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Abstract

Congenital high airway obstruction syndrome (CHAOS) is a rare congenital anomaly involving the upper airways (trachea, larynx).
It is a life-threatening condition whose true incidence is unknown. The obstruction may be due to tracheal/laryngeal atresia, stenosis,
or the presence of a mass lesion. Prognosis is poor, generally resulting in stillbirth or intrauterine fetal demise. Ex utero intrapartum
treatment (EXIT) is possible if the condition is detected early. We present a case of CHAOS diagnosed during a second-trimester

anomaly scan with postmortem confirmation and literature review.
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INTRODUCTION

ongenital High Airway Obstruction syndrome

(CHAQS) is a rare, life-threatening anomaly
defined as upper airway atresia or aplasia with distal airway
dilatation, expanded lungs, fetal hydrops, and ascites [1].
This anomaly may also be due to intrinsic or extrinsic
compression of the airway by cervical tumours [2]. The
clinical condition was first coined by Hedrick in 1994 [3],
and is usually caused by atresia of the trachea or larynx.
Laryngeal atresia, however, remains the commonest cause
[4]. The clinical outcome of this condition is poor and most
cases result in stillbirth [1]. Due to the advances in prenatal
imaging, namely Magnetic Resonance Imaging and
improved ultrasonography equipment resolution [5],
prenatal diagnosis is possible, making management options
such as ultrasound-guided intrauterine management, ex
utero intrapartum treatment, and medical termination of
pregnancy possible. Sonographic features include enlarged
hyperechogenic lungs, inverted diaphragm, fetal ascites,
and fetal hydrops [6]. We report a case of CHAOS
diagnosed during a routine anomaly scan. Though rare,
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more than 100 case reports have been reported in the
literature [7]. To the best of our knowledge, this is the first
case report in Ghana and our literature search did not yield
any results for West Africa.

CASE PRESENTATION

A 29-yr. old female with Gravida 3 para 1 and 1
spontaneous abortion (G3P1+1SA) at 21 wk presented to
the Obstetric Emergency Unit with complaints of reduced
perception of fetal movement and rib pain for about a
month. There was neither bleeding per vaginum nor urinary
symptoms. The booking visit was at 11 wk and 5 days and
an ultrasound scan done showed a single live intrauterine
gestation. She had had three antenatal visits and the
pregnancy had been uneventful until the complaint. She had
been taking the pregnancy supplement Pregnacare®
(Vitabiotics, UK), and had received one dose of
sulphadoxine—pyrimethamine for malaria prophylaxis. The
patient disclosed no use of herbal medication, no drug
allergies, no alcohol use, cigarette smoking, or recreational
drug use. There was no significant personal or family
history of congenital disorders, diabetes, hypertension, or
other medical conditions. Her first pregnancy was 6 yr. ago
and uneventful. The baby was delivered by spontaneous
vaginal delivery at 38 wk, and the child is alive and well.
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The second pregnancy was 1 yr. ago at 8 wk, culminating
in spontaneous incomplete abortion managed by an
evacuation of the uterus that had no post-procedure
complications. Products of conception were not sent for
histopathological assessment and the cause for the
pregnancy loss was not ascertained. On examination, the
patient was stable and not in obvious pain; vitals on
presentation ~ were  within  the normal  range.
Symphysiofundal height was 19 cm — which was
compatible with gestational age — and fetal heart rate was
124 bpm. Urine dipstick was unremarkable. An anomaly
scan was requested. The ultrasound showed a single live

fetus with an average estimated gestational age of 21 wk
with bilaterally enlarged echogenic lungs that compressed
the heart and displaced it centrally. The four heart chambers
were visualized and appeared normal (Plate 1). Both
hemidiaphragms were inverted with mild tracheal dilatation
and massive fetal ascites (Plate 2a). Color Doppler revealed
absent flow in the dilated trachea (Plate 2b). Also noted
were subcutaneous oedema and increased nuchal fold
thickness consistent with fetal hydrops. The amniotic fluid
was significantly reduced with an index of 5.2 cm and
below the 5™ percentile for the corresponding gestational
age. The cerebellum, upper lip, spine, gastric bubble, both

Plate 1: Sagittal fetal sonogram showing bilateral enlarged
echogenic lungs ‘L’, compressing, and displacing the
heart ‘H’ centrally. The left ventricle and left atrium are
showing (x 2 magnification)

Plate 2: (a) Transverse sonogram of both hemidiaphragms ‘D’ are
inverted with mild tracheal dilatation ‘T* and massive
fetal ascites (b) Colour Doppler revealed absent flow in
the dilated trachea. The Colour Doppler sonogram also
shows absent flow in the dilated trachea “T’. Sonograms

at x 2 magnification
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kidneys, urinary bladder and the limbs were normal. The
placenta was in the upper posterior location and appeared
normal. Abdominal circumference was not measured due to
the presence of fetal ascites. Based on the above ultrasound
findings, the diagnosis of CHAOS was made. The couple
were counselled in detail regarding the diagnosis, prognosis
(likelihood of intrauterine fetal demise and poor post-
delivery outcomes), and available management options.
The couple opted for an elective medical termination of the
pregnancy to be performed. Medical termination of

pregnancy was done using the International Federation
of Gynecology and Obstetrics recommended misoprostol
only regimen appropriate for the gestational age. A female
fetus was delivered weighing 800 g with generalized
oedema of the skin and gross abdominal distension (Plate
3). At postmortem, a well-preserved, pink, non-syndromic
female fetus 800 g was seen with generalized skin and
subcutaneous tissue oedema as well as an abdomen
distended by fluid (Plate 3). Internal findings revealed clear
serous ascites with scanty pericardial and pleural effusions.

Plate 3: Gross image of a well-preserved, pink, non-syndromic
female fetus 800 g with generalized skin and
subcutaneous tissue edema as well as distended

abdomen by fluid

?’f*«"“"- %

Plate 4: Gross image of the lungs show enlarged lungs with
surface rib markings

Plate 5: Gross image of the trachea showing stenosis of the distal
trachea and lacking the usual cartilaginous rings in this
segment, making it difficult to probe through the
bifurcation into the bronchi

Plate 6: Haematoxylin and eosin-stained photomicrograph (x 100
magnification) showing increase in the number and size
of airspaces
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The lungs were enlarged, showed surface rib markings
(Plate 4) and splinted the diaphragm with the central
placement of the heart. The oesophagus was patent and no
fistulous connection with trachea was seen. The distal end
of the trachea was stenosed (Plate 5) and lacked the usual
cartilaginous rings in this segment, making it difficult to
probe through the bifurcation into the bronchi.
Photomicrograph showed an increase in the number and
size of airspaces (Plate 6). These findings were consistent
with high airway obstruction secondary to tracheal stenosis
with non-immune hydrops fetalis.

DISCUSSION

Congenital high airway obstruction was first reported in
1989 by Arizawa et al. [8]. The term was subsequently
coined in 1994 by Hendrick [9]. This rare condition often
has a lethal outcome and is mostly caused by laryngeal
atresia [9]. Other causes include subglottic stenosis,
laryngeal masses (tumours and cysts), tracheal atresia or
stenosis (as observed in the index case), and tracheal or
laryngeal webs [2] Due to the upper airway obstruction,
there is compensatory hyperplasia of the lung tissues with
resultant overgrowth of the lungs [2]. Prenatal ultrasound
plays a vital role in the diagnosis of CHAOS. The
constellation of features are enlarged hyperechogenic
lungs, inverted diaphragms, compression and midline
displacement of the heart, and fetal ascites [1-5,9] similar
to the features observed in our index case and hitherto
reported represent the commonest form of the disease
[1,2,10]. Liquor volume abnormalities may also occur
depending on the gestational age and change in the
physiological mechanism of fetal swallowing. The index
case had oligohydramnios. Although polyhydramnios is
commonly seen, later in the pregnancy, because there is
compression of the oesophagus and thus reduced fetal
swallowing, = some  researchers  have  reported
oligohydramnios [11]. The compensatory hyperplasia of
lung tissue is responsible for the sonographic lung
appearance. The enlarged lung may also compress the
superior and inferior vena cavae, compromising venous
return and resulting in fetal ascites and hydrops fetalis
[2,10]. Sonographically, it is difficult to accurately predict
or detect the exact cause, however, Kalache et al. [10].
demonstrated that the use of Color Doppler during
respiratory movement may be helpful as a dilated trachea
will not demonstrate flow on Doppler. It is known that fetal
magnetic resonance imaging provides a better delineation
of the location, level, and length of obstruction [11]: this
was not done, however, as no fetal surgical intervention was
planned.

The CHAOS may be associated with genetic disorders,
which usually indicate a more severe form of the disease
and all cases, therefore, require detailed evaluation because
of the possibility of inheritance in future pregnancies.
Common  syndromes include Fraser syndrome,
Chromosome 5p deletion (cri-du-chat syndrome),
velocardiofacial syndrome, short rib polydactyly, and

partial trisomy 5 and Chromosome 16q [12]. The index case
had no additional gross anomalies such as urogenital
defects, syndactyly, or cryptopthalmos, thus excluding a
syndromic association. The genetic karyotype, however,
could not be determined due to restrictions created by the
COVID-19 pandemic. Often, a CHAOS must be
differentiated from other extrinsic causes of tracheal or
laryngeal obstruction. These were ruled out during the
autopsy of the index case. A variant of CHAOS has been
reported in which there is some decompression of the
respiratory tract and resolution of the underlying pathology
due to a minor pharyngo- or laryngo-tracheal
communication [2,13,14]. This, however, does not equal
resolution of the underlying pathology. Majority of
reported cases have a total or near-total obstruction that
often leads to fatal outcomes, which usually occur 20 - 23
wk, which is usually when the pregnancies are electively
terminated [9,10]. The prognosis for CHAQOS depends on
the gestational age, presence or absence of hydrops,
location of the blockage, type of malformation causing the
airway obstruction, presence of other birth defects [15], and
availability of surgical personnel with requisite skills. The
index case was diagnosed at 21 wk of gestation and rapidly
progressed to hydrops in 1 wk. In the setting where
antenatal fetal surgery is unavailable, the possibility or risk
for progression to intrauterine fetal death or death shortly
after delivery is high. Ex utero intrapartum treatment has
been successful for cases with a laryngeal obstruction that
survive till the third trimester. The procedure is often
carried out at 35 wk during the caesarean section when the
fetal head and upper chest are delivered, and the baby is on
placental support. Laryngoscopy is performed to confirm
the diagnosis, followed by tracheostomy, surfactant
administration and mechanical ventilation [11-13,15,16].
Although CHAOS is rare, it is not equivalent to fetal death.
Early antenatal sonographic diagnosis coupled with
multidisciplinary team involvement and appropriate fetal or
perinatal interventions can lead to a good overall outcome.

Conclusion

In conclusion, congenital high airway obstruction
syndrome is a rare cause of upper airway obstruction which
is not compatible with life in the absence of perinatal
intervention.  Antenatal sonographic imaging has
characteristic findings that can help in establishing an
accurate early diagnosis. Magnetic resonance imaging is
used as an adjunct diagnostic tool, particularly if fetal
intervention is planned. In the absence of requisite surgical
skills and in a resource-limited environment, counselling
and medical termination will save the couple the emotional
trauma of carrying the pregnancy to term, ending up in
stillbirth.

DECLARATIONS

Ethical considerations
Informed consent was obtained from the patient for this case
report. They also consented to the postmortem. The case

Copyright © 2020 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.
This is an Open Access article distributed under the Creative Commons Attribution 4.0 License.

30" [DUINOLISY MMM //:Sdpgy ISGOM INO WOIJ SI[OIIB PEOJUMOP JO JISIA



share , ﬁ m

Prenatal ultrasound diagnosis of congenital high airway obstruction Send us an email: info@hsijournal.org

Jimah et al., 2020. http://doi.org/10.46829/hsijournal.2020.12.1.2.144-148 https://www.hsijournal.org

does not contain any information that could lead to the
traceability of the patient. The study images were used with
consent from RAAJ Specialist Scan Ghana Limited, Cape

Coast, Ghana. 6. Garg M (2008) Case report: Antenatal diagnosis of congenital
. high airway obstruction syndrome - Laryngeal atresia. In: Indian
Consent to publish Journal of Radiology and Imaging. pp 350-351
All aUthorS consented to the publication of the 7. Kanamori Y, Takezoe T, Tahara K, Watanabe T, Ohno M,
manuscript. Tomonaga K, Ogawa K, Hishiki T, Fujino A, Ozawa Y, Amari
di S, Fujinaga H, Ito Y, Miyazaki O, Morimoto N, Sugibayashi R,
Funding Ozawa K, Wada S, Sago H (2017) Congenital high airway
None obstruction syndrome (CHAOS) combined with esophageal
. atresia, tracheoesophageal fistula and duodenal atresia. J Pediatr
Compet_lng Ir_lterests Surg Case Reports 26:22-25. https://doi.org/10.1016/
No conflict of interest was reported by the authors. j-epsc.2017.08.021
Author contributions 8. Gilboa Y, Achiron R, Katorza E, Bronshtein M (2009) Early
; : : sonographic diagnosis of congenital high-airway obstruction
BJJ conceived the topic, designed the_protocol, performed syndrome. Ultrasound Obstet, Gynecol. 33:731 733
the ultrasound scan, drafted, and edited the manuscript.
TAM and EGT counselled, managed the patient, drafted, 9. Hedrick MH, Ferro MM, Filly RA, Flake AW, Harrison MR, <
reviewed, and edited the manuscript. KUA performed the g;r?(tjtroﬁinI(cckHﬁo(slﬁg,? p%?:r?t‘i“’;“?(')rhr:g:‘ingg‘l"’?r{te(r’b’:gt‘iﬁﬂog 2
i i i : . o
autopsy, reviewed, and edited the manuscript. BDS and DA~ pegiar ™ surg 29:271.274.  hitps:/idoi.org/10.1016/0022-
drafted, reviewed, and edited the manuscript. All authors 3468(94)90331-X 5
read and approved the final version of the manuscript. . . §
10. Kalachie KD, Chaoui R, Tennstedt C, Bollmann R (1997) =
Acknowledgements Prenatal diagnosis of laryngeal atresia in two cases of congenital g_
Authors wish to acknowledge the contributions of RAAJ '1“7927?"5";"13’ h‘t)tbSt_chtj")_n Sl;i‘g'f(')‘a‘;/ ggﬁﬁ?& i U
Specialist Scan, Department of Obstetrics and Gynaecology 176 <5;7__ AID_E%QO(;';BQCOZZ_M (SIC1)1097- ( ) 8
and Department of Pathology of the Cape Coast Teaching o R ‘ 2
Hospital for contribution in managing the patient. 11. Joshi P, Satija L, George RA, Chatterjee S, D’Souza J, Raheem
A (2012) Congenital high airway obstruction syndrome- g
Availability of data antenatal diagnosis of a rare case of airway obstruction using 2
All relevant data are provided in the manuscript. The ~ Tulimodality fmaging. Med ) Armed Forces India 68:78-80. 5
published data is available from the corresponding author on ps-/idor.orgrin. -1237(11)60111- £
a reasonable request. 12. Artunc Ulkumen B, Pala HG, Nese N, Tarhan S, Baytur Y (2013) &
Prenatal Diagnosis of Congenital High Airway Obstruction =
Syndrome: Report of Two Cases and Brief Review of the =
REFERENCES Literature. Case Rep Obstet Gynecol 2013:1-4. https://doi.org %
[
1. Sanford E, Saadai P, Lee H, Slavotinek A (2012) Congenital high 110.1155/2013/728974 X
airway obstruction sequence (CHAOS): Anew caseandareview 13 vanhaesebrouck P, De Coen K, Defoort P, Vermeersch H, §
of phenotypic features. Am J Med Genet Part A 158A:3126- Mortier G, Goossens L, Smets K, Zecic A, Vandaele S, De Baets =
3136. https://doi.org/10.1002/ajmg.a.35643 F (2006) Evidence for autosomal dominant inheritance in =
2. Vidaeff AC, Szmuk P, Mastrobattista JM, Rowe TF, Ghelber O D e ast non o 105:706-708. 5
(2007) More or less CHAQS: Case report and literature review ps:/idot.org/10. S haad "z §
suggesting the existence of a distinct subtype of congenital high 14, Bui TH, Grunewald C, Frenckner B, Kuylenstiema R, Dahlgren &
airway obstruction syndrome. Ultrasound Obstet Gynecol G, Edner A, Granstrom L, Selldén H (2000) Successful EXIT ¢
30:114-117 . https://doi.org/10.1002/u0g.4007 (Ex Utero Intrapartum Treatment) procedure in a fetus diagnosed o3
3. Roybal JL, Liechty KW, Hedrick HL, Bebbington MW, Johnson greneitallly with (I:ontgen_ltal Ih!grllz-alrway og)structllonf Sg”g.mtme
MP, Coleman BG, Adzick NS, Flake AW (2010) Predicting the S“e 0 i'r}’”gelf a ni/SIai ”('3 E’L‘)peagzs"“gg‘g or Fediatric
severity of congenital high airway obstruction syndrome. J urgery. Hippokrates Verlag GmbH, pp 328
Pediatr Surg 45:1633-1639. https://doi.org/10.1016/j.jpedsurg. 15 DeCou JM, Jones DC, Jacobs HD, Touloukian RJ (1998)
2010.01.022 Successful ex utero intrapartum treatment (EXIT) procedure for
: congenital high airway obstruction syndrome (CHAOS) owing
4 Shgrma R, Dey AK, 'Alan_w S, Mittal K, Thakkar H (2016) A to laryngeal atresia. J Pediatr Surg 33:1563-1565.
series of congenital high airway obstruction syndrome - classic hitos://doi ora/10.1016/S0022-3465(98)90500-0
imaging findings. J Clin Diagnostic Res 10:7-9. https://doi. ps./idot.org/10. . (98) B
0rg/10.7860/JCDR/2016/15243.7463 16. Cincinnati Fetal Centre EXIT to Airway Procedure | CHAOS |

5. Guimaraes CVA, Linam LE, Kline-Fath BM, Donnelly LF,
Calvo-Garcia MA, Rubio El, Livingston JC, Hopkin RJ, Peach
E, Lim FY, Crombleholme TM (2009) Prenatal MRI findings of

fetuses with congenital high airway obstruction sequence.
Korean J Radiol 10:129-134. https://doi.org/10.3348/Kkjr.
2009.10.2.129

Fetal Care Center. https://www.cincinnatichildrens.org/
service/f/fetal-care/conditions/chaos/exit-airway. Accessed 15
Dec 2020

Thank you for publishing with

siHSIs

Health Sciences
Investigations

Journal

Copyright © 2020 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.
This is an Open Access article distributed under the Creative Commons Attribution 4.0 License.



