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Abstract

Background: Emergency rescue lung resection is rarely performed to treat congenital lung cysts (CLCs) in neonates.
Many reports have described fetal CLC treatment; however, prenatal predictors for postnatal respiratory failure have not
been characterized. We hypothesized that fetal imaging findings are useful predictors of emergency surgery.

Methods: We retrospectively studied patients with CLC who underwent lung surgery during the neonatal period in
our hospital between January 2001 and December 2015. The demographic data, fetal imaging findings, and intra- and
postoperative courses of patients who underwent emergency surgery (Em group) were compared with those
of patients who received elective surgery, i.e, non-emergency surgery (Ne group).

Results: The Em group and Ne group included 7 and 11 patients, respectively. No significant difference was

noted in gestational age, time at prenatal diagnosis, birth weight, and body weight at surgery. The volumes

of contralateral lung per thoracic volume were significantly smaller in the Em group than in the Ne group (p =0.0188).
Mediastinal compression was more common in the Em group (7/7) than in the Ne group (4/11) (p =0.0128).

Conclusions: This is the report describing neonatal emergency lobectomy in patients with CLC evaluated by fetal MR
using the lung volume ratio and mediastinal shift. In patients with CLC, mediastinal shift and significant decreases in
contralateral lung volumes during the fetal stages are good prenatal predictors of postnatal emergency lung resection.
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Background

With the development of fetal ultrasonography, congenital
lung cysts (CLCs) have been more frequently detected be-
fore birth. Fetal ultrasonography and magnetic resonance
imaging (MRI) have been employed to determine prognosis
after birth and whether interventions are required [1, 2].
CLCs are characterized by various patterns, ranging from
patients without respiratory symptoms at birth to those
with severe respiratory failure due to displacement of the
contralateral lung [3].
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Specific respiratory management and surgery for this
rare disease in neonates are available only at advanced
medical facilities, and elective Caesarean delivery is often
required to prepare for sufficient medical intervention.

Predicting these patterns before birth could help deter-
mine treatment strategies and thus improve prognosis.
Emergency rescue lung resection is rarely performed in
neonates with CLCs. Many reports have described fetal
treatment for CLC; however, prenatal predictors for
postnatal respiratory failure have not been characterized
[4-6]. We hypothesized that fetal imaging would help
predict the requirement for emergency surgery.

Several reports described prenatal evaluation of CLC
using ultrasonogram findings such as the lung thoracic
ratio and cystic adenomatoid malformation volume ratio
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(CVR) [7-9]. Ultrasonography can be performed repeat-
edly with ease and is non-invasive; however, the accuracy
of readings depends on the level of competency and
technique of the practitioner. Fetal MRI is costly, and
the time required to perform each scan limits its appli-
cation; therefore, unlike ultrasonography, it cannot be
performed repeatedly. However, fetal MRI exhibits
several advantages over ultrasonography. Because the
images obtained are almost three-dimensional, they are
suitable for measuring volume and enable more accurate
and objective evaluations. Although fetal MRI has been
used for prenatal evaluation of the severity of congenital
diaphragmatic hernia, its utility in evaluating the prog-
nosis of CLC is unclear [10, 11]. The purpose of this
study was to evaluate the severity and prognosis of CLC
using fetal MRI, and thereby determine the appropriate
treatment strategy.

Methods

Prior to this study, all protocols were approved by the
ethics review board at our institution. The medical
records of patients who had undergone lobectomy for
CLC treatment during the neonatal period in our
department between January 1, 2001 and December 31,
2015 were retrospectively reviewed. In order to avoid
thoracic deformity and early infection of CLC, we per-
formed scheduled thoracoscopic surgery at near the end
of neonatal period for patients who had a stable cardio-
respiratory state. We performed emergency thoraco-
scopic surgery for patients who had an unstable
respiratory state at early neonatal period or before
scheduled surgery. We performed morphometric ana-
lyses of MRI images to assess volumes (ml) of the
affected lesion, affected lung, contralateral lung, thoracic
cavity, and mediastinal compression. We calculated the
volume of the affected lung per thoracic cavity, volume
of the affected lesion per thoracic cavity, and volume of
the contralateral lung per thoracic cavity. The character-
istics of patients (gestational age, time at prenatal diag-
nosis, birth weight, age at surgery, and body weight at
surgery) and peri- and postoperative courses (surgery
time, blood loss, duration of intubation [days], duration
of respiratory support [days], and postoperative hospital
stay) were compared between the patients who under-
went emergency surgery for postnatal respiratory failur-
e—the emergency surgery (Em) group—or those who
underwent elective surgery—the non-emergency surgery
(Ne) group. Analyses of the MRI images were performed
by radiologists who were blinded to the patients’ back-
ground. The volumes were calculated using SYNAPSE
VINCENT® FUJIFILM MEDICAL SOLUTION analytical
software by easily combining values obtained from
traced individual MRI images. A heart clearly displaced
from the midline and mediastinal displacement
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diagnosed by a radiologist were defined as mediastinal shift.
Statistical analysis was performed with the Wilcoxon test
and Fisher exact test using JMP Pro 11, Statistical Discovery
from SAS.

Results
All fetal MRI was performed during the third trimester.
Of 21 patients who underwent surgery within 30 days
after birth, three patients without prenatal diagnosis
were excluded. The Em group and the Ne group
included 7 and 11 patients, respectively. No significant
difference was noted in gestational age, time at prenatal
diagnosis, and birth weight. The age at surgery was
significantly younger and the body weight at surgery was
significantly smaller in the Em group than in the Ne
group. (Table 1) In the emergency surgery group, pre-
natal diagnoses were 4 cases of congenital pulmonary
airway malformation (CPAM) type I, 2 cases of CPAM
type II, and 1 case of CPAM type III; and pathological
diagnoses were 4 cases of CPAM type I, 2 cases of
CPAM type II, and 1 case of CPAM type IIl. In the
elective surgery group, prenatal diagnoses were 4 cases
of CPAM type L, 5 cases of CPAM type II, and 2 cases of
CPAM type III; and pathological diagnoses were 4 cases
of CPAM type I, 5 cases of CPAM type II, and 2 cases of
CPAM type IIL

The fetal images of both groups showed no significant
differences in the volumes of affected lesions per thor-
acic cavity (Em: 0.174 and Ne: 0.274; p =0.2090) and
affected lung per thoracic cavity (Em: 0.228 and Ne:
0.108; p = 0.3927). The volumes of contralateral lung per
thoracic cavity were significantly smaller in the Em
group (0.166) than in the Ne group (0.195) (p = 0.0188).

Table 1 Characteristics of patients who underwent lobectomy
within 30 days of birth

Emergency Non-emergency p value
operation operation
group group
n=7 n=11
Gestational 38 39 0.0540
age at delivery (37-40) (37-40)
(weeks)
Time of 25 24 0.8553
prenatal (21-32) (20-34)
diagnosis
(weeks)
Body weight 3028 3152 0.1473
at birth (g) (2484-3138) (2618-3483)
Age at 2 26 0.0005
operation (0-27) (24-30)
(days)
Body weight 3028 4000 0.0006
at operation (2484-3382) (3500-6405)

()

Median (range)
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Mediastinal compression was more common in the Em
group (7/7) than in the Ne group (4/11) (p=0.0128).
Concerning thoracoscopic lobectomy (Em; 4 cases, Ne;
11 cases), no significant intergroup differences were
noted in surgery time (160 min and 206 min; p=
0.4687), although one thoracoscopic case in the Em
group converted to thoracotomy due to deteriorating
respiratory status. The volume of blood loss was signifi-
cantly lower in the Ne group (2 ml) than in the Em
group (18 ml) (p = 0.0360). The Em group required sig-
nificantly longer intubation (19 vs 0 days; p =0.0014),
respiratory support (22 vs 0 days; p = 0.0023), and post-
operative hospital stay (43 vs 10 days; p = 0.0085) than
the Ne group (Table 2). The numbers of patients
followed up for longer than 1 year after surgery were 4
and 11 in the Em group and the Ne group, respect-
ively. No patients reported problems with daily living
and growth.

In three patients who underwent fetal therapy, emer-
gency surgery was performed at 1, 2, and 4 days of age.
In the former two patients, a shunt tube was inserted at
25 and 29 weeks of gestation, and in the latter patient,
cyst puncture was performed at 25 weeks of gestation.
Fetal MRI was performed at 34, 34, and 39 weeks of ges-
tation and revealed a mediastinal shift in all patients.
The ratios of the contralateral lung volume to the thor-
acic cavity were 0.102, 0.147, and 0.207, respectively.
The latter patient underwent MRI at 27 weeks of gesta-
tion, prior to fetal therapy, which indicated that the ratio
of the contralateral lung volume to the thoracic cavity
was 0.164, which improved to 0.207 with fetal therapy.
Even though contralateral lung volume increased with
fetal therapy, emergency lung resection was required.
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One patient exhibited fetal hydrops on ultrasonog-
raphy at 25 weeks of gestation with marked cardiac
displacement, both of which improved by 33 weeks. The
ratio of the contralateral lung volume to the thoracic
cavity was 0.033 at 26 weeks and 0.190 at 33 weeks.
Rupture of the membrane at 37 +4 weeks resulted in
vaginal delivery, with the neonate weighing 3120 g and
in good respiratory condition. Although surgery had
been scheduled, emergency surgery with a partial resec-
tion of the left superior and inferior lobes was performed
because of respiratory difficulty on day 27 after birth.

Seven patients required emergency surgery at the age
of 0, 0, 2, 2, 2, 4, and 27 days, four of whom required
continuous one-lung ventilation until the surgery. The
median ratio of the contralateral lung volume to the
thoracic cavity was significantly lower in the Em group
than in the Ne group. The respiratory status of six
patients rapidly deteriorated soon after birth.

Discussion

In fetal imaging, poor resolution can prevent diagnosis
of CLC. Diagnosis using ultrasonography is further com-
plicated by artifacts caused by amniotic fluid volume,
the form of the maternal body, and fetal movement—is-
sues that are not applicable to MRI. Furthermore, the
contrast of a lung cyst (LC) and the affected lung is
sometimes poor and indistinct, making it difficult to
accurately measure the LC and the affected lung volume.
In contrast, the normal lung is easily delineated. We
compensated for the influence of lung volume fluctua-
tions by measuring the thoracic volume and calculating
the thoracic ratio. Thus, evaluation of the volume of the

Table 2 Comparison of fetal magnetic resonance imaging examinations and pre-operative and post-operative status between the

emergency operation and non-emergency operation groups

Emergency operation group Non-emergency Operation group p value
n=7 n=11
Volume of affected lesion/thoracic cavity (ml) 0.174(0.000-0.445) 0.274 (0.152-0.389) 0.2090
Volume of affected lung/thoracic cavity (ml) 0.228(0.013-0.554) 0.108 (0.008-0.337) 0.3927
Volume of contralateral lung/thoracic cavity (ml) 0.166 (0.051-0.199) 0.195 (0.139-0.267) 0.0188
Positive for mediastinal compression (n) 7 4 0.0128
Positive for hydrops (n) 2 0 0.1373
Blood loss (ml) 18 (1-114) 2 (0-41) 0.0360
Number of intubation days after operation 19 (1-22) 0 (0-3) 0.0014
Number of respiratory support days after operation 22 (6-80) 0 (0-39) 0.0023
Postoperative hospital stay (days) 43 (21-109) 10 (7-77) 0.0085
Underwent thoracotomy (n) 3 0
Underwent thoracoscopic surgery (n) 4 11
Operative time for thoracoscopy (min) 160 (75-296) 206 (83-441) 04687

Median (range).
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contralateral (not affected) lung and the thoracic volume
provides accurate data.

The ultrasonic CVR can be repeatedly evaluated, and
it is a convenient and very useful predictor. On the other
hand, for congenital diaphragmatic hernia, various MRI
techniques have been previously reported, of which lung
volume was reported to be an effective predictor for
prognosis [10]. In CLC, MRI can also be utilized to
measure the congenital CVR, a useful indicator of the
fetal treatment and ex-utero intrapartum treatment pro-
cedure [6, 9, 12]. CVR values over 1.6 or 2.0 have been
reported to be high risk factors [6, 9, 12]. CVR can be
calculated using the formula length x height x width x
0.52 / the head circumstance, using either MRI or echo
images, and is a volume calculation based on the values
obtained from cross sections, which differs from the
three-dimensional volume measurement achieved using
MRL In our study, the ultrasonic CVR, which acts as the
index of postnatal respiratory condition, was only mea-
sured in some cases. The results of our ultrasonographic
examinations cannot be compared with the results of
maternal MRI. Maternal MRI, which is not affected by
the skill of the technician, is routinely performed in our
institution when abnormalities are suspected in the
fetus. To reduce the effect of the MRI performance time,
the thoracic volume was used instead of the head
circumstance.

Because we believed that surgery could be con-
ducted efficiently if we waited about 30 days after
birth, elective lobectomy was performed in the neo-
natal period (near 30 days) to avoid the risk of early
cystic infection in this study period. In the neonatal
period, the infant’s body is small, so the operation is
slightly challenging to perform; however, as the sur-
gery does not increase the risk of complications, we
believe it is feasible. In our current strategy for the
treatment of congenital lung cystic disease without
respiratory distress, we perform delayed lobectomy
within 3—-6 months to make it easier for the surgeon
to perform the operation when the infant’s body is a
little bigger.

With advances in imaging analysis, volume measure-
ment can be relatively easily applied, and based on the
three-dimensional MRI images acquired, volume meas-
urement could be widely used in the future. Future stud-
ies are expected to validate pulmonary volume as a
predictor for the treatment and prognosis of CLC, and
effective disease evaluations should be based on estab-
lished reference values.

According to our results, CLC patients requiring
emergency surgery for imminent respiratory failure after
birth exhibited reduced fetal contralateral lung and
mediastinal shift volumes. The Em group had longer
postoperative hospital stays and required respiratory
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support for longer periods because of possible immatur-
ity of the contralateral lung.

Patients in the Em group required one-lung ventilation
or cyst puncture to maintain general condition sufficient
for adequate surgery as early as possible. Such treatment
is available only at limited medical facilities with an
advanced system. Thus, if the requirement of emergency
rescue lung surgery is prenatally determined, we cannot
only select an appropriate birthing facility but also deter-
mine the type of delivery, such as elective Caesarean
delivery, and timing of delivery based on the preparation
of planned medical intervention.

Several studies have recommended early surgery even
in asymptomatic cases based on the risk of pneumonia
associated with non-treatment and reported no differ-
ence in surgery outcomes [13—19], whereas others rec-
ommended conservative management without surgery in
asymptomatic cases [20] or waiting until 4—8 weeks after
birth, reporting fewer complications when surgery was
delayed by at least 3 months of birth [8, 21]. In the
present study, we performed neonatal lobectomy in
infants without respiratory distress; however, in the
future, delaying lobectomy until 3-6 months of birth
may not be associated with adverse outcomes.

In some cases of CLC diagnosed prenatally, we some-
times experience time-course change in cyst size
detected by fetal ultrasonography. Although such pos-
sible time-course change in cyst size could affect the
accuracy of our evaluation, a significant change in cyst
size was not observed on a fetal ultrasonogram from the
time of the third-trimester MRI scan to delivery. In our
evaluation, we used MRI results performed in the third
trimester even in the patients undergoing MRI examin-
ation multiple times; furthermore, instead of cyst size
per se, the rate of the contralateral lung relative to the
thoracic cavity was used; therefore, bias is not consid-
ered to be an issue.

Conclusions

This is the report describing neonatal emergency lobec-
tomy in patients with congenital lung cysts detected by
fetal MRI using lung volume ratio and mediastinal shift.
We aim to improve the accuracy and prognostic capacity
of this procedure by accumulating further clinical data.
In patients with CLCs, mediastinal shift and significant
decreases in contralateral lung volumes during the fetal
stages are good prenatal predictors of postnatal emer-
gency lung resection.
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