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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 Eur 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 MSASCI 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, 1 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.

@__ Springer

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 MSASCI. 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 1 week, and the transient arm paralysis
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Fig. 1 Operation schema for
MSASCI. M.LD lattismus
dorssi muscle, N.7L 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 1 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. Upper lobectomy) (6 months after operation)
The 5% 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 6™ 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

@ Springer

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
16 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. Jower 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 Tecurrence
27 F Rt. CDH 5 days Exploratory Rt. 7th None Alive
Rt. lune thoracotomy intercostal
- 1=
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 1 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.

@ Springer

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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Persistent pulmonary hypertension of the newborn in twin-twin
transfusion syndrome following fetoscopic laser surgery
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Objective: We investigated persistent pulmonary hypertension
of the newborn (PPHN) among monochorionic-diamniotic (MD)
twins. Methods: A retrospective cohort study examined MD twins
from 195 deliveries and 373 live-born neonates at our center.
Results: PPHN occurred in three cases (3/373: 0.8%), all of which
were recipients of twin-twin transfusion syndrome (TTTS), after
fetoscopic laser surgery (FLS) (3/117: 2.6%). Although the clinical
course of the three cases differed, all cardiothoracic area ratios
exceeded 40%, and other cardiac parameters also worsened
after FLS. Conclusions: The occurrence of PPHN in TTTS recipi-
ents should be noted, particularly when fetal cardiac function
declines following FLS.

Keywords: Cardiac enlargement, monochorionic-diamniotic twin,
persistent pulmonary hypertension of the newborn, recipient,
twin-twin transfusion syndrome

Introduction

Persistent pulmonary hypertension of the newborn (PPHN), pres-
ents as systemic cyanosis, due to right-to-left shunting in the patent
ductus arteriosus or patent foramen ovale, without structural
abnormalities. PPHN is observed in 0.19% of live-birth neonates
[1]. Most PPHN cases result from hypoxemia, hypothermia, hypo-
glycemia, and meconium aspiration. Early closure of the ductus
arteriosus, which increases pulmonary flow before birth, can also
cause PPHN [2]. Monochorionic-diamniotic (MD) twins share
one placenta; thus, a flow imbalance can easily occur between the
twins. The most unbalanced condition is twin-twin transfusion
syndrome (T'TTS), which occurs in 10% of MD twins. Although
an MD twin has a risk of PPHN derived from the circulating over-
flow, the association between MD twins and PPHN has been little
discussed. Here, we retrospectively reviewed MD twins at our center
and examined the correlation between MD twins and PPHN.

Methods

We reviewed the medical records of 195 MD twin pregnancies and
373 live-born neonates that were managed at our center between
April 2002 and March 2008. The inclusion criterion was the estab-
lishment of chorionicity on transvaginal ultrasound in the first
trimester. We routinely monitored the MD twins by a minimum of
biweekly fetal ultrasounds, by which we determined the estimated
fetal body weight, maximum vertical pocket, and cardiothoracic

area ratio (CTAR). CTAR was defined as the ratio of the cardiac
area to the thoracic area in the four-chamber view of the heart in
diastole. Less than 35% CTAR is normal regardless of gestational
age [3]. The grade of TTTS complied with Quintero staging [4].
Fetoscopic laser surgery (FLS) was performed in TTTS stages 1-4
at a gestational age of 16-26 weeks [4]. After FLS, we performed
fetal ultrasound weekly. Termination of pregnancy was based
on ordinary obstetric management. PPHN was documented by
severe hypoxemia necessitating inhaled nitric oxide (iNO), in
addition to right-to-left shunting at the level of the patent ductus
arteriosus and/or patent foramen ovale without structural heart
abnormalities, as noted using echocardiography. Cases of PPHN
were investigated in detail both prenatally and postnatally. A
small number of TTTS cases that involved FLS were transferred
to regional hospitals after the surgery; for these cases, we collected
perinatal information by documents and telephone.

Results

Of 195 deliveries and 373 neonates, 66 deliveries and 117 neonates
were derived from MD and TTTS, respectively. Of the 66 deliv-
eries with TTTS, FLS was performed in 49 cases (49/66: 74.2%).
Three cases of PPHN were observed (3/373: 0.8%), all of which
resulted from TTTS (3/117: 2.6%).

Case 1

A 38-year-old primigravida was referred to our center for TTTS
stage III. Reversed blood: flow in the ductus venosus was noted
in the recipient. Mild tricuspid valve regurgitation (TR) and
mild mitral valve regurgitation (MR) were also seen. FLS was
performed at 19 weeks plus 2 days. Amniotic fluid discordance
and reversed blood flow in the ductus venosus disappeared after
FLS. However, CTAR increased to 45% from 32 weeks of gesta-
tion onward; the cause of this increase was unknown (Table I).
Furthermore, ventricular wall hypertrophy appeared. Cesarean
section was performed at 36 weeks plus 1 day. The recipient
weighed 2,278 g. Apgar scores were 8 and 9 at 1 and 5 min, respec-
tively. The hemoglobin (Hb) value of the recipient was 15.6 g/dL.
Desaturation of the infant was observed on day one. Chest radi-
ography did not show respiratory distress syndrome or any other
lung diseases. Echocardiography revealed right-to-left ductal
shunting and moderate tricuspid regurgitation without structural
abnormalities. Under intermittent mandatory ventilation, iNO
(20 ppm), prostaglandin E1, and milrinone were administered.
Subsequently, oxygenation improved, and weaning off iNO was
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Table I. Changes in parameters after FLS.

Ventricular RVOT
MVP Fetal growth  hypertrophy CTAR TR MR obstruction  Reverse flow in DV
Case 1 Normal Good Mild (worsened) Enlarged up to Mild (no Mild (no None (no None (improved)
(improved) 45% change) change) change)
Case 2 Normal Good Severe (worsened)  Enlarged up to Severe Mild Present Present (worsened)
(improved) 43% (worsened) (worsened) (worsened)
Case 3 >80mm (no  Good Severe (worsened) Enlarged up to Mild (no Mild Present Present (no change)
change) 48% change) (worsened) (worsened)

CTAR, cardiothoracic area ratio; DV, ductus venosus; FLS, fetoscopic laser surgery; MR, mitral valve regurgitation; MVP, maximum vertical pocket; RVOT, right ventricular

outflow tract; TR, tricuspid valve regurgitation.

initiated on day five. Echocardiography showed a regression
of PPHN on the same day. Extubation was performed 19 days
after birth. The infant was discharged on day 44 and developed
uneventfully up to four years of age.

Case 2

A 29-year-old primigravida was referred to our center for TTTS
stage ITI. Mild TR and ventricular hypertrophy were noted in the
recipient before surgery. FLS was performed at 20 weeks plus 3
days. The donor died on postoperative day two (small occupied
area of the placenta). Subsequently, the quantity of amniotic fluid
and recipient well-being stabilized. However, cardiac enlarge-
ment of the recipient was noted as the pregnancy progressed,
although the cause was unknown (Table I). CTAR increased up
to 43%, and tricuspid regurgitation worsened. Eventually, right
ventricular outflow tract (RVOT) obstruction was observed.
Emergent cesarean section was performed at 33 weeks plus 3 days
because of the non-reassuring fetal status on a cardiotocogram.
The recipient twin weighed 2,484 g. Apgar scores were 7 and 8
at 1 and 5 min, respectively. The heart structure was normal, and
chest radiography revealed no abnormalities. RVOT obstruction
was not seen. The Hb value was 14.8 g/dL. However, mechanical
ventilation was needed on day one, because of severe hypoxia.
Echocardiography showed right-to-left shunting at the level of
the patent foramen ovale. After PPHN was diagnosed, iNO and
milrinone were administered. The PPHN symptoms subsequently
improved. However, a methicillin-resistant Staphylococcus aureus
infection worsened the patient’s condition from day eight onward,
and death occurred from sepsis on day thirteen.

Case 3

A 29-year-old primigravida was admitted to our center for TTTS.
The recipient was hydropic and at TTTS stage IV. Mild TR and
ventricular hypertrophy were seen. FLS was performed at 25 weeks
plus 6 days. However, hydrops and amniotic discordance did not
improve despite the surgery. Peak systolic velocity of the middle
cerebral artery did not increase in either twin. Cardiac function of
the recipient worsened gradually (Table I). RVOT obstruction also
appeared. Cesarean section was performed at 31 weeks plus 6 days
because of non-reassuring fetal status. The recipient—a severely
edematous male infant—weighed 2,864g. Apgar scores were 2
and 3 at 1 and 5min, respectively. He had severe birth asphyxia
requiring resuscitation. Massive desaturation was observed. The
Hb value of the recipient was 10.0g/dL at birth (donor: 13.6 g/
dL). RVOT obstruction was not observed postnatally. Chest X-ray
showed respiratory distress syndrome and a 63% increase in
cardiothoracic ratio. On echocardiography, the ejection fraction
was found to be 45%, with right-to-left shunting at the level of the
foramen ovale. Although respiratory distress syndrome and left
_cardiac failure improved within a week, PPHN persisted. In addi-
tion to iNO, prostaglandin I, and bosentan were administered.
The infant stabilized very slowly, and iNO was withdrawn at 51

days after birth. Extubation was performed at postnatal day 55. At
five months of age, the infant continues to receive home oxygen
therapy. One surviving placental arteriovenous anastomosis from
the recipient to the donor was noted on histologic examination. In
addition, an artery-artery anastomosis also persisted.

Discussion

In our study, infants with TTTS had a higher risk of PPHN,
compared with the general incidence of the condition. This
finding supports the only previous case series addressing the
association between TTTS and PPHN (Table IT) [5]. Interestingly,
each of our cases differed in terms of clinical course. One case
resulted in two survivors delivered at 36 weeks of gestation.
Another case had one survivor from a preterm birth. The final
case had prolonged TTTS associated with a residual communi-
cating vessel despite FLS.

However, the three cases had a few common characteristics. In
all three cases, PPHN occurred in the recipients of TTTS. The main
reason why PPHN occurs in the recipient may be a chronic increase
in circulating blood volume through placental anastomoses from
the donor. A previous report showed that an increase in circulating
blood volume in utero induces PPHN; in sheep, PPHN occurred
when pulmonary flow was increased using surgical placements
[6]. Also, the systemic circulating volume is known to be parallel
to the pulmonary circulating volume in utero [7]. Patients with
pulmonary hypertension have shown extension of muscle into
small pulmonary arteries. Alveolar ducts and wall arteries, which
are normally nonmuscular, have been found to be fully muscular-
ized in infants with pulmonary hypertension [8]. Extracellular
matrix deposition in the vessel wall increases simultaneously.
Subsequently, vessels become stiff with increased pulmonary
vascular resistance. Because of such remodeling, the alveoli cannot
expand appropriately, inducing severe hypoxia after birth.

In addition, in our study, all three cases of PPHN were related
to FLS. Notably, cardiac function did not improve after surgery
in any of the three cases. CTAR, which is the most easily assess-
able parameter of fetal cardiac function, increased after FLS
and exceeded 40% in all three cases. In addition, other cardiac
parameters, including TR, MR, and ventricular hypertrophy, also
worsened. Thus, cardiac dysfunction was associated with TTTS.
In TTTS, the cardiac function of the recipient in particular tends
to be affected. When cardiac function is severely impaired, RVOT
obstruction occurs, which can also induce PPHN. FLS drastically
changes the hemodynamic status of TTTS fetuses, and cardiac
function in the recipient improves within a few weeks in most
cases. However, the cardiac burden is prolonged for up to one
month after FLS in some cases [9]. Although it remains unknown,
why such variability in FLS response occurs, residual anastomoses
may be involved in this pathologic state. A few studies have demon-
strated that residual anastomoses were detected in about 30% of
lasered placentas [10]. The majority of residual anastomoses were
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Table II. PPHN cases associated with TTTS.
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TTTS Donor/ Delivery Birth Therapy iNO cessation Extubation
Case stage  Recipient FLS course (wk) weight (g) Sex Cardiac echo for PPHN (days) (days)  Prognosis
Delsing® 11 Recipient Good 28 1,122 M PDA(RL) iNO 2 Impossible Death at
(Case 1) 3wk
(sepsis)
Delsing® IV Recipient Good 33 1,820 F PDA(RL), TR iNO 2 4 Good
(Case 2)
Delsing® 111 Recipient Good 28 1,213 F PDA (RL) iNO 2 5 Good
(Case 3)
Delsing® 11 Donor Recipient IUFD 30 1,477 F PDA/PFO (RL) iNO 2 5 Good
(Case 4)
Case 1 I Recipient Decreased 36 2,278 F PDA (RL), TR  iNO, 13 19 Good
cardiac function milrinone
in recipient
Case 2 111 Recipient Donor IUFD, 33 2,474 M PFO (RL), TR iNO, Impossible Impossible Death at 2 w
decreased cardiac milrinone, (sepsis)
function in PGE,
recipient
Case 3 v Recipient Prolonged 31 2,864 M PFO (RL) iNO, PGL, 51 55 Home
TTTS bosentan oxygen

FLS, fetoscopic laser surgery; IUFD, intrauterine fetal death; iNO, inhaled nitric oxide; PDA, patent ductus arteriosus; PG, prostaglandin; PPHN, persistent pulmonary hypertension

of the newborn; TR, tricuspid regurgitation; TTTS, twin-twin transfusion syndrome.

very small and located near the placental margin. Further, 44%
of cases with residual anastomoses demonstrated a twin anemia-
polycythemia sequence (TAPS) [10]. An interesting finding of our
study is that cardiac function worsened after FLS in cases 1 and
2, although residual communication vessels were not detected
by ordinary histologic examination. However, considering the
discrepancy between cardiac dysfunction in FLS-treated TTTS
cases and such identifiable residual vessels [10], the cardiac
dysfunction in cases 1 and 2 in our study may have been due to
the existence of very small, difficult-to-identify anastomoses,
although these patients did not develop TAPS.

In cases of TTTS without FLS, urgent delivery would be needed
because of fetal distress, labor onset, or premature membrane
rupture. In other words, the condition of overload in pulmonary
vessels does not continue prenatally for a long period without FLS.

Our study had certain limitations. Laser surgery is available in
only a few hospitals in Japan. Therefore, the rate of TTTS was rela-
tively high in this report, compared to the actual incidence in the
general population. Also, we limited our report to severe PPHN
cases, such as those requiring iNO. Moreover, the diagnosis of
PPHN—including the criteria for oxygenation—is ambiguous. A
prospective study of PPHN after TTTS using proper PPHN diag-
nostic criteria would be desirable. FLS is a momentous procedure,
and its use is expected to become widespread in the future. The
occurrence of PPHN in TTTS recipients following FLS should be
noted, especially when cardiac function does not improve despite
surgery.
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Summary Thoracoamniotic shunting is the treatment of choice for management of the fetus with type 1
congenital pulmonary airway malformation. Thoracoamniotic shunting has been performed to reduce
life-threatening risks such as fetal hydrops. However, caution is needed because of possible
complications. Here, we report that thoracoamniotic shunting can cause histologic changes in the
cyst epithelia. In 5 of 8 patients treated prenatally with thoracoamniotic shunting, squarnous metaplasia
in the cyst epithelia was seen; whereas squamous metaplasia was not found in 6 patients who were not
treated with this procedure. Our results reveal that long-term exposure to the intrauterine environment

could possibly lead to the change in the nature of cyst epithelium and consequent squamous metaplasia.
© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Congenital pulmonary airway malformation (CPAM),
formerly known as cystic adenomatoid malformation, of the
lung is a rare lung disorder characterized by an increased
proliferation and cystic dilation of terminal respiratory
bronchioles [1-3]. Although the etiology of CPAM is not
clear, it has been suggested that it may be caused by a
maturation defect in bronchopulmonary development [4,5].

* Corresponding author. Department of Pathology, National Center for
Child Health and Development, Tokyo 157-8535, Japan.
E-mail address: matsuoka-k@ncchd.go.jp (K. Matsuoka).

0046-8177/$ — see front matter © 2012 Elsevier Inc. All rights reserved.
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It has been also shown that the presence of bronchial atresia
is strongly associated with CPAM, which supports this
concept [6].

Congenital pulmonary airway malformation (ie, cystic
adenomatoid malformation) was originally classified into 3
groups based on the relative size of the cysts [3]. Currently,
CPAM is classified into 5 types based on the presumed site
of development of the malformation. Among these 5 types,
type 1 CPAM is the most prevalent one, accounting for
approximately 60% to 70% of all CPAM lesions [2,3]. Type
1 CPAM consists of 1 or more air- or air/fluid-filled large
cysts. The cyst sizes range from 1 to 10 cm. These cysts are
often surrounded by underdeveloped alveolar parenchyma
and varying number of smaller cysts. Microscopically, the
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cysts are lined by epithelium that varies from a low cuboidal
epithelium to a ciliated pseudostratified columnar epithelium
[2,7]. The cyst walls also consist of connective tissue similar
to those of bronchi of the patient’s uninvolved lung.
Cartilage islands may be seen in some cases. It has been
reported that tufts of mucigenic cells exist on the surface on
large cysts or within the smaller bronchiolar-like structures
adjacent to the larger cysts in about 35% of type 1 CPAM
cases [2]. Past reports indicate that these cells are involved
with the occurrence of bronchioloalveolar carcinoma in both
older patients with type 1 CPAM and patients who have had
a type 1 CPAM removed in infancy [8-13].

Type | CPAM usually causes respiratory distress in the
newborn period. Thus, surgical removal of the involved
lobe is often required to prevent respiratory distress and
allow the other lobes to expand normally. Recent advances
in antenatal diagnosis and prenatal ultrasound have allowed
us to correctly diagnose and monitor fetuses with type 1
CPAM [14,15]. Fetal interventions are applied to fetuses
with life-threatening conditions such as hydrops fetalis or
polyhydramnios. Thoracoamniotic (TA) shunting is the
treatment of choice for management of the fetus with type 1
CPAM and involves shunt insertion under ultrasound
guidance [16-18]. Thoracoamniotic shunting has been
performed to reduce life-threatening risks such as poly-

hydramnios, mediastinal shift, and fetal hydrops [17-19].

However, caution is needed because of possible complica-
tions. It has been reported that displacement of the catheter
into the amniotic or thoracic cavity, catheter occlusion,
premature delivery, and fetal demise can occur [19]. Here,
we report that TA shunting can cause histologic changes in
the cyst epithelia. In 5 of 8 patients treated prenatally with
TA shunting, squamous metaplasia in the cyst epithelia was
seen;, whereas squamous metaplasia was not found in 6

patients who were not treated with TA shunting. These
findings suggest that TA shunting could change the nature
of the cyst epithelium as a consequence of long-term
exposure to the intrauterine environment. ‘ ”

2. Materials and methods

2.1, Indications for TA shunting in fetal CPAM type 1

In the Department of Maternal-Fetal and Neonatal
Medicine at the National Center for Child Health and

‘Development, Tokyo, Japan, the indications for TA shunting

in fetal CPAM type 1 include the following:

1. Macrocystlc CPAM with large cysts

2. CPAM volume ratio _greater than 1. 6 [20] or
hydrops fetalis

3. Before 34 weeks of gestation

We did not perform TA shunting on patient 1 with hydrop
fetalis (Table 1). Instead, we performed thoracocentesis
because the cysts were separated by the septum, which
implied ineffectiveness of TA shunting.

2.2. Case selection

Between 2004 and 2011, TA shunts were used on 8 of 14
fetuses diagnosed as having type 1 CPAM in the Center for
Maternal-Fetal and Neonatal Medicine at the National Center
for Child Health and Development, Tokyo, Japan. Shunts
were offered in pregnancies complicated by hydrops fetalis,
polyhydramnios, or at a significant risk for pulmonary

. Table T Clinical and microscopic data for type 1 CPAM o -
" TAshunt  Sex Age (wk) = Weight (¢) Apgar = Surgical Follow-up ~ Additional features
' ‘ ‘ score - removal (d) S e o
by M350 28000 22 0 - Deathat2mo, 17d Hydrops fetalis
2 (= F 3T 2410 89 24 Free of disease at 1 y, 3 mo H i
3006 M 38 2800 7 89 23 Free of disease at 1 y, 1 mo
4 () F 39 325 77 0  Freeofdiseaseat 7 yand lmo;
e e Lt S : . 1ib deformity i
50 (=) M . 40 S 3400 LR et - FPree of dlsease at 6 v, 8 mo
6 (2 M 39 w3368 89 14 ‘Free ofdlsease at2m0 : Sl e
7 .® F 28 1490 -~ ND 0 : ‘Death atld .  Hydrops fetalis
8§ F. 033 L3544 15 .0 Free of disease at 7 mo, 25 d» ~ Hydrops fetalis
9 Fooo037 . 0 0 3282 . 5 79 0 ~ Free of disease at 1 y,9mo . Polyhydra'mmos
10 (B F 33 288 89 0  Free of diseaseat 2 mo, 15d ~ Hydrops fetalis
11 M 3 2122 88 .0 Free of disease at 1y, 5 mo; S
: e e ; L rib deformity
2 ® F . 38 2790 89 . 0 . Free of dlsease at4 y, 91 mo; . Hydrops fetahs '
L e e rib deformity * 5 L
13 () F 37 2775 8.8 -0 Free of dlsease atlmo ‘ Hydrops fetahs :
14 M 38 3032 8.9 0 Free of disease at:1 mo Hydrops fetalis

_Abbreviations: M, male; F, female; ND, no data.
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hypoplasia. All patients underwent surgical resection within
1 month after birth. Patients treated with TA shunting
underwent surgical resection at the time of delivery.

2.3. Pathologic examination

All cysts were examined macroscopically and microscop-
ically by pathologists in the Department of Pathology at the
National Center for Child Health and Development.

3. Results

Of the 14 fetuses antenatally diagnosed as having type 1
CPAM, 8 were female and 6 were male. Clinical,
macroscopic, and histologic data for these 14 cases are
summarized in Table 1. Thoracoamniotic shunting was used
in § cases because of hydrops fetalis, polyhydramnios, or an
increased risk of pulmonary hypoplasia (Table 1). Six cases
did not undergo TA shunting. Extensive microscopic
examination revealed that there existed squamous metaplasia
of the cyst epithelia in 5 of 8 patients who underwent TA
shunting. In contrast, squamous metaplasia was not found in
patients who did not undergo TA shunting (Table 1). We did
not find overt inflammation in the cases presented in this
study. In some patients who underwent TA shunting, we
found slight inflammation at the insertion site.

In case 8, a large complex fetal lung mass was found in
the left lower lobe. Because of an increased risk of lung
hypoplasia, TA shunt was placed at 26 weeks of gestation. At
1 day of life, the infant underwent lobular resection. The
overall size of the mass was 7 x 5 x 1.7 cm. The mass
contained several predominant macrocysts (Fig. 1A).
Microscopically, the cysts were mainly lined by cuboidal,
columnar, and ciliated columnar epithelia, which was
consistent with the histology of type 1 CPAM (Fig. 1B).
Mucinous epithelium and mucinous hyperplasia were also
seen. Further examination revealed that the cyst wall was
also lined by squamous metaplastic epithelium (Fig. 1C).

In case 14, a large multilocular cyst of the lung was found
in the right middle lobe. The size of the resected lung lobe
was 6.5 x 5 x 1.5 cm (Fig. 2A). In this case, the insertion site
of the shunt tube could be identified macroscopically.
Microscopically, the vernix caseosa was found at the
insertion site (Fig. 2B). At the distant area from the insertion
site, focal squamous metaplasia was found, suggesting that
squamous metaplasia was induced by the cyst content, not by
the direct contact with a shunt tube (Fig. 2C).

4. Discussion

Recent improvements in antenatal diagnosis, prenatal
ultrasound, and fetal surgery have allowed us to treat fetuses

Fig. 1  Gross (A) and microscopic (B, C) appearance of case 8. A,
The specimen displays several predominant macrocysts. Histologic
sections were made from 2 areas and shown in images B and C. B,
The cysts are lined by columnar to pseudostratified columnar
epithelia. Mucinous epithelia are seen in the right lower area
(asterisks). A small cartilaginous tissue can be found in the left
upper area (arrow). C, A histologic section shows focal squamous
metaplasia (arrow heads).
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Fig. 2  Gross (A) and microscopic (B, C) appearance of case 14.
A, The specimen shows a multilocular large cyst. The shunt insertion
site can be identified and pointed by an arrowhead. Histologic
sections were made from 2 areas and shown in images B and C. B,
The insertion site of the TA shunt tube (arrowhead) shows cyst wall
disruption and vernix caseosa (asterisk). Mucinous hyperplasia is
also seen (arrow). C, The section shows focal squamous metaplasia
(arrows) and epithelial cell detachment (arrowheads).

with type 1 CPAM. Fetal interventions for typel CPAM
includes amnioreduction, thoracocentesis, administration of
steroid, CPAM resection, and TA shunt placement [14].
Although these treatments decrease the risk of pulmonary
hypoplasia and fetal death, caution is needed because of
possible complications.

In this study, we report that TA shunt placement causes
histologic changes in the cyst epithelia. Squamous metapla-
sia in the cyst epithelia was found in fetuses treated
prenatally with TA shunting, but not in untreated fetuses,
suggesting that TA shunting may change the nature of the
cyst epithelium as a consequence of long-term exposure to
the intrauterine environment. Supporting this idea is our
finding that the increase in mucinous hyperplasia seen in TA
shunt population was statistically significant. The Mann-
Whitney U test was used to test if there was a difference in
mucinous hyperplasia between TA shunt population and
non—TA shunt population (P =.073). This raises the

possibility that residual lung parenchyma could be also
affected by the intrauterine environment. Because mucinous
hyperplasia has been implicated in the occurrence of
bronchioloalveolar carcinoma, this also raises the possibility
that there is potential for seeding the thoracic cavity and
amniotic cavity with malignant cells through TA shunting.
Collectively, squamous metaplasia in the cyst epithelia may
be a useful “biomarker” for predicting potential complica-
tions and occurrence of bronchioloalveolar carcinoma.

Although TA shunting has lower risks to the fetus and
mother as compared to lobectomy, it has been recently
reported that fetuses treated with TA shunting could
develop postnatal chest wall deformities, suggesting that
TA shunt may affect the rib development of patients [21].
Other known risks and complications for TA shunting
include catheter displacement, improper function of the
catheter, catheter occlusion from thrombus or effusion
material, fatal fetal hemorrhage, procedure-related placental
abruption, premature rupture of membrane, and preterm
labor. These procedure-related complications should be
carefully taken into consideration before TA shunting is
chosen as a treatment option. In this study, we discovered
that TA shunting causes squamous metaplasia of the cyst
epithelium. Our findings suggest that histologic changes
also should be carefully examined to identify other
procedure-related complications.

The cause of squamous metaplasia seen in the cyst
epithelium is not clear. It is also possible that long-term
exposure to the intrauterine environment led to the change
in the nature of cyst epithelium and squamous metaplasia. It
has been shown that proinflammatory mediators and
meconium in amniotic fluid can cause local inflammation
and apoptosis of the lung epithelial cells [22-24]. It has been
also reported that the nature of fetal tissue can be changed
when it is exposed to the intrauterine environment in long
term [25]. Collectively, it is possible that long-term
exposure to the intrauterine environment led to the change
in the nature of cyst epithelium and consequent columnar to
squamous metaplasia.

Our findings raise the possibility that TA shunt placement
could cause unexpected changes in the cyst environment,
leading to histologic changes in the cyst epithelium. Careful
pathologic examination of the cyst is crucial for further
understanding of the possible biological effects of TA
shunting and prevention of unexpected complications.
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