Days for closure

of WD

18 days
32 days
14 days
17 days
26 days
28 days

Depth
of WD
1.7 cm
24 cm
1.0 cm
1.8 cm

22 cm
1.7 cm

Sacral and perineal area (6.0 x 2.8 cm)
Sacral and perineal area (4.8 x 3.4 cm)

Area of WD

Neck (44 x 1.7 cm)
Sacral area (5.5 x 3.8 cm)
Abdomen (3.6 x 2.5 cm)
Abdomen (4.3 x 2.5 cm)

Bacterias associated to WD
Pseudomonas aeruginosa
MRSA Pseudomonas aeruginosa
Pseudomonas aeruginosa
Pseudomonas aeruginosa

MSSA Klebsiella

MRSA

Day of starting

Arginaid
POD-11
POD-22
POD-12
POD-7
POD-8
POD-5

Day of strating

NPWT
POD-11
POD-12
POD-11
POD-7
POD-8
POD-5

Day at onset

of WD
POD-7
POD-12
POD-8
POD-7
POD-8
POD-4

Reconstruction of colostomy

Radical op for spinal bifida
Anorectoplasty

Laryngotracheal separation
Gastrostomy

Performed Op
Tumor extirpation

Age at Op

26 MO
DO

31 MO

6 MO

10 MO

1D0O

Pt
1

3
5

Feature of wound dehiscence and clinical outcome of patients with it

Table 3
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There were no complications associated with this combina-
tion therapy during the therapy and observation periods after
discontinuing the combination therapy.

Chronological change in blood plasma arginine concentration

The therapeutic level of plasma arginine in blood before
combination therapy was below the normal range (44.0 + 14.3
nmol/mL, normal range 53.6-133.6 nmol/mL). The mean argi-
nine level showed a sufficient increase 1 to 4 wk after starting
this therapy. The blood plasma arginine levels at 1 to 4 wk of
therapy were 75.4 + 16.6, 87.0 + 15.5,91.1 £ 16.4, and 90.2 + 15.2
nmol/mL, respectively. The level of arginine during the thera-
peutic period was within the normal range. In addition,
a significant difference was observed in the blood arginine lev-
el between the pre- and post-therapeutic investigation points
(P < 0.05).

Discussion

The NPWT was developed for wound dehiscence with or
without SSI and has been used extensively [5-12]. This therapy
involves the insertion of an open-cell foam sponge into the
wound, which is then sealed with an adhesive drape, and
negative, subatmospheric pressure is applied, usually at 100 to
125 mmHg [5]. NPWT is generally thought to promote wound
healing by removing local edema, which improves vascular and
lymphatic flow, decreasing bacteria density, promoting angio-
genesis in the wound, and increasing the formation of granula-
tion tissue [7,11]. There have been several reports describing the
advantages of NPWT for wound management in adult patients in
the plastic and general surgical, thoracic, and orthopedic fields
[5-12]. In contrast, there have been few reports of NPWT for
wound management in pediatric patients after surgery [8-12].
Mooney et al. [8] treated 27 children with traumatic and infec-
tious lower extremity tissue loss using NPWT. They applied the
NPWT to acute and chronic wounds in their patients and
reported that one-third of their patients had delayed primary
wound closure or complete healing without the need for flap
closure. Caniano et al. [9] also used NPWT in 51 pediatric surgical
patients, including 12 patients with surgical wound dehiscence,
and reported that NPWT was a safe and effective alternative to
traditional wound care for patients with complicated wounds. In
addition, Butter et al. [11] reported the early improvement of
surgical wound dehiscence using NPWT in seven pediatric
patients. NPWT was also effective for early wound healing in six
patients with wound dehiscence caused by severe SSI in the
present series. In particular, two patients had severe wound
dehiscence caused by a large amount of local fluid from a small
fistula connected to the gastrointestinal tract. The NPWT
successfully closed the fistula and the wound dehiscence. These
results and those of the previous studies indicate that NPWT
provides excellent treatment for pediatric patients with wound
dehiscence caused by SSI.

The ARS was administered to the patients with wound
dehiscence caused by SSI in addition to treatment with NPWT.
Arginine is a dietary, conditionally essential amino acid. About
50% of the ingested arginine is released into the portal circulation
and the remaining arginine is then directly used in the small
intestine [16,21]. The venous circulating arginine serves as the
substrate for protein and collagen metabolism in extrahepatic
tissues [16,21]. The kidney metabolizes citrulline, which is the
major precursor for arginine, into arginine and exports arginine
into the systemic circulation. Arginine possesses numerous

Abbreviations; B, boy; DO, day old; G, girl; MO, month old; MSSA, Methicillin-sensitive Staphylococcus aureus; MRSA, Methicillin-resistant Staphylococcus aureus; NPWT, negative pressure wound therapy; Op, operation;

POD, postoprative day; WD, wound dehiscence
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Fig. 1. Chronological change in wound dehiscence in patient number 2. (A) Wound appearance on the day of the wound dehiscence (postoperative day 12). (B) Negative
pressure wound therapy (postoperative day 12). Wound appearance on the (C) 10th day after starting arginine-rich supplementation (postoperative day 32), (D) 20th day
after starting arginine-rich supplementation (postoperative day 42), (E) 28th day after starting arginine-rich supplementation (postoperative day 50), and (F) 50th day after

starting arginine-rich supplementation (postoperative day 72).

unique and potentially useful pharmacologic effects involving
protein synthesis, the function of T-lymphocytes, and a positive
nitrogen balance [16,21]. In addition, arginine is a substrate for
nitric oxide, which has a critical role in vascular dilatation [16,
21]. Therefore, the administration of arginine leads to the
improvement of local circulation in the wound dehiscence site
[16,21]. In fact, the presence of nitric oxide produced from
arginine has been suggested to help the transition of a wound
from the acute inflammatory phase to the proliferative phase of
wound healing [18]. Furthermore, arginine is involved with the
two major catabolic pathways associated with wound healing,
including the production of nitric oxide, cell proliferation, and
collagen through its metabolism to ornithine and other poly-
amines [18,19]. Therefore, recent clinical and experimental
studies of arginine have focused on wound healing [13-20]. The
administration of L-arginine leads to the restoration of decreased
hydroxyproline levels, which is a metabolite of collagen
synthesis, in the wound fluid, preventing a decrease in collagen I
synthesis and increasing the wound breaking strength after
traumatic hemorrhage [13,14]. In addition, the benefits of
L-arginine administration on early wound healing have been
clinically reported in patients with pressure ulcers and traumatic
wounds [15-19]. However, there have been no reports of
t-arginine enteral administration for the improvement of wound
dehiscence caused by SSI. Therefore, ARS including r-arginine
was administered to pediatric patients with wound dehiscence
caused by SSI in addition to the introduction of NPWT. In fact,
complete closure of the wound was recognized in patients with
large complicated wound dehiscence an average of 3 wk after the
introduction of combination therapy. The precise advantages of
the individual therapies could not be shown in this study
because it was not a comparison between this combination
therapy and the traditional wound care therapy or only NPWT.
However, the duration of this combination therapy for closure of

wounds was thought to be shorter than in other clinical reports
describing only NPWT in pediatric surgical patients [8-12].

We used this combination therapy in patients with SSI
without an acute inflammatory phase or a severe systemic
inflammation. In a recent study, a special diet that included
arginine failed to shorten a prolonged inflammatory phase and
impaired healing in malnourished rats [22]. The results of this
study indicate that previous undernutrition increases the
inflammatory reaction after subsequent wounding and that this
reaction almost certainly negatively modulates the process of
wound healing [23]. It is likely that special diets enriched in
arginine and trace elements do not have a positive effect, which
is related to an increased production of nitrous oxide, in a severe
inflammatory condition. Therefore, clinicians should avoid using
ARS in patients with SSI in an acute inflammatory phase or
a severe systemic inflammation.

In conclusion, this study demonstrated that the administra-
tion of ARS in addition to NPWT is effective for the improvement
of wound dehiscence caused by SSI in infant patients after
surgery. However, the number of patients investigated in this
study was very small. Further studies in a larger group of infant
patients will therefore be necessary to elucidate the usefulness of
this combination therapy for wound dehiscence caused by SSI.
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Abstract
I;e:roblfsltoma, d loss: Background: In neuroblastomas (NBs) without MYCN amplification, segmental chromosome
Ae"l?len 4l gam and 0ss, aberrations SCAs such as 1p loss, 11q loss, and 17q gain have been suggested to be associated with
£¢ . . the prognosis of the patients. We assessed the correlation between the number of SCAs and other
MYCN amplification; . . .
S al cf | biological factors in primary NBs samples.
eimenﬁelmzlromosoma Method: The status of SCAs in 54 primary NBs samples was analyzed using the single-nucleotide
aberra

polymorphism (SNP) array (Human CMV370-Duo; Illumina, San Diego, CA). The status of MYCN
amplification was determined by an SNP array and the fluorescence in situ hybridization method. The

DNA ploidy was determined by flow cytometry.

Results: Nine of 54 samples showed MYCN amplification. All 9 samples with MYCN amplification and
20 of 45 samples without MYCN amplification showed diploidy/tetraploidy, and the other 25 samples
without MYCN amplification showed aneuploidy. The most frequent SCAs were 17q gain (26/54;
48.1%) and 11q loss (16/54; 29.6%), followed by 1p loss (15/54; 27.8%). The number of SCAs in
diploidy/tetraploidy NBs without MYCN amplification (7.00 + 4.67) was higher than that in NBs with
MYCN amplification (4.78 £ 2.82) and in aneuploid NBs (1.64 + 2.78) (P < .05). In diploid/tetraploid
NBs without MYCN amplification, there was a significant difference between an age at diagnosis less
than 12 months (n = 7) and over 12 months (n = 13) (4.14 +3.63 vs 8.54 + 4.54; P = .04). Moreover, the
number of SCAs correlated with the age at diagnosis in diploid/tetraploid samples without MYCN
amplification (» = 0.70, P = .0006). In NBs with MYCN amplification, the number of SCAs did not

correlate with the age at diagnosis.

Conclusion: The number of SCAs significantly increased in proportion to age at diagnosis in diploid/
tetraploid NBs without MYCN amplification. The increase in the number of these SCAs may play an
important role in the prognosis of patients without MYCN amplification over 12 months of age.

© 2011 Elsevier Inc. All rights reserved.

Presented at the Pacific Association of Pediatric Surgeons 44th Annual

Meeting, Cancun, Mexico, April 10-14, 2011. Neuroblastoma (NBS? is tl}e most common extracranial
* Corresponding author. Tel.: +81 92 642 5573; fax: +81 92 642 5580. solid malignant tumor in children. It originates from the
E-mail address: ryotas@pedsurg.med.kyushu-u.ac.jp (R. Souzaki). sympathetic nervous system and usually occurs in the

0022-3468/$ — see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.jpedsurg.2011.09.005
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adrenal medulla. Despite the increasing knowledge about the
biology of NBs, the survival rate of high-risk NBs patients is
still poor [1].

Several genetic markers of NBs have been shown to
provide prognostic information. For example, with regard to
the ploidy of NBs, in contrast to diploidy/tetraploid NBs,
triploid tumors are associated with a good outcome [2].
MYCN gene amplification occurs in approximately 25% of
primary NBs, and NBs with MYCN amplification show a
poor prognosis [3-5]. In NBs without MYCN gene amplifi-
cation, genetic instability as the segmental chromosome
aberration (SCAs), such as a lp loss, 3p loss, 11q loss, and
17q gain [6,7], is another poor prognostic factor. However, in
NB samples, SCAs are found in not only 1p, 3p, 11q, and 17q
but also in other chromosomes. The correlation between the
number of SCAs and the prognosis of NBs is not revealed.

Genome-wide high-resolution screening methods, such as
single-nucleotide polymorphism (SNP) [8,9], comparative
genomic hybridization (CGH) [10], and other arrays have
recently been used to detect the biological alterations in NBs
samples instead of low-resolution approaches such as G-
banded chromosome analysis. These genome-wide analyses
have facilitated and accelerated the known copy number
alterations of NBs.

In the present study, we determined the SCAs in 54 NBs
patients using a high-resolution SNP array to analyze their
association the number of SCAs with other prognostic
markers of NBs, such as MYCN amplification, age at
diagnosis and ploidy.

1. Materials and methods

1.1. Patient clinical data and biological data of
NB samples

Patients with NB, evaluated in the Department of
Pediatric Surgery in Kyushu University, were diagnosed
between April 1988 and March 2008. The tumors were
staged according to the International Neuroblastoma Staging
System (INSS). All of the parents of the patients provided
their informed consent for tumor preservation and the
biological analysis before surgery. We have obtained the
comprehensive agreement for all samples. This study was
performed according to ethical guidelines for clinical studies
of the Ministry of Health, Labour and Welfare of Japan.
Fifty-four NBs samples were obtained from untreated
patients. The patient clinical data and biological data of all
NB samples are shown in Table 1. The patients included 30
boys and 24 girls; 12 were stage 1 according to the INSS, 4
were stage 2, & were stage 3, 26 were stage 4, and 4 were
stage 4S. Thirty had been diagnosed when they were younger
than 12 months of age (median 12 months old, 0-108
months). Nine patients were identified by a mass screening
system in Japan at 6 months old. DNA ploidy was

Table 1  Patient clinical and biological data of NB samples

Clinical data

Sex
Male 30
Female 24
Age
<12 mo 30
=12 mo 24
Mass screening
Positive 9
Negative 45
INSS
1 12
2 4
3 8
4 26
48 4
Biological data
Ploidy
Diploid/tetraploid 29
Aneuploid 25
MYCN amplification (+) 9
MYCN amplification (—) 45

determined by flow cytometry in all 54 specimens [11], and
MYCN amplification was determined by fluorescence in situ
hybridization (FISH) and SNP array. All 54 samples were
grouped by three groups based on the difference of the tumor
biology. The diploid/tetraploid samples with MYCN ampli-
fication are identified as group 1. The diploid/tetraploid
samples without MYCN amplification are identified as group
2. The aneuploid samples without MYCN amplification are
identified as group 3.

1.2. SNP array

DNA was extracted from tumor samples and purified
using the standard method. The DNA was subjected to an
SNP array analysis using Human CMV370-Duo (Illumina,
San Diego, CA) according to the manufacturer’s protocol.
Genomic profiles were created using the Illumina Genome
Viewer and Chromosome Browser of [llumina’s BeadStu-
dio3.0 software program. All samples showed call rates
greater than 0.99. We counted the number of SCAs in each
chromosome for all samples.

1.3. FISH method

The gene dosage of the MYCN gene was determined by a
FISH analysis as described previously [12]. The MYCN gene
probe (LSI N-MYC SO; Vysis) or MYCN gene and the o
satellite region of human chromosome 2 probes (LSI N-
MYC SG/CEP 2 SO DNA probe; Vysis) were used. The
signals representing the MYCN gene and the centromeric
region of chromosome 2 were counted in 100 cells on each
slide. The MYCN amplification was defined as an increase of

— 119 —



2230

R. Souzaki et al.

Table 2 SCAs and MYCN gene amplifications

Group 1 (n =9) Group 2 (n = 20) Group 3 (n = 25) Total (n = 54)
17q gain 8/9 (88.9%) 13/20 (65.0%) 5/25 (16.0%) 26/54 (48.1%)
11q loss 3/9 (33.3%) 11/20 (55.0%) 2/25 (8.0%) 16/54 (29.6%)
1p loss 9/9 (100%) 520 (25.0%) 1725 (4%) 15/54 (27.8%)
2p gain 2/9 (22.2%) 7/20 (45%) 2/25 (8%) 11/54 (20.4%)
3p loss 1/9 (11.1%) 9/20 (45%) 1/25 (4%) 11/54 (20.4%)

over 4-fold of MYCN signals in relation to the number of
chromosome 2 signals in a dual-color probe or over 8 MYCN
signals in a single-color probe.

1.4. Statistical analyses

Data were analyzed using Student t test. The results are
expressed as the means + SD for the number of SCAs of
NBs samples. We determined Pearson correlation co-
efficients between the number of SCA and the age at
diagnosis. The %? test was used for statistical analysis. We
calculated the P wvalues, with P < .05 set to indicate
statistical significance.

2. Results
2.1. SCAs and MYCN gene amplifications

Nine of 54 samples showed MYCN amplification. All 9
samples with MYCN amplification (group 1) and 20 of 45
samples without MYCN amplification showed diploidy/
tetraploidy (group 2), and other 25 samples without MYCN
amplification showed aneuploidy (group 3). One or more
SCAs were detected in 37 (68.5%) of all 54 samples. In all 54
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Fig. 1 The number of SCAs in 3 groups. The number of SCAs in
group 2 (7.00 + 4.67) was higher than that in group 1 (4.78 £ 2.82)
and group 3 (1.64 £ 2.78) (P < .05).

samples, the most frequently observed SCAs were 17q gain
(26/54; 48.1%) and 11q loss (16/54; 29.6%), followed by 1p
loss (15/54; 27.8%) (Table 2). The Ip loss and 17q gain
occurred frequently in NBs samples with group 1, whereas
the 11qloss, 2p gain, and 3p loss occurred more frequently in
NBs samples with group 2.

Fig. 1 showed the number of SCAs in three groups. The
number of SCAs in group 2 (7.00 + 4.67) was significantly
higher than that in group 1 (4.78 £ 2.82) and group 3 (1.64 +
2.78) (P < .05).

2.2. Correlation between the number of SCAs
and the age at diagnosis

There was a significant difference between the age at
diagnosis (<12 months, n = 7, and >12 months, n = 13;
4.14 £ 3.63 vs 854 + 454, P = .04) in group 2. Fig. 2
shows that there was a significant (+ = 0.70, P = .0006)
correlation between the number of SCAs and the age at
diagnosis in group 2. All 7 patients that died due to the
tumor showed 8 or more SGAs. In group 2, the number of
SCAs in the patients that died (n = 7) was significantly
higher than that in the survivors (n = 13) (9.86 + 2.48 vs
5.46 £ 491, P = .04).

On the other hand, in samples with group 1, the
number of SCAs did not correlate with the age at
diagnosis (» = 0.13, P = .726) (Fig. 3), and there was not
significantly difference between the number of SCAs in
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Fig. 2 The correlation between the number of segmental

aberrations and the age at diagnosis in samples without MYCN
amplification (» = 0.70, P = .0006).
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Fig. 3 The correlation between the number of segmental

aberrations and the age at diagnosis in samples with MYCN
amplification (r = 0.13, P = .726).

the patients that died (n = 6; 5.16 = 3.06) and that in the
survivors (n = 3; 4.00 % 2.65).

3. Discussion

In the present study, the number of SCAs such as 11q
loss, 17q gain, and lp loss, significantly increased in
proportion to the age at diagnosis in patients with diploid/
tetraploid NBs without MYCN amplification. Spitz et al
[13] previously reported that 11q and 3p loss were also
associated with advanced stage disease and that the
children with 11q deletion and 3p deletion were older
than those with normal 11q and normal 3q loss. 17q gain
was reported to be associated with factors related to a poor
prognosis, such as advanced stage disease, MYCN
amplification, age at diagnosis, and ploidy [14]. These
SCAs therefore affect the patient prognosis. However, in
NBs samples, segmental chromosomal gain and loss are
found in not only Ip, 3p, 11q, and 17q but also in other
chromosomes [15]. This is the first report on the
association between the number of SCAs with the age at
diagnosis and the prognosis in diploid/tetraploid NBs
without MYCN amplification.

The number of SCAs in aneuploid samples is low in the
current study. In aneuploid tumors, whole chromosomal
gain and loss were more common. Therefore, there is no
significant correlation between the number of SCAs and
the age at diagnosis and the prognosis (data are not
shown). However, only 1 patient with aneuploidy died due
to the tumor in the current study. This case had 3 SCAs
(9p gain, 11q loss, and 17q gain). The 11q loss and 17q
gain are poor prognostic factors in diploid tumors, and
therefore, these SCAs may have been responsible for the
poor prognosis of this patient.

Our study also showed that the number of SCAs increases
as the age at diagnosis increases for subjects with diploid

NBs. Diploid NBs may be unstable; therefore, segmental
gains and losses may accumulate over time in the presence of
diploidy. When NBs develop poor prognostic abnormalities
such as 11q, 3p loss, and 17q gain, there may be an increase
in the speed of tumor growth, which leads to the onset of
symptoms. On the other hand, in samples with MYCN
amplification, the number of SCAs did not correlate with the
age at diagnosis in our study. In our study, MYCN amplified
patients are 9. Therefore, a larger number of cases must
therefore be studied to elucidate this point.

In conclusion, the number of SCAs significantly
increases in proportion to the age at diagnosis in subjects
with diploid/tetraploid NBs without MYCN amplification.
The increase of the number of these SCAs may play an
important role in the prognosis of the patients without
MYCN amplification.
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Significance of Abnormalities in Systems Proximal and
Distal to the Obstructed Site of Duodenal Atresia

Fatima S. Alatas, Kouji Masumoto, Genshiro Esumi, Kouji Nagata, and Tomoaki Taguchi

ABSTRACT

Background: Duodenal atresia (DA) is a well-known neonatal intestinal
disease. Even after surgery, the proximal segment can continue to be
severely dilated with hypoperistalsis, resulting in intestinal dysmotility
problems in later life. No data have been published regarding the morpho-
logic differences between the proximal and distal regions of obstructed sites
of the intramural components in DA.

Methods: Operative duodenal samples (N = 12) from cases with DA (age
1-3 days) were used. Age-matched controls (N = 2) were used. All of the
specimens were immunohistochemically stained with antibodies to S-100
protein, a-smooth muscle actin, and c-kit protein.

Results: At the proximal segments of the obstructed site in DA, the number
of neuronal cells decreased in size and number. The circular musculature
was moderately to severely hypertrophic. Unusual ectopic smooth muscle
bundles were also identified. The innermost layer of the circular musculature
was thinner. Interstitial cells of Cajal are decreased, even around the
myenteric plexus. All of the staining in the distal segments in DA was
similar to the control tissues.

Conclusions: Proximal and distal segments in DA differ in the neural cells,
musculature, and distributions of the interstitial cells of Cajal. Based on the
present study, these morphologic changes may contribute to the onset of
postoperative duodenal dysmotility.

Key Words: a-smooth muscle actin, duodenal atresia, interstitial cells of
Cajal, neural cells

(JPGN 2012;54: 242-247)

uodenal atresia (DA) is a well-known intestinal disease,

which frequently causes intestinal obstruction in newborns,
and it is commonly associated with other congenital anomalies
(1,2). DA accounts for 25% to 40% of all cases with intestinal
atresia (IA) (3). The frequency of DA in Japan is reported to be 1 in
3000 to 5000 live births.

Various surgical procedures to anastomose the proximal
dilated site to the distal site, such as duodenoduodenostomy and
duodenojejunostomy, have been introduced with promising results
(4-7). Successful surgical repair has also been reported, with a
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mortality rate as low as 3% to 5% after correction, in addition to an
excellent long-term survival rate (8—10). Even after successful
surgery, however, the proximal site can continue to be severely
dilated with hypoperistalsis, resulting in intestinal dysmotility
problems in later life (11). Dysmotility problems in DA appear
to be caused by a dilatation of the intestine proximal to the obstructed
site, which has not been adequately resected. Intestinal dysmotility
often leads to functional obstruction characterized by marked dilata-
tion resulting from ineffective peristalsis (12-14). These findings
have been supported by previous manometric studies, which found a
reduction in the intraluminal manometric pressure and a transit
disturbance in the dilated proximal intestines (15,16).

Similar to other types of 1A, in DA, hyperplasia and hyper-
trophy of the smooth muscle are found in varying degrees in the
proximal site of obstruction, whereas these same conditions are
rarely observed at the distal site of the obstruction (17,18). Chick
studies have demonstrated several abnormalities in the intramural
nervous system, muscular elements, and the interstitial cells of
Cajal (ICC) in the proximal dilated segment of the IA. These
findings were found not only in human samples of patients with
IA but also in a chick 1A model (11,19). There are no published data
describing the differences between the proximal and distal sections
of obstructed sites regarding the intramural components in patients
with DA, In the present study, we investigated the morphologic
differences in the enteric nervous system, the ICC, and smooth
muscle, between the regions proximal and distal to the obstructed
site in neonates with DA, to enhance our understanding of motility
problems in patients with DA.

METHODS

Tissue Specimens

Twelve resected duodenal samples obtained from neonates
with DA who were delivered at Kyushu University Hospital
(Fukuoka, Japan) were used in the present study after obtaining
the approval of the university ethics committee. The subjects’
gestational ages were 34 to 40 weeks, and the duodenal samples
were obtained at the primary operation during the subjects’ first to
third days after birth. The 0.5-cm anterior walls of both the proximal
and distal segments apart from the obstructed site were collected as
samples. Age-matched duodenal samples of controls were obtained
from 2 patients without gastrointestinal disease at an autopsy
(congenital diaphragmatic hernia). The number of control material
samples was insufficient because of the difficulty in obtaining
normal controls for the present study. Formalin-fixed, paraffin-
embedded tissues were cut into 4-pm-thick slices and were pro-
cessed for immunohistochemistry.

Immunohistochemistry

Duodenal specimen slices were stained with hematoxylin
and eosin to evaluate the presence of the submucosal and myenteric
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plexus and the smooth muscle layer before performing immuno-
histochemical staining.

All of the specimens were immunohistochemically stained
using the standard avidin-biotin complex method. The primary
antibodies were a polyclonal antibody to S-100 protein (code no.
422091 Nichirei Co Ltd, Tokyo, Japan) as a general neuronal
marker and an antibody to c-kit protein (CD-117, diluted 1:100;
DakoCytomation, Carpinteria, CA) as a marker of ICC, and a
monoclonal antibody to a-smooth muscle actin (a-SMA, clone
IA4, diluted 1:200; Sigma Immunochemicals, St Louis, MO) as a
general muscle marker (Table 1).

In brief, after deparaffinization in xylene and dehydration in
100% alcohol, slides were treated with 3% H,0O, in methanol to
block endogenous peroxidase activity. For antigen retrieval, the
slides were subjected to 10 minutes of microwave treatment in citric
acid buffer (pH 6.0). After cooling to room temperature, the slides
were incubated with an undiluted blocking solution (Histofine,
SAB-PO [MULTI] Kit; Nichirei) containing goat serum albumin.
After rinsing with phosphate-buffered saline (PBS), the slides were
incubated with a primary antibody (Table 1). The slides were rinsed
twice with PBS and incubated for 10 minutes with an undiluted
biotinylated secondary antibody (Histofine). Slides were then rinsed
again twice with PBS followed by incubation for 10 minutes with
undiluted peroxidase-conjugated streptavidin (Histofine). In all of
the duodenal specimens stained, peroxidase was detected by dia-
minobenzidine tetrahydrochloride (Histofine, DAB Kit, Nichirei)
with purified water for 5 minutes. Finally, the slides were rinsed
with running tap water and counterstained with hematoxylin,
dehydrated through a graded alcohol series, and washed with
xylene.

Evaluation and Analysis

The morphologic differences were evaluated among the
proximal and distal segments of the obstructed sites of DA samples
and compared with those of the controls. In addition, the differences
between the segments were quantitatively presented. For quanti-
tative evaluation, all of the sections were photographed using light
microscopy using 4x, 10x, 20x, and 40x magnifications. The
quantification of the immunoreactivities of c-kit were evaluated
from each slide by measuring the length of the c-kit-positive area,
and the immunoreactivities of S-100 were evaluated from each slice
by measuring the length of each stained ganglion or plexus. The
a-SMA antibody immunoreactivities were quantified by measuring
the thickness of the longitudinal muscle layer, the circular muscle
layer, and the muscularis mucosae in 3 different locations. The
mean values of the 3 area measurements are presented in Results.
All of the measurements were taken using the ImagelJ version 1.43s
software program (National Institutes of Health, Bethesda, MD) in
an area 4080 x 3072 pixels wide, and then were converted to
micrometers according. to each magnification. The differences

between the c-kit-positive area, the length of the neuronal cells,
and the width of the mucosal muscle layers of the proximal and
distal segments were compared using the Student ¢ test. Differences
between the width of the circular muscle layer and the longitudinal
muscle layer of the proximal and distal segments were compared
using the Mann-Whitney U test. P < 0.05 were considered to be
statistically significant. All of the statistical analyses were per-
formed with the SPSS statistical software program (SPSS Inc,
Chicago, IL).

RESULTS

The present study included 9 patients with type Il and
3 patients with type I DA. All of the patients had been antenatally
diagnosed as having DA during the prenatal period; therefore, all of
the patients were treated in our department after the immediate
diagnosis for the confirmation of DA following birth. In all of the
patients, a longitudinal incision and a transverse duodenoduode-
nostomy (diamond-shape anastomosis) or membranous resection
was performed 1 to 3 days after birth.

S-100 Protein Staining

In the control samples, immunoreactivity to S-100 antibody
was observed in the myenteric, submucosal plexuses, and nerve
fibers distributed throughout the entire bowel wall layers. Auerbach
plexus between the circular and longitudinal muscle layers was
clearly labeled by S-100 protein immunostaining. Several positive
fibers were also detected in the muscularis mucosae and in the villus
of the lamina propria (data not shown). In the proximal segment of
the obstructed sites in the cases with DA, an abnormal nervous
distribution  showing  S-100-positive immunoreactivity was
observed (Fig. 1A, B). In the myenteric plexus, the number and
size of the S-100-positive plexus were smaller than those in the
distal segments and the controls. In addition, a small number of
ganglion cells were also observed. The ganglion cells were small
and immature compared with those of the distal segments and the
controls. Nerve fibers observed between the circular and the
longitudinal musculature not only were fewer in number but also
were composed of smaller fibers. The size and length of the
ganglionic cells were also smaller than those of the distal segments
and the controls, especially in the area where hypertrophic muscu-
lature was observed (Fig. 1A, B). In contrast, the nervous distri-
bution of the distal segment of obstructed site was undistinguishable
from those of controls (Fig. 1C, D). Quantitative analyses showed a
significantly shorter ganglion length and plexus of the proximal
segments than was observed in the distal segments of the obstructed
site (proximal 203.43 = 103.49 pm, distal 297.67 £ 136.58 pm,
P=0.002, Table 2). There was no significant difference in the
length of the ganglion and myenteric plexus between the distal
segments of the obstructed site and control tissues (P =0.134).

TABLE 1. Antibodies used to evaluate the nervous system, ICC, and smooth muscle layers

Antibody Code no./clone no. Species Dilution Manufacturer Marker
S-100 422091 Rabbit polyclonal 5ug/mL  Nichirei Co Ltd, Tokyo, Japan Ganglion cells and
nerve fiber
a-Smooth 1A4 Mouse monoclonal 1:200 Sigma Immunochemicals, Smooth muscle cells
muscle actin St Louis, MO
c-kit CD-117 Rabbit polyclonal 1:100 DakoCytomation, Carpinteria, CA  ICC

ICC == interstitial cells of Cajal.
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FIGURE 1. The duodenum shows the distribution of S-100
immunoreactive nerve cells and nerve fibers (original magni-
fication 10x, 20x). A, B, The proximal segment of obstructed
site of patients with duodenal atresia. The myenteric plexus
(MP) was markedly reduced in size and distribution and also
contained hypoplastic cells. C, D, The segment distal to the
obstructed site in a sample of patients with duodenal atresia.
The distribution pattern of the positive nerve cell end fibers is
nearly identical to the control samples. CM = circular muscu-
lature; LM = longitudinal musculature.

«-SMA Staining

In the control samples, a homogenous immunoreactivity to
the a-SMA antibody was observed in all of the muscle layers: the
muscularis mucosae, circular muscle layer, and the longitudinal
muscle layers (data not shown). In the proximal segment of the
obstructed site in samples of patients with DA, a moderately to
severely hypertrophic area was observed in the circular and longi-
tudinal muscle layers, particularly in the circular muscle layers,
compared with those of the distal segments or the controls (Fig. 2A,
B, C). The innermost layer of the circular muscle layer in the
proximal segments was also thinner and was nearly undetectable in
some sections, compared with those in the distal segments or the
controls. In addition, in all of the patients, unusual ectopic muscle
bundles were found around the submucosal connective tissue near
the innermost layer of the circular muscle layers (Fig. 2B). These
smooth muscle bundles originated from the muscle bundle in the

thin innermost circular muscle layer. In addition, the muscularis
mucosae were also found to be hypertrophic (Fig. 2C). In contrast,
in the distal segments of the obstructed site in DA, the staining
pattern of a-SMA antibody was similar to that observed in the
control samples (Fig. 2D, E, F). There was no significant difference
in quantitative analyses of the thickness of the circular muscle
layers, the longitudinal muscle layers, and the muscularis mucosae
between the distal segments of obstructed sites and control tissues
(P=0.646, P=598, and P=0.395, respectively). In contrast,
quantitative analyses revealed a significant difference in the thick-
ness of the muscularis mucosae of the proximal segments compared
with the distal segments of the obstructed site (proximal
36.46 +13.51 wm, distal 12.52 +£6.06 um, P <0.001, Table 2).
Quantitative analyses also revealed a significant difference between
the circular muscle layers of the proximal and distal segments of the
obstructed site (proximal 492.91 pm [range 263.19-733.16 um],
distal 164.94 pm [range 135.61-199.37 um], P < 0.001, Table 2).
There was also a significant difference between the proximal and
distal segments of the longitudinal muscle layers (proximal
317.64 um [range 110.73-369.18 pm], distal 96.28 um [range
73.83-121.20 pm], P < 0.001, Table 2).

C-kit Staining

In the control samples, c-kit-positive cells were observed
between the intermuscular space of the circular and longitudinal
muscle layers, particularly around Auerbach plexus (data not
shown). A small number of positive cells also were localized to
the circular and longitudinal muscle layers and in the innermost
layer of the circular muscle layers. In the proximal segment, the
number of c-kit-positive cells was markedly decreased (Fig. 3A, B).
Moreover, in some samples, the ICC were barely detectable, even
around the myenteric plexus. The positive cells were bipolar in shape.
Macrophage-like cells positive for c-kit staining were also observed
within the muscularis propria and the submucosal area. Unlike the
proximal segments, the distribution pattern and c-kit immunoreac-
tivity in the ICC of the segment distal to the obstructed site were
similar to those of the control samples (Fig. 3C, D; P =0.133). These
cells formed a network with cell-cell contacts and their shape was
multipolar. The quantitative analyses revealed a significantly smaller
c-kit-positive area in the proximal segments compared with the distal
segments of the obstructed site (proximal 933.45 pm*mm? [range
297.87-3149.62 pm*mm?], distal 12006.42 pm%mm®  [range
2473.79-22458.1 wm*mm?], P < 0.001, Table 2).

DISCUSSION
As a part of the normal growth process in the embryo from
the fourth to the seventh week of gestation (embryo length 8.6-
14.5 mm), the epithelial cells of the duodenum begin to proliferate

TABLE 2. Imunoreactivity comparison of the c-kit protein, S-100 protein, and a-smooth muscle actin antibody staining in the
proximal and distal segments of obstructed site in samples of patients with duodenal atresia

Proximal to obstructed site

Nervous system (length/field)
Circular muscles layers thickness
Longitudinal muscle layers thickness
Muscularis mucosae thickness

ICC positive area, wm?*/mm?

203.43 wm (103.49)

36.46 pm (13.51)
933.45 wm¥mm?
(297.87-3149.62)

492.91 pm (263.19-733.16)
317.64 pm (110.73-369.18)

Distal to obstructed site P Normal control
297.67 wm (136.58) 0.002  373.27 pm (143.09)
164.94 pm (135.61-199.37)  <0.001 158.91 pm (34.07)
96.28 um (73.83-121.20)  <0.001 106.54 pm (13.34)

12.52 pm (6.06) <0.001 14.92 wm (2.89)
12,006.42 pm*mm? <0.001  20,717.36 um*mm?

(2473.79-22,458.1) (5925.64)

Data are presented as mean (SD); median (25%-75%). ICC = interstitial cells of Cajal; SD = standard deviation.
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FIGURE 2. The duodenum shows the distribution of immu-
noreactivity to a-smooth muscle actin antibody (original
magnification 4x and 20x). A, B, C, The segment proximal
to the obstructed site in a sample of patients with duodenal
atresia. The circular musculature (CM) is moderately to
severely hypertrophic. Unusual muscle bundles (UMB) with
an oblique configuration were observed in the submucosal
area, and the muscularis mucosae (MM) were hypertrophic.
D, E, F, The distal segment of the obstructed site in a sample
of patients with duodenal atresia. The lamina propria, the
MM, the innermost layer of circular musculature (IM), and
the longitudinal musculature (LM) are immunolabeled for
a-smooth muscle actin antibody and are similar to those of
the controls.

and completely plug the lumen (solid phase). Therefore, between
the 15- and 65-mm stages (from the end of the 7th week to the 12th
week of gestation), a process of vacuolization, coalescence of
vacuoles, and recanalization occurs. DAs, stenosis, and intraluminal
webs are believed to be caused by insults resulting in recanalization
failure during the lengthening and rotation of the primitive foregut.
A resultant obstruction is then believed to cause the dilatation in the
proximal duodenum (20-22).

Using histochemical techniques, we have herein provided the
first study of the potential differences in abnormalities of the
smooth muscle, nervous system, and ICC between the segments
proximal and distal to the obstructed site in samples from patients
with DA. These 3 enteric components, which are involved in
peristaltic activity, were immunohistochemically analyzed.

Although the etiology of DA is not the same as that in other
[As, the morphologic changes of the intestine in DA are thought to
be similar. The morphologic change of the proximal segment seems
to depend on the postobstructive dilatation during the fetal period.
Similarly, in other forms of 1A, morphologic change in the proximal
segments also depends on the change after the formation of the
obstruction.

In an experimental model of 1A, several studies showed that
the dilatation of the proximal segment induces the involution and
lysis of the ganglion cells after initial hyperplasia of the myenteric

www.jpgn.org

FIGURE 3. The duodenum showed the distribution of immu-
noreactivity to c-kit antibody (original magnification 10x and
20x). A, B, The proximal segment of the obstructed site in a
sample of patients with duodenal atresia. There were few or no
positive cells around the myenteric plexus (MP). C, D, The
distal segment of the obstructed site in a sample of patients
with duodenal atresia. Numerous positive cells were located
around the MP, and a few positive cells were also distributed in
the intermuscular space of the circular musculature (CM).
LM = longitudinal musculature; ICC=interstitial cells of
Cajal.

ganglia has occurred and irreversible distension continues to
develop (23). Another possible cause of nerve alteration could
be ischemic influence during fetal life through vascular disruption
as shown in 1A models (19,23). In the present study, we observed
that in the area in which muscular layers are severely dilated, the
distribution of ganglion and plexus is also less than that of the area
with moderately dilated muscular layers. This finding supported a
previous 1A study (19), which observed marked abnormal neuronal
changes in the distended proximal segments. In contrast, the
neuronal distribution in the distal segment was close to normal
in these studies, as in our study of human DA. The influence of
muscular distention on the neuronal cell alteration is also shown in
our previous case report of A (24). In this case report, an improve-
ment in numbers of neuronal cells and fiber distribution between
primary operation of 1A at 2 days after birth and second operation
for the reconstruction of the dilated proximal segment at 6 months
of age was observed (24). These abnormalities are probably a
result of the developmental delay in the nervous system or of
the dilatation of the proximal segment in DA, as mentioned in
IA studies, which also found an alteration of enteric nerves in a
severely dilated area of the proximal segment (11).

When examining smooth muscle morphology in the present
study, we observed that the muscle layers in the proximal segments
of the obstructed site are moderately to severely hypertrophic,
unlike in the distal segments, which are indistinguishable from
those of the control samples. This muscular hypertrophy has been
well documented and results from a compensatory process follow-
ing obstruction during the prenatal period, and it is localized
exclusively to the circular musculature of the distended proximal
intestinal segment (23,25,26). As mentioned in the literature,
dysmotility of the intestine is often encountered in a severely
dilated muscle of the segment proximal to the obstructed site.
To prevent recurrence of the dilated segment, the markedly dilated
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duodenum must be completely reconstructed surgically. Even after
reconstruction surgery, however, a proximal segment consisting of
a hypertrophic area remains because of the difficulty in visualizing
the healthy area and minimizing the resected segment. Previous
investigators have shown that the contractile pressure in the dilated
proximal intestine of an 1A model is lower than that in normal
intestines. Moreover, physiologic studies of humans and animal
models of 1A have also shown a decrease in the motor activity in
both the proximal and distal segments. These studies suggest that
low contractile pressure was involved in the postoperative dysmo-
tility (17). In addition, the existence of unusual muscle bundles,
which have an oblique configuration, likely contributes to the
disturbed bowel rhythms. Similar findings have been described
in our previous study of cases with IA (17). Therefore, the existence
of both hypertrophy of the circular muscle layers and unusual
muscle bundles in the submucosal layers likely contributes to the
development of motility disorders later in life, even after a success-
ful initial operation. Additional procedures, such as intestinal
plication or tapering the dilated intestine, are sometimes needed
to produce efficient peristalsis of the proximal intestines.

Of particular interest with regard to the occurrence of
unusual muscle bundles, our previous study of human 1A showed
that the smooth muscle bundles which emerged from the innermost
layer of the circular musculature could be of either an oblique or
vertical orientation to the long axis of the intestines, stretching
toward mucosae, forming a coarse, irregular meshwork in the
submucosa (17). Based on the chronologic view of our previous
study of myogenesis in chick embryos, it is supposed that these
muscle bundles may be a remnant of early developmental stages
during the formation of the muscularis mucosae (27). Another study
also proposed that a possible explanation for this phenomenon is
that the ectopic muscle bundles are a secondary reaction of muscle
cells to the chronic and progressive dilatation of the proximal
segments. Moreover, these bundles also could indicate a secondary
regressive reaction, which the proliferating reaction of regressive
smooth muscle cells undergo when they first emerge in the inner
layer of the circular muscle layer; thereafter, these smooth muscle
cells protrude from the inner layer of the circular muscle layer to the
layer of muscularis mucosae, according to the rules of normal
development. The real causality regarding the development of
ectopic muscle bundles in the proximal segment of the DA remains
unclear, and the proposed reasons are based mostly on experimental
IA, which is probably not appropriate for DA because of differences
in the underlying etiology (27,28).

The small intestine exhibits rhythmic and phasic contractions
that form the basis for propagating and segmental contraction.
These rhythmic and phasic contractions are generated by the
ICC surrounding the myenteric plexus (ICC-MY) between the
longitudinal and circular muscular layers and the ICC lining
the septa separating the CM bundles (ICC-SEP). Each ICC-MY
and ICC-SEP generate a spontancous clectrical slow-wave pace-
maker activity that is actively propagated through the ICC network,
in addition to regulating smooth muscle membrane potential and
mediating enteric neurotransmission. The loss or abnormalities of
ICC have been described in a variety of human motility disorders,
including hypoganglionosis, Hirschsprung disease, and jejunal and
ileal atresia but not in DA (29-31). A reduction in the distribution
of pacemaking cells has also been reported in a dilated colon of
2 neonates with atresia of the colon (32). In the present study, we
observed that the proximal segments of the obstructed site showed
not only a decreased immunoreactivity to c-kit protein but also a
markedly reduction in the number of ICC. The distribution of ICC
also showed a discrete distribution without connection of ICC cells
and a bipolar shape. This finding may be associated with the
reduction of pacemaker activity and enteric neurotransmission,
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thus resulting in hypoperistalsis of the proximal segments. Several
physiologic studies also showed that peristalsis and spontaneous
contraction were disturbed in the proximal segments. Therefore, the
abnormality of ICC in the proximal segments may lead to post-
operative dysmotility in DA.

In the present study, abnormalities of the enteric nerves,
smooth muscle cells, and ICC were predominantly observed in the
proximal segments. It has been pointed out that a tight connection
existed between the ICC, enteric nervous system, and the smooth
muscle to produce a synchronized and sustainable contraction of the
duodenum (30). Therefore, the observed abnormalities in these 3
enteric components of the proximal duodenum suggest that duo-
denal motility disorders may occur later in postnatal life.
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Abstract

Background Posterolateral or standard axillar incisions
for the pediatric thoracic surgery are occasionally associ-
ated with poor motor as well as cosmetic results, including
chest deformities and large surgical scars. A muscle spar-
ing axillar skin crease incision (MSASCI) was initially
proposed by Bianchi et al. (in J Pediatr Surg
33:1798-1800, 1998) followed by Kalman and Verebely
(in Bur J Pediatr Surg 12:226-229, 2002) resulting in sat-
isfactory cosmetics. However, they performed operations
through the third or fourth intercostals space (ICS), there-
fore the target organs were restricted in the upper two-
thirds of the thoracic cavity.

Patients and methods Thoracic surgeries were performed
using MSASCT in 27 patients (1-day to 9-year old). There
were ten patients with esophageal atresia, seven with
congenital cystic adenomatoid malformation, five with
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pulmonary sequestration, two with mediastinal neuroblas-
toma, two with right diaphragmatic hernia, and one with
pulmonary hypertension. A thoracotomy was performed
through the appropriate ICS (from third to eighth).
Results In all patients, the expected procedures, including
pulmonary lower lobectomy, were successfully performed
by MSASCI throughout the thoracic cavity. A good oper-
ational field was easily obtained in neonates and infants.
Most of the patients achieved excellent motor and aesthetic
outcomes.

Conclusions MSASCI may become the standard approach
for the thoracic surgery for small children.

Keywords Axillar skin crease - Thoracotomy -
Pulmonary lobectomy - Neonate - Infant

Introduction

Advances in antenatal diagnosis, surgical technique and
perioperative care have improved survival rate for neonatal
surgical diseases. The mortality rate has become less than
10% [1]. It is now important to consider the long-term good
“quality of life” (QOL) in neonatal surgical disease.
Therefore, surgeons have sought to establish procedures
that leave no scars, using the natural skin crease such as
axillar crease and umbilical crease [2-4].

Posterolateral or standard axillar incisions for the pedi-
atric thoracic surgery sometimes cause poor functional as
well as cosmetic results, including chest deformities (sco-
liosis, shoulder deformity, and winged scapula) and large
surgical scars. Muscle sparing axillar skin crease incision
(MSASCI) was initially proposed for neonates by Bianchi
et al. [5] in 1998, and then Kalman and Verebely [6]
extended this approach for children in 2002, thus resulting
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in a good postoperative cosmetic results. However, they
performed surgery through the third or fourth intercostals
space (ICS), therefore the performed operations were
restricted in the upper two-thirds of the thoracic cavity.

Patients and methods

Thoracic surgeries were performed using MSASCI in 27
patients (1-day to 9-year old) from December 2006 to
February 2011. There were ten patients with esophageal
atresia, seven with congenital cystic adenomatoid malfor-
mation, five with pulmonary sequestration, two with
mediastinal neuroblastoma, two with right diaphragmatic
hernia, and one with pulmonary hypertension. The per-
formed operations were 10 primary esophageal anastomo-
ses, 12 pulmonary lobectomies (including lower
lobectomies) or partial resections, 2 subtotal neuroblastoma
resections, | diaphragmatic repair, 1 pulmonary biopsy,
and 1 exploratory thoracotomy.

This study was performed, according to the Ethical
Guidelines for Clinical Research published by the Ministry
of Health, Labor, and Welfare of Japan on 30 July 2003
and complies with the Helsinki Declaration of 1975
(revised 1983). Regarding this retrospective study, properly
informed consent was obtained from the parents.

The patient was placed in the lateral position. The
uppermost arm was extended to about 130°, drawn for-
ward, and placed on an arm-rest. A pulse-oxymeter was
applied on hand of the extended arm.

A skin incision was made just on the axillar skin crease,
and the pectoralis major and latissimus dorsi muscles were
retracted superiorly and medially, respectively. Either of
these muscles could be partially incised in case. The inci-
sion was deepened and the axillary fat pad and lymph
nodes were pushed upward. The long thoracic nerve was
preserved in the posterior part of the wound (Fig. 1). The
anterior serratus muscle was split along its fibers just on the
targeted costa. The thoracic cavity was entered through the
appropriate ICS. The peripheral pulse was monitored by
the pulse-oxymeter of the extended arm avoid a circulatory
failure of the arm.

Thoracotomy for esophageal atresia was performed
through the fourth ICS and the upper and lower esophagus
was exposed via an extrapleural approach. After cutting
The azygos vein was cut and the Tracheoesophageal fistula
(TEF) was closed by 5-0 polydioxanon (PDS) transfixing
sutures and cut. Esophageal end-to-end anastomosis was
performed with one layer stitch sutures. Both lateral sides
were approximated using 5-0 PDS, and a transanastomotic
tube was inserted from the nose to the stomach through the
anastomosis. The anterior and the posterior aspects were
sutured with 6-0 PDS in stitch.
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One-lung ventilation was attempted in order to obtain
adequate operational field for pulmonary lower lobectomy
[7]. Briefly, bronchial blockade with a 4Fr or 5Fr Fogarty
embolectomy catheter was attempted in each case. Chil-
dren were initially intubated with a Fogarty embolectomy
catheter under direct laryngoscopy. Then, immediately, an
endotracheal tube was placed alongside the catheter in the
trachea. After securing the tube, a pediatric fiberoptic
bronchoscope (2.2 mm in diameter) was passed through to
set a Fogarty embolectomy catheter to the mainstem
bronchus. And then, bronchial blockade was performed
with its balloon inflated with an appropriate volume of
normal saline. Thoracotomy was done through the fifth or
sixth ICS, and then the lung was deflated. The pulmonary
arteries were ligated and cut and then the bronchus was cut
and closed with 5-0 PDS sutures. Finally, the pulmonary
vein was doubly ligated and cut, and the pulmonary liga-
ment was dissected.

One-lung ventilation was also performed for the pul-
monary sequestration. Thoracotomy was performed via the
seventh or eighth ICS in order to approach the abnormal
artery in pulmonary ligament at first. One-lung ventilation
allowed lower lobe to be easily lifted for the dissection of
pulmonary ligament and the ligation of abnormal artery.
This abnormal artery was ligated, before ligation of pul-
monary vein in order to avoid lung volume expansion.

A rolled vicryl sheet was inserted between the costa
during thoracic closure, in order to avoid bony adhesion in
some cases. Both the thoracic and subcutaneous tubes were
inserted through both ends of wound; therefore, no addi-
tional wounds were necessary for tubes.

Results

Thoracotomy was successfully done through from the third
and eighth ICS using MSASCIL. All of the expected pro-
cedures, including pulmonary lower lobectomies, were
able to be performed adequately. A good operational field
was easily obtained in neonates and infants in comparison
to that in elder children. The incision was extended cau-
dally, about 1 cm in only one infant with pulmonary
sequestration. Two patients died due to the severe cardio-
pulmonary anomalies, and one patient with right dia-
phragmatic hernia showed recurrence and required reop-
eration using an abdominal approach. The other patient
with a right diaphragmatic hernia showed no right lung;
therefore, no procedure was performed (exploratory
thoracotomy).

Surgical complications included wound disruption in the
four cases and transient arm paralysis in the two cases. The
wound disruptions were treated by vacuum therapy and
healed about I week, and the transient arm paralysis
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Fig. 1 Operation schema for
MSASCIL. M.LD lattismus
dorssi muscle, N.TL long
thoracic nerve, M.PM pectoralis
major muscle, M.SA serratus
anterior muscle, The numbers

. are labeling in the individual
ribs.

Axillar skin crease incision

recovered spontaneously in a few weeks. All of the patients  a year (Figs. 2, 3). So far, there have been no patients
showed uneventful postoperative course and achieved  showing thoracic deformity, in a relatively short-term fol-
excellent motor and aesthetic outcomes after | month. The  low-up (no more than 4 years). The outcome of each
surgical scar was almost hidden by the axillar skin crease in ~ patient is shown in Table 1.

(Skin incision) | (Lt. pper lobectomy) (6 months after operation)
The 5t ICS

Fig. 2 Pre, intra, and postoperative appearance of Case 15. Congen- performed through the fifth ICS at 1-month old. Right operative
ital cystic adenomatoid malformation in Lt. upper lobe. Left skin wound was almost hidden 6 months after operation
incision on the axillar crease. Middle Lt. upper lobectomy of lung was
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(Skin incision)

(Rt. Lower lobectomy)

(8 months after operation)

The 6t 1CS

Fig. 3 Pre, intra, and post operative appearance of Case 17.
Intralober lung pulmonary sequestration in Rt. lower lobe. Left skin
incision on the axillar crease. Middle Rt. lower lobectomy of lung was

Discussion

Axillary skin crease incision for thoracic surgery was ini-
tially reported by Atkinson as “peraxillary approach” for
dissection of the upper thoracic and stellate ganglia through
the second ICS in adult in 1949 [8]. Bianchi et al. [5]
reported using “high axillary skin crease, muscle-sparing
to right lateral thoracotomy” for children in 1998. They
operated on 29 neonates including 27 esophageal atresia
and two patent ductus arteriosus (PDA) through the third or
fourth ICS. Kalman and Verebely [6] also reported this
approach as “axillary skin crease incision” for thoracot-
omy of neonates and children in 2002. They performed 17
operations in neonates (8 esophageal atresia, 8 PDA, 1
CCAM) and 9 operations in children (3 neuroblastoma, 1
teratoma, 5 pulmonary operations including lobectomies)
through the third or fourth ICS. The oldest patient of this
report was a 15-year-old girl with a large teratoma from the
anterior mediastinum. They performed five pulmonary
operations including one biopsy for histiocytosis, one
marsupialization of an inflammatory cyst, one cystectomy
of a congenital cyst and two pulmonary resections for
bronchiectasia (one S2-3-4 trisegmentectomy on the left
side and one middle lobe lobectomy). They concluded that
it ensured unrestricted access to the upper two-thirds of the
thoracic cavity through the third or fourth ICS. They did
not perform any pulmonary lower lobectomies.

These reports indicate that the term MSASCI is appro-
priate. The approach was extended downward up to the
eighth ICS in the current series to perform the expected
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performed through the sixth ICS at 3-month old. Right operative
wound was almost hidden 8 months after operation

procedures in all cases, including pulmonary lower lobec-
tomy and intralobular pulmonary sequestration. This
technique is feasible for almost all kinds of pediatric tho-
racic surgery from third to eighth ICS. The appropriate ICS
for thoracotomy depends on the target organ. For example,
the fourth ICS is used for esophageal atresia, the fifth ICS
is for standard pulmonary lobectomy, and the seventh or
eighth ICS for pulmonary sequestration. We experienced
technical difficulties in patch closure of right diaphrag-
matic hernia in one case. The medial margin of diaphrag-
matic defect was difficult to be exposed for suturing,
because liver and intestine interfered to the operation field.
Right diaphragmatic hernia might not be indication for
MSASCI from our restricted experience.

There were initially several complications, such as
wound disruption and transient arm paralysis. In 18 out of
the 27 patient, thoracotomy was performed below the
fourth ICS. The wound disruption occurred in four cases
(Cases 5, 7, 9 and 26). These four were operated through
fifth, fourth, sixth, and fifth ICS, respectively. Three out of
four cases underwent thoracotomy below the fourth ICS.
Therefore, downward hyperextension of skin by metal
retractor may cause wound disruption. In addition, the case
five was extremely premature infant and the modified
gestational age at operation was 40 weeks. Cases 7, 9 and
26 were operated in their neonatal period. And the three out
of these four cases showed cyanosis in perioperative period
due to their congenital heart disease and the subsequent
pulmonary hypertension. Therefore, hyperextension of the
skin as well as vulnerable factors of each child may cause
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Table 1 Summary of 27 pediatric patients performed thoracotomies with MSASCI
Case Sex Diagnosis Type or site Age at op. Operation Intercostal Complication Prognosis
space
| M EA Gross type A 1 year 3 month Esophageal EEA Rt. 4th Minor leakage Alive
intercostal
2 F EA Gross type C 2 days Esophageal EEA Rt. 4th Stenosis Alive
intercostal
3 M EA, AA, TAC  Gross type C 1 day Esophageal EEA Rt. 4th None Alive
intercostal
4 F EA Gross type C 2 days Esophageal EEA Rt. 4th None Alive
intercostal
5 F EA, ELBWIPA  Gross type C 3 months Esophageal EEA Rt. 5th TEF recurrence wound Died”
stenosis intercostal disruption
6 F EA Gross type D 1 day Esophageal EEA Rt. 4th None Alive
intercostal
7 M EA, TA Gross type D 1 day Esophageal EEA Rt. 4th Wound disruption transient Died®
intercostal paralysis
8 F EA Gross type C 1 day Esophageal EEA Rt. 5th Stenosis Alive
intercostal
9 F EA Gross type C 1 day Esophageal EEA Rt. 6th Wound disruption Alive
intercostal
10 F EA Gross type C 1 day Esophageal EEA Rt. 4th None Alive
intercostal
11 M  CCAM Rt. middle 8 months Partial resection Rt. 5th None Alive
lobe intercostal
12 M LPS Rt. lower lobe 4 days LPS resection Rt. 5th None Alive
intercostal
13 F CCAM Lt. upper lobe 1 month Partial resection Lt. 5th None Alive
intercostal
14 F LPS Lt. lower lobe 8 months LPS resection Lt. 8th None Alive
intercostal
15 M CCAM Lt. upper lobe 1 month Lt. upper lobectomy Lt. 5th Pneumothorax Alive
intercostal
i6 F CCAM Lt lower lobe 4 months Lt. lower lobectomy Lt. 5th None Alive
intercostal
17 M LPS Rt. lower lobe 3 months Rt. lower lobectomy Rt. 6th None Alive
intercostal
18 F CTA with LPS  Lt. lower lobe 4 months Rt. lower lobectomy Rt. 6th Transient paralysis Alive
intercostal
19 M CCAM Lt lower lobe 3 months Lt. lower lobectomy Lt. 6th None Alive
intercostal
20 M CCAM Rt. lower lobe 4 months Rt. lower lobectomy Rt. 5th None Alive
intercostal
21 M LPS Lt lower lobe 7 months LPS resection Lt. 7th None Alive
intercostal
22 F CCAM Rt. lower lobe 4 months Rt. lower lobectomy Lt. 5th None Alive
intercostal
23 M Mediastinal NB Lt upper lobe 6 years 1 month  Subtotal excision Lt. 4th None Alive
intercostal
24 F Mediastinal NB Lt. upper lobe 9 years 4 months  Subtotal excision Lt. 3th None Alive
Intercostal
25 M Pulmonary HT Lt upper lobe 5 years Biopsy Lt. 6th None Alive
11 months intercostal
26 M Rt. CDH 5 days Repair Rt. 5th Wound disruption CDH Alive
intercostal recurrence
27 F Rt. CDH 5 days Exploratory Rt. 7th None Alive
Rt lung thoracotomy intercostal
agenesis

EA esophageal atresia, AA anal atresia, TAC truncus arteriosus communis, ELBW extremely low birth weight infant, PA pulmonary artery, TA tricuspid atresia,
CCAM congenital cystic adenomatoid malformation, LPS lung pulmonary sequestration, CTA congenital tracheal atresia, NB neuroblastoma, CDH congenital
diaphragmatic hernia, HT hypertension, EEA end to end anastomosis, TEF tracheoesophageal fistula

¢ Incision was extended caudally about | cm

b ¢ Two patients died due to the severe cardio-pulmonary anomalies
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the wound disruption. In order to prevent this complication,
a wound retractor XS has been currently applied to protect
the surgical wound. This instrument can prohibit skin and
subcutaneous tissue damage during surgery. Postoperative
subcutaneous negative-pressure drainage is also an effec-
tive for avoiding or treating wound disruption.

The transient arm paralysis occurred in the case 7 and
18. They were operated through the fourth ICS and the
sixth ICS, respectively. Therefore, the transient paralysis is
not considered to be related to the level of thoracotomy.
Actually, there were no complications in the patients
operated from the seventh to eighth ICS. Currently, a
pulse-oxymeter has been applied, on the hand, of the
extended arm for monitoring peripheral blood pulse and
saturation of oxygen. During operation blood pulse and
saturation of oxygen has been kept in normal range. Since
then, no patient has experienced transient arm paralysis.
Therefore, transient arm paralysis is considered to be
vascular origin caused by the hyperextension of arm or the
hyperextension of wound.

The surgical field is relatively small; therefore, there are
a few technical methods in order to overcome this disad-
vantage. One-lung ventilation is required for pulmonary
lower lobectomy during the dissection of the pulmonary
ligament and pulmonary vein. Furthermore, one-lung
ventilation provides adequate operative field in ligation of
the abnormal artery during surgery of pulmonary seques-
tration. One-lung ventilation has been technically feasible
in infant, using Fogarty embolectomy catheter [7]. He-
moclips facilitate the ligation of pulmonary arteries. The
proximal site is ligated by 3-0 or 4-0 silk suture and the
distal site is closed by a hemoclip, to provide sufficient
distance for a safe cut. A long and fine-tip needle holder
and forceps are required for dissection of the TEF and
anastomosis of the esophagus in esophageal atresia. Fine
monofilament absorbable 5-0 or 6-0 PDS with the two
needles in both ends are useful for full thickness stitch
suture using an inside-to-outside and inside-to-outside
manner.
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In conclusions, MSASCI for pediatric thoracic surgery
resulted in excellent motor and aesthetic outcomes.
MSASCI may become the standard approach for thoracic
surgery for the small children, especially for neonates and
infants.
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