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Introduction

Congenital high airway obstruction syndrome (CHAOS) is a 
rare and fatal malformation that can lead to death imme-
diately after birth, especially if not diagnosed prenatally [1]. 
CHAOS is caused by deficient recanalization of the upper 
respiratory tract at around 10 weeks of gestation [1]. Upper 
airway obstruction blocks the flow of fetal lung fluid, which 
results in an expansion of the airway and lungs. An increased 
intrathoracic pressure resulting from the aforementioned 
blockage impairs venous return and cardiac function [2]. 
The typical prenatal ultrasonographic findings of CHAOS 
include symmetrically enlarged echogenic lungs, a flattened 
or inverted diaphragm, dilated airways, and an anteriorly 
displaced heart [1]. CHAOS can be associated with several 
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syndromes, such as Fraser, cri du chat, short-rib polydactyly, 
and 22q11.2 deletion syndromes [3,4].

Recently, ultrasonography and magnetic resonance imag-
ing (MRI) have enabled the diagnosis of CHAOS in the pre-
natal period. Morbidity and mortality have been reduced by 
the development of the ex utero intrapartum treatment (EXIT) 
procedure through intubation or tracheostomy while main-
taining fetal circulation [5-10]. However, due to the rarity of 

the disease, only a few cases of CHAOS have been reported 
describing the postnatal management and long-term prog-
nosis [11,12]. The purpose of this study was to report our 
experience in CHAOS management, and to discuss the long-
term postnatal outcomes of infants prenatally diagnosed 
with CHAOS by reviewing previously published articles.

Fig. 1. Prenatal ultrasonography showing symmetrically enlarged, hyperechoic, and homogeneous lungs with centrally positioned heart (A), 
flatted diaphragm (solid arrows in B), and associated ascites (open arrow in B).

A B

Fig. 2. Magnetic resonance imaging showing an abrupt narrowing of T2 high-signal airway at the level of larynx (arrows in A and B) and 
symmetrically enlarged both lungs (B).

A B
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Materials and methods

We retrospectively reviewed fetuses whose prenatal diagno-
ses of CHAOS were postnatally confirmed at Asan Medical 
Center, Seoul, Korea, between 2010 and 2019. All fetuses 
underwent detailed high-resolution ultrasound examination, 
including echocardiography, during the prenatal period. They 
were all followed up after birth.

Prenatal data collected from the medical records of these 
patients included maternal age, gestational age at diagnosis, 
ultrasonography and MRI findings, the presence of poly-
hydramnios or fetal hydrops, and associated structural and 
chromosomal anomalies. Postnatal data included gestational 
age at delivery, birth weight, sex, mode of delivery, details 
of the EXIT procedure, peripheral oxygen saturation (SpO2), 
Apgar score at one and 5 minutes, duration of follow-up, 
Bayley scale scores of infant development, and whether sur-
gical correction was performed. CHAOS was diagnosed pre-
natally when both lungs were symmetrically enlarged with 
increased echogenicity (Fig. 1). Due to the enlarged lungs, 
the diaphragm was flattened or inverted, and the heart was 
anteriorly displaced (Fig. 1). MRI was performed to assess 

the extent of airway obstruction in fetuses with suspected 
CHAOS (Fig. 2). 

1. Ex utero intrapartum treatment procedure
In 2016, we initiated the EXIT procedure after recruiting a 
multidisciplinary team of obstetricians, neonatologists, an-
esthesiologists, and otorhinolaryngologists. Under general 
anesthesia, the mother underwent elective cesarean section, 
with a Pfannenstiel incision and transverse hysterotomy of 
the lower uterine segment. After delivery of the fetal head 
and thorax, the neonatologists initially attempted fetal in-
tubation. If that failed, the otolaryngologist immediately 
performed a tracheostomy. During the EXIT procedure, fetal 
SpO2 and heart rate were monitored, and warm saline was 
infused continuously into the uterus at a constant rate to 
prevent placental separation and umbilical cord compression. 
Following the tracheostomy, the umbilical cord was clamped 
and sectioned, and the infant was handed to the neona-
tologists. The placenta was then removed, and the uterus 
and abdominal wall were repaired layer by layer. The final 
diagnosis was confirmed by chest computed tomography 
or bronchoscopy. Brain ultrasonography was performed to 

Fig. 3. Flow diagram of fetuses diagnosed with congenital high airway obstruction syndrome (CHAOS). EXIT, ex utero intrapartum treat-
ment.

 Prenatally diagnosed CHAOS
(n=13)
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Delivery
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Expired
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(n=1)
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Tracheostomy
(n=5)
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evaluate hypoxic damage. Other associated anomalies were 
also evaluated. The Bayley scale scores of infant development 
were evaluated at an appropriate age.

2. Statistical analysis
Quantitative variables were expressed as medians with rang-
es, whereas categorical variables were expressed as frequen-
cies and percentages.

Results

Thirteen fetuses were prenatally diagnosed with CHAOS, of 
whom 6 were analyzed and 7 were lost to follow-up (Fig. 3).  
The prenatal characteristics of the fetuses with CHAOS 
are shown in Table 1. The median maternal age was 32 
years (range, 31–36 years), and all mothers were previously 
healthy. All 6 analyzed fetuses showed typical ultrasono-
graphic findings of CHAOS at a median gestational age of 
22.3 (range, 20.1–29.6) weeks. Two fetuses had congenital 
heart disease. Three fetuses underwent karyotyping with nor-
mal results. Due to claustrophobia, 2 women refused prena-
tal MRI. Of the remaining 4 fetuses who underwent prenatal 
MRI, an obstruction at the laryngeal level was suspected in  
3 fetuses. One fetus (case 3) showed no remarkable abnor-
mality of the upper airway on MRI performed at 36.4 weeks 
of gestation. However, the neonate was postnatally diag-
nosed with laryngotracheal agenesis.

The delivery details and postnatal outcomes are shown in 
Table 2. The median gestational age at delivery was 38.2 
weeks (range, 31.0–39.5 weeks), with 1 preterm delivery 
at 30.2 weeks of gestation because of preterm premature 
rupture of membranes. The median birth weight was 2,830 
g (range, 1,880–3,280 g), and the male-to-female ratio was 
2:1. All fetuses were delivered by cesarean section with the 
EXIT procedure, except for case 1 in which the fetus was 
born before the introduction of the EXIT procedure at our 
institution. The duration of the EXIT procedure, including 
tracheostomy, was at most 13 minutes, and tracheostomy 
alone took at most 5 minutes.

In case 1, intubation was attempted immediately after 
birth; however, it failed, and therefore tracheostomy was 
performed. The tracheostomy procedure lasted for 14 min-
utes. The heart rate was persistently <60 bpm during moni-
toring. Positive pressure ventilation (PPV) was performed for Ta
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15 minutes; nonetheless, due to persistent bradycardia post-
PPV, cardiac massage was performed for 5 minutes, thereby 
stabilizing vital signs. Fortunately, no abnormal findings were 
noted on brain ultrasonography. The patient underwent 
staged repairs of congenitally corrected transposition of the 
great arteries, pulmonary atresia, and ventricular septal de-
fect. The Bayley scale scores of infant development showed 
borderline cognitive and delayed motor developments at the 
age of 26 months. The patient is currently awaiting airway 
reconstructive surgery.

There was no evidence of hypoxic brain damage on brain 
ultrasound in any of the infants. Developmental testing 
was normal in 3 infants, except for the expressive language 
area. Case 4 exhibited developmental delay, but the patient 
had undergone several cardiac surgeries to repair a double-
outlet right ventricle with a ventricular septal defect. On 
Bayley developmental testing at 15 months, his cognitive 
and gross motor developments corresponded to those at 
10–13 months and 11–12 months of age, respectively. He 
died following a tracheostomy accident at 16 months of age. 
Another patient, case 6, also died due to a tracheostomy 
accident at 5 months of age when he was able to move his 
hands freely. The tracheostomy cannulas were self-removed 
during sleep. All 4 living children still require a tracheostomy 
without ventilator support. They are currently able to feed 
orally and are awaiting reconstructive surgery. Three children 
are now able to phonate. The patient in case 2, who had 
tracheal atresia, can now speak well enough to maintain a 
conversation.

Discussion

We found that the postnatal outcomes of fetuses prena-
tally diagnosed with CHAOS can be significantly improved 
by performing an EXIT procedure at birth. Although we did 
not perform an EXIT procedure in our first case, all infants 
were alive at birth, and those without multiple anomalies 
were developmentally normal at follow-up. Our experience 
shows that performing an EXIT procedure can secure the fe-
tal airway while minimizing hypoxic damage to fetuses with 
CHAOS. 

Although fetuses with CHAOS can survive after an EXIT 
procedure, the long-term postnatal outcomes have not been 
well documented so far. Previously reported cases regarding Ta
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the postnatal outcomes of fetuses with CHAOS who under-
went the EXIT procedure with at least 12 months of follow-
up are summarized in Table 3. Of 23 patients, 10 underwent 
reconstructive surgery at a median age of 24 months (range, 
16–48 months). Although there is no consensus on the tim-
ing of airway reconstruction, most surgeries were carried out 
or planned after 24 months of age. Since reconstruction,  
6 patients were able to be fed orally, but only 2 were able to 
speak. Of 8 patients who underwent developmental assess-
ment, 7 were developmentally normal and only 1 had mild 
developmental delay. Three patients died due to respiratory 
complications. Similarly, in our report, 2 patients died after 
self-removal of the tracheostomy cannula during sleep. These 
tragic events highlight that respiratory complications are the 
most critical causes of death in children with CHAOS, and 
therefore thorough supervision is required following trache-
ostomy.

Several fetal interventions, including airway decompression 
via fetoscopy, have been attempted to improve the associ-
ated fetal hydrops [12,13]. These interventions can affect 
the fetus in a manner similar to a tracheoesophageal fistula. 
These attempts may reduce the number of fetal demises 
or preterm births by resolving hydrops. However, only case 
reports regarding the procedure itself have been published, 
and the overall treatment efficacy is yet to be proven. Further 
studies are necessary to confirm the efficacy of prenatal in-
terventions.

Cases have been reported wherein the fetus had typical 
imaging findings of CHAOS during early gestation, which im-
proved in later gestation. Kuwashima et al. [14] reported the 
case of a fetus who was diagnosed with CHAOS at 24 weeks 
of gestation with typical findings and associated hydrops on 
MRI. However, the findings, except for laryngeal atresia and 
a dilated airway, all resolved on a follow-up MRI at 35 weeks 
of gestation. The baby was postnatally confirmed to have a 
subglottic obstruction with a tiny tracheoesophageal fistula 
on laryngoscopy. Roybal et al. [11] also reported 3 fetuses di-
agnosed with CHAOS who showed improvement in imaging 
findings in later gestation; 2 of them were found postnatally 
to have a pinhole-sized opening of the airway. From previous 
reports, it appears that a fistula tract or small opening in the 
airway might cause spontaneous regression of the typical 
prenatal findings of CHAOS.

However, Furukawa et al. [15] suggested that an improve-
ment of imaging findings was not always the result of fistula 

formation. They reported a case wherein serial MRIs were 
performed on a fetus with CHAOS at 22, 32, and 35 weeks 
of gestation. The first and the second MRIs showed typical 
findings of CHAOS, whereas the third MRI showed improve-
ment with no sign of a tracheoesophageal fistula. They sug-
gested that a change in pulmonary fluid secretion and ab-
sorption resulted in decreased lung size. Case 3 in our study 
also showed improvement in MRI findings at 36.4 weeks 
of gestation, and postnatal laryngoscopy did not show any 
signs of a fistula or small opening, which may support the 
theory of Furukawa et al. [15].

We evaluated the left ventricular cardiac functions of all 
fetuses to determine cardiac dysfunction occurrence and the 
modified myocardial performance index of all fetuses was 
within the normal range. These findings might be explained 
by fetal lung expansions that were not severe enough to 
affect cardiac function. Moreover, none of the fetuses devel-
oped hydrops that was severe enough to cause cardiac dys-
function. To date, no cases have been published on cardiac 
function in fetuses with CHAOS. Therefore, future studies 
should focus on the evaluation of cardiac function in fetuses 
with CHAOS.

Complete airway obstruction is difficult to correct because 
the risk of restenosis is high, and bilateral vocal fold paralysis 
is common. Generally, an appropriate development of the 
normal portion of the airway is a prerequisite for successful 
airway reconstruction, which is performed by partial cricotra-
cheal resection with a costal cartilage graft. The increase in 
the tracheal diameter and length is not always proportional 
to the patient’s age. Thus, an adequate age for correcting 
CHAOS remains unestablished [16]. The enrolled patients 
have been scheduled to undergo airway reconstruction at 5 
to 6 years of age after evaluation of airway development.

In conclusion, the proper management of CHAOS us-
ing the EXIT procedure results in a high survival rate while 
minimizing complications caused by hypoxemia, especially 
if there are no serious co-existing conditions. Therefore, an 
accurate prenatal diagnosis is crucial to achieve appropriate 
perinatal management. However, speech disorders, including 
expressive language, may exist even after surgical correction; 
thus, the infant’s quality of life must be considered before-
hand. Based on these investigations, appropriate information 
should be provided to parents for a mutual agreement with 
specialists on an appropriate treatment plan.
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