Obstetrics &
Original Article

Obstet Gynecol Sci 2014;57(2):102-108
http://dx.doi.org/10.5468/0gs.2014.57.2.102
pISSN 2287-8572 - eISSN 2287-8580

Gynecology
Science

Intrauterine therapy for macrocystic congenital cystic

adenomatoid malformation of the lung
Jin-Young Min, Hye-Sung Won, Mi-Young Lee, Hye-Jin Suk, Jae-Yoon Shim, Pil-Ryang Lee, Ahm Kim

Department of Obstetrics and Gynecology, University of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea

Objective
To report on our experiences with thoracoamniotic shunting and/or the injection of a sclerosing agent (0OK-432) to treat
fetuses diagnosed with macrocystic congenital cystic adenomatoid malformation (CCAM) of the lung.

Methods
A retrospective study was undertaken in six fetuses with macrocystic CCAM at our institute that had been confirmed
by postnatal surgery between August 1999 and January 2012.

Results

Six fetuses that had been diagnosed with macrocystic CCAM were analyzed. The median gestational age at diagnosis
was 23.5 weeks (range, 19.5-31.0 weeks), and at the time of primary treatment was 24.0 weeks (range, 20.5-31.0
weeks). The mean size of the largest cyst at the initial assessment was 42.5+15 mm. Four fetuses were associated
with mediastinal shifting, and one also showed fetal hydrops. All fetuses underwent a shunting procedure within the
cysts, one case among them was also treated with OK-432. After the completion of all procedures, the mean size of the
largest cyst was all decreased (14.2+12 mm). The median gestational age at delivery was 38.0 weeks (range, 32.4-40.3
weeks). All of the newborns underwent the surgical resection at a median age of 6 days (range, 1-136 days) and are
currently doing well without any complications.

Conclusion
We suggest that intrauterine decompression therapy to manage fetal macrocystic CCAM is recommendable treatment
for good perinatal outcome.
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during the pseudoglandular period when a rapid expansion of
the conducting airways and peripheral lung tubules occurs.

Introduction

A congenital cystic adenomatoid malformation (CCAM) is a
cystic mass that is histologically characterized by abnormal

proliferation of the terminal respiratory bronchioles [1], and
rarely occurs, with a considered incidence of 1:25,000 to
1:35,000 pregnancies [2]. CCAM usually involves only one
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lobe of the lung and cystic structures arise from an over-
growth of the terminal bronchioles with a reduction in the
number of alveoli [3]. In the normal lung, the anatomical de-
velopment periods have been divided into five distinct phases:
embryonic (3—7 weeks), pseudoglandular (7—17 weeks), can-
alicular (17—29 weeks), saccular (24-36 weeks), and alveolar
(36 weeks to maturity) [4]. Most instances of CCAM arise
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CCAM is prenatally classified as macrocystic or microcys-
tic, based on its in appearance on a prenatal ultrasound [4].
Microcystic CCAM, which appears as solid echogenic mass,
tends to regress spontaneously after approximately 26 to 28
weeks of gestation [5]. On the other hand, macrocystic le-
sions, which contain single or multiple cysts that are 5 mm
or larger in diameter, generally do not regress as fluid accu-
mulates within the cysts [6]. Macrocystic CCAM also carries a
significant risk of pulmonary hypoplasia, pleural effusion, fetal
hydrops, and subsequent fetal demise [4].

The prenatal therapies in current practice for these lesions
include aspiration of the cyst, thoracoamniotic shunt, injection
of sclerosing agent, and open fetal surgery [7-9]. The aim of
our study was to introduce our experiences using various mo-
dalities to treat fetuses diagnosed with macrocystic CCAM in
a single Korean center.

Materials and methods

Following institutional review board approval, we retrospec-
tively analyzed fetuses with macrocystic CCAM who under-
went intrauterine therapy between August 1999 and Janu-
ary 2012 at the Asan Medical Center, Seoul, Korea. Among
319 fetuses diagnosed with CCAM by prenatal ultrasound,

129 were postnatally confirmed with CCAM. Of 25 neo-
nates confirmed with macrocystic CCAM, six underwent in-
trauterine treatment, and these cases were finally analyzed
(Fig. 1). The following parameters were assessed: the ges-
tational age at diagnosis, the size of largest cyst within the
CCAM, the presence of mediastinal shifting, any associated
polyhydramnios, the presence of pleural effusions, ascites
or fetal hydrops, and any combined anomalies. From 2011,
we also assessed fetal left cardiac function in CCAM cases
by measuring the modified myocardial performance index
(Mod-MPI). Indications for prenatal intervention included a
largest cyst more than 2 cm, and the presence of mediasti-
nal shifting or fetal hydrops. In utero treatment modalities
were as follows: aspiration of cysts, thoracoamniotic shunt,
and injection of the sclerosing agent. OK-432 (Picibanil,
Chugai Pharmaceutical Co., Tokyo, Japan), a lyophilized in-
cubation mixture of group A Streptococcus pyogenes, was
used as the sclerosing agent. OK-432 at a concentration of
1 Klinische Einheit (KE) in 10 mL normal saline was injected
into the macrocystic cavity. The delivery characteristics that
were recorded included the gestational age at delivery, birth
weight, and neonatal outcomes, such as the Apgar score,
and the presence of respiratory complications. A diagnosis
of CCAM was confirmed in all neonates by postnatal chest
computed tomography and postoperative pathology.

319 Prenatally diagnosed CCAM

96 Follow-up loss

9 Termination

214 Live birth

4 Neonatal death without

66 Postnatally confirmed other diagnosis

129 Postnatally confirmed CCAM 15 No definite mass

diagnostic confirmation

25 Macrocystic CCAM

104 Microcystic CCAM

in prenatal period

19 Conservative management

6 Intrauterine therapy

Fig. 1. Flow diagram showing the postnatal outcomes of the fetuses prenatally diagnosed with congenital cystic

adenomatoid malformation (CCAM).
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Results

Table 1 demonstrates the clinical characteristics of the six
fetuses with macrocystic CCAM analyzed in this report. The
median gestational age at diagnosis was 23.5 weeks (range,
19.5-31.0 weeks), and the median gestational age at first
clinical intervention was 24.0 weeks (range, 20.5-31.0

weeks). The mean size of the largest cyst within the CCAM
at the initial assessment was 42.5+15 mm. Four of these
cases were associated with mediastinal shifting, and one also
showed fetal hydrops. There were no chromosomal or com-
bined anomalies detected in any of the fetuses.

All fetuses underwent shunting within the cysts, which al-
most eliminated the cystic lesions in three fetuses (cases 1, 2,

Table 1. Clinical characteristics of the six fetal cases of macrocystic congenital cystic adenomatoid malformation

ose S0\ Mo lagest) Medlosoal Pobfydamnios  GALrterventon  Largest ot afer
1 24.4 Left 48 - —/- 24.5 Shunt No cystic lesion
2 31.0 Right 60 + —/— 31.0 Shunt 14
3 253 Right 23 - —/- 253 Shunt No cystic lesion
4 22.5 Left 57 + +/+ 22.6,23.1,29.4 Shunt x 37 24
28.4,29.0 Aspiration x 2
5 22.3 Left 38 + —/— 23.2,24.3,25.4  OK-432x3° 23
26.4 Shunt
6 19.5 Right 29 + —/- 20.5 Shunt 24

GAD, gestational age at diagnosis; GAI, gestational age at intervention.
IShunting was performed three times; YAspiration of the cyst was performed twice; “Sclerosing agent (OK-432) was injected three times.
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Fig. 2. Case 5 fetus with macrocytic
CCAM who were treated with injec-
tion of OK-432 and thoracoamniotic
shunting. (A) Before the procedures.
(B) After injection of OK-432. (C) The
cystic mass was redeveloped at the 1
week follow-up. (D) After shunting, the
cystic mass was almost disappeared.
Lt, left; Rt, right.
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Table 2. Fetal left Mod-MPI in cases 5 and 6 of macrocystic congenital cystic adenomatoid malformation

Mod-MPI Initial After OK-432 injection After shunting At 31.4 wk At 34.4 wk
Case 5 0.59 0.64 0.39 - 0.43
Case 6 0.53 - 0.47 0.41 -

Mod-MPI, modified myocardial performance index.

Table 3. Neonatal outcomes for the six fetuses with macrocystic congenital cystic adenomatoid malformation

AS at 1 Time to Hospital .
GAD BW NICU . C-tube Postoperative
Case Sex and  Symptoms pr Intubation | - Surgery surgery  day B
(wk) (9) 5 min admission insertion (day) (day) complications
1 40.3 3508 Male  8>9 - - - + 1 13 -
2 37.2 2565 Male 9>10 Tachypnea, - + + 7 16 -
moaning
3 39.4 3089 Male 8>9 - - - - + 136 9 -
4 32.4 2699 Male 4>7 Apnea + 5 69 -
5 38.4 2866 Female 6>7  Wheezing, + 6 16 -
chest
retraction
6 37.5 4000 Male 6>8 Tachypnea + + - + 8 21 -

GAD, gestational age at delivery; BW, birth weight; AS, Apgar score; NICU, neonatal intensive care unit; C-tube, chest tube.

and 3). One fetus (case 4) required repeated shunting with
aspiration of the cysts because multiple large cysts had pre-
sented within the mass. After the second shunting procedure
within each of the two large cysts, the fetal hydrops improved.
However six weeks after the initial shunting, a new 4 ¢m sized
cystic mass developed and fetal hydrops reemerged. Despite
a second series of aspirations of these cysts, the hydrops was
not again alleviated and shunting was therefore performed
again at 29.4 weeks of gestation. Following these procedures,
only small cysts persisted until birth.

One of our six cases was treated with OK-432 (case 5) (Fig. 2).
An aspiration of 45 mL of cystic fluid followed by injection of
0.07 KE (0.7 mL) was performed at 23.2 weeks of gestation.
This procedure was repeated twice with increased does of
0OK-432 (0.12 and 0.2 KE, respectively). Although there was
a subsequent marked reduction in the size of the cyst after
each injection of 0K-432, the fluid was found to have reac-
cumulated at the 1 week follow-up. Therefore shunting was
performed at 26.4 weeks of gestation. Thereafter the mean
size of the largest cyst within the CCAM was decreased.

We also assessed the fetal left cardiac function in cases 5
and 6, and the Mod-MPI before and after these procedures
is indicated in Table 2. Both fetuses demonstrated improved
cardiac function after these intrauterine treatments.

Table 3 demonstrates the postnatal outcomes of the six fe-
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tuses with macrocystic CCAM. The median gestational age at
delivery was 38.0 weeks (range, 32.4—40.3 weeks), and the
mean birth weight was 3121+543 g. The male to female ra-
tio was 5:1. Four of these newborns showed respiratory symp-
toms at birth, and three infants required chest tube insertion
because of these developing symptoms. All six babies under-
went the surgical resection at a median age of 6 days (range,
1-136 days) and were confirmed with macrocystic CCAM.
Based on the postnatal follow up in each case, these children
are currently all doing well without any complications.

Discussion

Our study demonstrated that intrauterine therapy, especially
thoracoamniotic shunting can save the fetuses with macro-
cystic CCAM even who developed hydrops. On the contrary to
microcystic CCAM, which tend to shrink [4,10], macrocystic
lesions may grow or show few changes during the third tri-
mester [9], and may also cause a cardiac compression with
changing hemodynamics and hydrops because of an elevated
central venous pressure [11]. Previous reports have often
described a high incidence of adverse features such as fetal
death or hydrops in macrocystic CCAM [4]. Therefore, these
lesions may require intrauterine therapy including aspiration
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of the cyst, thoracoamniotic shunt, injection of sclerosing
agent, or in some cases open fetal surgery to prevent such
complications [12]. In our experience, the cyst was reduced
or completely removed after aspiration and thoracoamniotic
shunting. Fetal hydrops and fetal cardiac functions were also
improved after successful intrauterine treatments.

CCAM is generally classifies into three major subtypes: type
|, macrocystic, contain one or more large cysts >2 c¢m and
a compressed normal parenchyma; type Il, several cysts, of
<1 cm in size and blending with the adjacent normal paren-
chyma; and type Ill, microcystic consisting of several noncystic
masses [13,14]. More recently, two additional subtypes of
CCAM have been added to the classification of this disorder,
in accordance with the origin site of the malformation: These
are type O which involves acinar dysplasia and type IV which
denotes a peripheral cyst of the distal acinus with alveolar
type cells [15]. Because this original CCAM classification is
based on histology, it cannot be applied prenatally [13]. To
overcome this limitation, Adzick et al. [16] proposed a new
classification system for CCAM based on the predominant
component of the lesion (cystic or solid). These authors classi-
fied the disease as either macro- or microcystic in appearance
based on gross anatomical observations and ultrasound. A
macrocystic lesion denotes single or multiple cysts that are
5mm or larger in diameter whereas a microcytic lesion is a
solid echogenic mass. This new approach by Adzick et al. [16]
has become the accepted classification system date.

There are several prognostic markers of the postnatal
outcomes of fetuses with CCAM. These include the size
and type of CCAM, the presence of a mediastinal shifting,
polyhydramnios, or hydrops and CCAM volume ratio (CVR)
[6,11,12]. CVR is defined as the CCAM volume (mL) to head
circumference (cm) ratio. The fetus with CVR greater than 1.6
is increased risk of hydrops, whereas the fetus with CVR less
than or equal to 1.6 is presented to be low risk of hydrops [6].
Therefore, fetuses with these poor prognostic markers should
be considered for intrauterine therapy.

However it must be noted that there are currently no uni-
versal guidelines for fetal therapy of a large cystic lung lesion.
Fetal interventions in such cases can be based on gestational
age, the size of the CCAM, and the presence of poor prognos-
tic markers. If the cyst fluid reaccumulates rapidly in a fetus
of under 32 weeks gestation, fetal thoracoamniotic shunting
could be considered as an effective and appropriate inter-
vention [16]. Since Clark et al. reported the first successful
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shunting operation for macrocystic CCAM [11], several cases
successfully treated in this way have been reported from other
countries [9]. We have also reported two cases of successful in
utero fetal shunting to treat macrocystic CCAM, the first such
report from Korea [17]. Our current study reports four addi-
tional cases of macrocystic CCAM since then, and showed the
favorable postnatal outcomes.

In cases of macrocystic CCAM for which an enforced shunt-
ing operation is not feasible, percutaneous fetal sclerotherapy
are possible alternatives. Intrauterine sclerotherapy has been
used to treat fetal pleural effusion, cystic hygroma, and bron-
chopulmonary sequestration [18-20]. Recent reports also
demonstrated that complicated CCAM can be managed by
fetal sclerotherapy and they concluded this treatment mo-
dality is minimally invasive and highly effective [21,22]. OK-
432, which is widely used as a safe and effective sclerosing
agent, can break down the normal epithelia of cystic walls
via inflammatory reactions and the resulting fibrotic adhe-
sions cause lymphatic fluid reduction and shrinkage [23]. KE
is used as a unit of measurement for OK-432 doses and 1 KE
corresponds to 0.1 mg of freeze-dried streptococci containing
approximately 1x10° cells [24]. Although the recommended
dosage for OK-432 is 0.1 KE per injection [18], we started
from the minimal dose and repeated with higher dose be-
cause of reaccumulation of fluid within the cyst. Our use of
OK-432 was based on the positive results of previous studies,
but we did not observe the optimal outcomes. However, the
ineffectiveness of OK-432 cannot be based on only one case,
and further assessments of this treatment in additional CCAM
cases will be needed to draw firmer conclusions.

A limitation of our study is the small cohort of only six fetal
cases. However, the incidence of CCAM is already rare, and
the proportion of these cases with macrocystic CCAM is very
small. In addition, although CVR is considered as a useful
prognostic indicator of fetal hydrops, we measured only two
dimensions of the CCAM in this study. Measuring the cross-
section (widthxlength) of the CCAM instead of its volume
make it difficult to evaluate the effectiveness of a given in-
tervention. Therefore there is a future need for measurement
standards to be developed. Despite of these limitations, our
current results suggest that intrauterine therapy for macrocys-
tic CCAM produces a good outcome. In addition, our present
findings may provide useful information to assist the future
design of sclerotherapy interventions for macrocystic CCAM.

We concluded that prenatal intervention is effective treat-
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ment in macrocystic CCAM fetuses who have poor prognostic
markers. Therefore we suggest these intrauterine decompres-
sion therapies as recommendable interventions for macrocys-
tic CCAM fetuses.

Conflict of interest

No potential conflict of interest relevant to this article was
reported.

References

1. Bunduki V, Ruano R, da Silva MM, Miguelez J, Miyada-
hira S, Maksoud JG, et al. Prognostic factors associated
with congenital cystic adenomatoid malformation of the
lung. Prenat Diagn 2000;20:459-64.

2. Wilson RD, Hedrick HL, Liechty KW, Flake AW, Johnson MP,
Bebbington M, et al. Cystic adenomatoid malformation
of the lung: review of genetics, prenatal diagnosis, and in
utero treatment. Am J Med Genet A 2006;140:151-5.

3. Mahle WT, Rychik J, Tian ZY, Cohen MS, Howell LJ, Crom-
bleholme TM, et al. Echocardiographic evaluation of the
fetus with congenital cystic adenomatoid malformation.
Ultrasound Obstet Gynecol 2000;16:620-4.

4. Davenport M, Warne SA, Cacciaguerra S, Patel S, Greenough
A, Nicolaides K. Current outcome of antenally diagnosed
cystic lung disease. J Pediatr Surg 2004;39:549-56.

5. Adzick NS, Harrison MR, Crombleholme TM, Flake AW,
Howell LJ. Fetal lung lesions: management and outcome.
Am J Obstet Gynecol 1998;179:884-9.

6. Crombleholme TM, Coleman B, Hedrick H, Liechty K,
Howell L, Flake AW, et al. Cystic adenomatoid malforma-
tion volume ratio predicts outcome in prenatally diag-
nosed cystic adenomatoid malformation of the lung. J
Pediatr Surg 2002;37:331-8.

7. Adzick NS, Harrison MR, Flake AW, Howell LJ, Golbus
MS, Filly RA. Fetal surgery for cystic adenomatoid mal-
formation of the lung. J Pediatr Surg 1993;28:806-12.

8. Nugent CE, Hayashi RH, Rubin J. Prenatal treatment of type
| congenital cystic adenomatoid malformation by intrauter-
ine fetal thoracentesis. J Clin Ultrasound 1989;17:675-7.

9.Schrey S, Kelly EN, Langer JC, Davies GA, Windrim R,
Seaward PG, et al. Fetal thoracoamniotic shunting

www.ogscience.org

20.

21.

for large macrocystic congenital cystic adenomatoid
malformations of the lung. Ultrasound Obstet Gynecol
2012;39:515-20.

.lerullo AM, Ganapathy R, Crowley S, Craxford L, Bhide

A, Thilaganathan B. Neonatal outcome of antenatally di-
agnosed congenital cystic adenomatoid malformations.
Ultrasound Obstet Gynecol 2005;26:150-3.

. Clark SL, Vitale DJ, Minton SD, Stoddard RA, Sabey PL.

Successful fetal therapy for cystic adenomatoid malfor-
mation associated with second-trimester hydrops. Am J
Obstet Gynecol 1987;157:294-5.

. Dommergues M, Louis-Sylvestre C, Mandelbrot L, Aubry

MC, Revillon Y, Jarreau PH, et al. Congenital adenomatoid
malformation of the lung: when is active fetal therapy in-
dicated? Am J Obstet Gynecol 1997;177:953-8.

. Stocker JT, Madewell JE, Drake RM. Congenital cystic ad-

enomatoid malformation of the lung. Classification and
morphologic spectrum. Hum Pathol 1977;8:155-71.

. Evrard V, Ceulemans J, Coosemans W, De Baere T, De Leyn

P, Deneffe G, et al. Congenital parenchymatous malforma-
tions of the lung. World J Surg 1999;23:1123-32.

. Gilbert-Barness E, Debich-Spicer DE. Embryo and fetal

pathology: color atlas with ultrasound correlation. Cam-
bridge: Cambridge University Press; 2004.

. Adzick NS, Flake AW, Crombleholme TM. Management of

congenital lung lesions. Semin Pediatr Surg 2003;12:10-6.

. Chung JY, Won HS, Kim SR, Seo MD, Bo CH, Kim HK, et

al. The fetal therapy of congenital cystic adenomatoid
malformation of the lung in-utero: two cases of thora-
coamniotic shunting using a basket-shaped catheter.
Korean J Obstet Gynecol 2000;43:1894-9.

. Chen M, Chen CP, Shih JC, Chou HC, Yu CL, Wang BT,

et al. Antenatal treatment of chylothorax and cystic hy-
groma with OK-432 in nonimmune hydrops fetalis. Fetal
Diagn Ther 2005;20:309-15.

. Ogita K, Suita S, Taguchi T, Yamanouchi T, Masumoto K,

Tsukimori K, et al. Outcome of fetal cystic hygroma and
experience of intrauterine treatment. Fetal Diagn Ther
2001;16:105-10.

Bermudez C, Perez-Wulff J, Bufalino G, Sosa C, Gomez
L, Quintero RA. Percutaneous ultrasound-guided sclero-
therapy for complicated fetal intralobar bronchopulmonary
sequestration. Ultrasound Obstet Gynecol 2007;29:586-9.
Bermudez C, Perez-Wulff J, Arcadipane M, Bufalino G,
Gomez L, Flores L, et al. Percutaneous fetal sclerotherapy

107



Obstetrics & Gynecology Science
Vol. 57, No. 2, 2014

for congenital cystic adenomatoid malformation of the  23. Luzzatto C, Midrio P, Tchaprassian Z, Guglielmi M. Scle-

lung. Fetal Diagn Ther 2008;24:237-40. rosing treatment of lymphangiomas with OK-432. Arch
22. Lee FL, Said N, Grikscheit TC, Shin CE, Llanes A, Chmait Dis Child 2000;82:316-8.

RH. Treatment of congenital pulmonary airway malfor- ~ 24. Kurokawa T, Hattori T, Furue H. Clinical experiences with

mation induced hydrops fetalis via percutaneous sclero- the streptococcal anticancer preparation, OK-432 (NSC-

therapy. Fetal Diagn Ther 2012;31:264-8. B116209). Cancer Chemother Rep 1972;56:211-20.

108 www.ogscience.org



