

Hospital stay, days 6.2+0.4 (6-7) 5.5+1.4 (4-8) 0.323

Values are mean +SD (range).
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Fig. 2 There was no significant between-group difference in the median heart rate at before

and after the operation. The median heart rate in the Single group at 8 and 16 hr after

the operation were significantly lower than the value before the operation (8 hr:

p=0.027 16 hr: p=0.009). #p<0.05 vs. the pre-operation value.

kg (0-46.6) in the Continuous group (p=0.012). The aver-
age length of hospital stay was 6.2 + 0.4 days (6-7) in the
Single group and 5.5 + 1.4 days (4-8) in the Continuous
group (p=0.323).

The median heart rates in the Single and Continuous
groups are illustrated in Figure 2; there was no signifi-
cant difference between the two groups. The median
heart rate of the Single group at 8 and 16 hr after the op-
eration were significantly lower than the value before the
operation (before operation: 105.6 = 15.1/min, 8 hr: 83.6
+ 20.5; p=0.027, 16 hr: 78.8 + 16.8; p=0.009).

The median respiratory rates of the Single and Con-
tinuous groups are provided in Figure 3. The respiratory
rate was significantly lower in the Continuous group at
16 hr and 32 hr post-surgery (35.6 = 9.7/min vs. 18.5 +
4.7 /min, p=0.007; 43.0 = 10.4 vs. 25.3 + 3.1, p=0.042, re-
spectively).

Discussion
The results of this retrospective study demonstrated that

the respiratory rate and the rescue usage of aceta-
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minophen were significantly lower in the patients for
whom a continuous field block was administered, and
these data imply that a continuous field block provides
effective analgesia for pediatric patients undergoing ASD
closure via a mini-right thoracotomy. The technique de-
scribed herein was also safe, because the insertion of the
catheter was achieved under direct observation, and
there were no complications.

There was no significant difference in the post-
operative heart rate between the Single and Continuous
groups, because the continuous dexmedetomidine infu-
sion reduced the heart rate in both groups. Earlier stud-
ies demonstrated the heart rates were lower in patients
who received a dexmedetomidine infusion”’. In contrast,
the pain management due to the continuous field block
in the present study reduced the respiratory rate in the
Continuous group. Tarikci et al. reported dexmede-
tomidine infusion had no significant effect on the pa-
tients’ respiratory rate’.

We emphasize the necessity of effective pain control

for minimally invasive cardiothoracic surgery in children.
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Fig. 3 The median respiratory rate after the operation was significantly lower in Continuous

group at 16 and 32 hr after the operation (p=0.007 and p=0.042 respectively).

At our hospital, ASD closures are performed with an in-
cision that is within 5%-7% of the patient’s height, and
the closure thus requires an extensive subcutaneous dis-
section and wide separation of intercostal muscles. Deep
tissue disorder as well as the skin incision can cause
postoperative pain'. Fitzgerald et al." showed that the
immaturity of sensory processing in children leads to
lower thresholds for excitation and sensitization, there-
fore potentially maximizing the central effects of these
tissue-damaging inputs. Moreover, early damage in in-
fancy can lead to prolonged structural and functional al-
terations in pain pathways that can last into adult life.
Anand et al.** noted that in children undergoing cardiac
surgery, the physiologic responses to stress are attenu-
ated by deep anesthesia and postoperative analgesia, and
pain control may reduce the vulnerability of these chil-
dren to complications and may reduce mortality.
Postoperative pain control in pediatric cardiac surgery
is difficult to achieve and requires careful consideration
for the following reasons. Bleeding, inadvertent intravas-
cular injection and nerve injury that are concealed from
view are concerns in the use of regional block tech-
niques’. Similarly, an epidural hematoma is a concern in
the administration of epidural analgesia during surgeries
involving a cardiopulmonary bypass”. On the other
hand, the use of intravenous patient-controlled analgesia
for children is still controversial, as earlier reports em-
phasized the life-threatening risks associated with
patient-controlled analgesia by a parent and/or nurse to

13,14

treat pain in young children™". Additionally, the system-
atic administration of acetaminophen sometimes results
in uncertain effects, and the dosage needed for sufficient
efficacy must be considered™".

A continuous nerve block through an indwelling inter-
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costal catheter has now been used in lung surgery for

15,16

several years. Previous studies™ showed that such a
nerve block can ameliorate patients’ postoperative pain.
A continuous intercostal nerve block also appears to be a
safe and useful technique for the supplementation of
postoperative analgesia in pediatric patients with the
Nuss procedure'. Specifically, patients undergoing a tho-
racotomy may suffer from severe postoperative pain, but
adequate pain control can be obtained by analgesia with
a continuous intercostal nerve block™”. Single-shot pe-
ripheral regional blocks using levobupivacaine provide
analgesia for only 12-16 hr'®"”.

By contrast, adequate postoperative analgesia, espe-
cially during the first 48 hr, reduces the stress of the sur-
gical procedure such as changes in the endocrine, meta-
bolic, and inflammatory systems””*. We sought to block
the intercostal nerve by infiltration anesthesia. As we did
not confirm whether the edge of the indwelling catheter
was in the paravertebral space or the neurilemma of the
intercostal nerve, we named our technique “field block
via intercostal muscles. ”

The between-group difference in the operation time
was caused by a technical issue regarding the insertion of
the indwelling catheter, which took almost 10 minutes. In
addition, the operations for the Single group (the first
five patients) were performed by the same surgeon,
whereas those for the Continuous group (the latter six
patients) were performed by two surgeons including a
clinical fellow.

A major component of a nerve block using an intercos-
tal catheter may spread into surrounding tissue as well
as the intercostal space with the catheter. Mowbray et
al.” stated that the spread of an analgesic agent involved

one or two intercostal spaces; simultaneously, the agent
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spread medially to the paravertebral space, and then it
spread in both caudad and cephalad directions to reach
between two and five vertebrae. In addition, an analgesic
agent was observed crossing the anterior surface of the
vertebrae to reach the contralateral aspect™.

Our present study’s limitations include the small num-
ber of cases (n=11), the issue regarding the location of the
tip of the block catheter, and the lack of a numerical or
other objective pain evaluation method. Our patient se-
ries is too small to allow firm conclusions about the rela-
tionship between a continuous field block and reduced
stress responses. There is the possibility of the type 2 er-
ror, i.e. of our analyses being “underpowered” with a
small number of cases which has no significant difference
in particular. A type 2 error may also include instability
(declining reproducibility) even for a result which shows
a significant difference. However, the differences between
the Single and Continuous groups suggested that the
continuous field block might reduce postoperative pain
in children who have undergone cardiac surgery via a
thoracotomy. In any case, caution is necessary for clinical
practices applying these results, and analyses in further
large-scale studies are necessary.

Secondly, the location of the tip of the block catheter
was not confirmed using x-ray or echography; however,
we confirmed under direct vision that the tip of the
catheter was left in the intercostal muscles and did not
appear in the chest cavity. Finally, we did not perform a
quantitative assessment of analgesia using the FLACC
(face, legs, activity, cry and consolability) Scale or the
Nonverbal Pain Scale (NVPS).

We conclude that a continuous field block via intercos-
tal muscles after the closure of an atrial septum defect
through a mini-right thoracotomy in children was effec-
tive to stabilize the patients” vital signs and reduce the

need for post-operative analgesic medication.
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