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Abstract

Streszczenie

Congenital central hypoventilation syndrome is a very rare genetic disorder. The disease involves respiratory failure associated
with impaired central control of the breathing process. Hirschsprung’s disease is the cause of congenital intestinal obstruction
as a result of the agenesis of ganglion cells in the submucosal and myenteric plexuses. If congenital central hypoventilation
syndrome and Hirschsprung’s disease occur simultaneously, Haddad syndrome is diagnosed. A male infant was born at
37 weeks of gestation in a moderate general condition. Due to increasing respiratory effort and increased demand for oxygen,
the newborn was intubated and mechanically ventilated. During an extubation attempt, respiratory symptoms intensified,
and CO, was accumulating on blood gas test. Genetic tests revealed a mutation in the PHOX2B gene, which confirmed
congenital central hypoventilation syndrome. Lack of meconium and enteral nutrition intolerance were observed.
Hirschsprung’s disease was diagnosed on the basis of intestinal biopsy. Loop ileostomy was created at 5 weeks of life. Due to
coexistence of congenital central hypoventilation syndrome and Hirschsprung’s disease, Haddad syndrome was diagnosed.
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Zespot wrodzonej o$rodkowej hipowentylacji jest rzadkim zaburzeniem genetycznym, polegajacym na nieprawidlowej
wentylacji prowadzacej do niewydolnosci oddechowej w przebiegu uposledzonej osrodkowej kontroli procesu oddychania.
Choroba Hirschsprunga to czgsta przyczyna wrodzonej niedroznosci jelit, ktorej istota jest agenezja komoérek zwojowych
w splotach $rodsciennych jelita. Jedli zespot wrodzonej osrodkowej hipowentylacji i choroba Hirschsprunga wystepuja
jednoczasowo, rozpoznaje si¢ zespot Haddada. W pracy opisano przypadek chlopca urodzonego w 37. tygodniu ciazy,
w stanie ogolnym $rednim. Ze wzgledu na wysilek oddechowy, staby naped oddechowy i wzrost zapotrzebowania na tlen
pacjent zostal zaintubowany i byl wentylowany mechanicznie. Przy prébach ekstubacji utrzymywat si¢ staby naped
oddechowy. We $nie glebokim wystepowala zmniejszona liczba oddechéw, a w gazometrii kumulacja CO,. W badaniu
genetycznym stwierdzono mutacje w genie PHOX2B, co potwierdzilo zespét wrodzonej osrodkowej hipowentylacji. Pacjent
nie tolerowal Zywienia enteralnego oraz nie oddawat smoétki. Wykonano biopsje jelita, na podstawie ktérej rozpoznano
chorobe Hirschsprunga. Chlopiec zostal zoperowany z wyltonieniem ileostomii w 5. tygodniu zycia. Wobec
wspotwystepowania zespotu wrodzonej o$rodkowej hipowentylacji i choroby Hirschsprunga stwierdzono zespét Haddada.

Stowa kluczowe: choroba Hirschsprunga, klatwa Ondyny, zespot Haddada, zaburzenia oddychania, neurokrystopatia
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INTRODUCTION

[ :ongenital central hypoventilation syndrome
(CCHS), which is also known as Ondine€’s curse,
is a rare genetic disorder characterised by inade-

quate ventilation that leads to respiratory failure associat-
ed with impaired central control of the breathing process.
The primary manifestation of the disease is hypoventilation
during sleep, which can result in extremely low pulmonary
ventilation or complete respiratory arrest. In CCHS, there
is a relationship between the degree of hypoventilation and
the phase of sleep. In NREM (non-rapid eye movement)
sleep, respiratory symptoms are much more severe than
during REM (rapid eye movement) sleep”). The majority of
patients are found to have a PHOX2B (paired-like homeo-
box 2B) mutation®. According to the research available,
the global incidence of CCHS ranges between 1/148,000
and 1/1,200,000 live births®*. CCHS is one of neurocris-
topathies, i.e. a group of disorders occurring in vertebrates,
particularly humans, which are associated with abnormal
migration, differentiation and death of neural crest cells
during embryogenesis®.

Neurocristopathies also include Hirschsprung’s disease

(HD), which is a congenital developmental defect of the co-

lon characterised by the absence of parasympathetic gan-

glion cells in the submucosal and myenteric plexuses, and
of interneurons in the distal colon. HD is considered to be

a consequence of premature arrest of craniocaudal migra-

tion of vagal neural crest cells in the hindgut, which takes

place between 5 and 12 weeks of gestation to form the en-
teric nervous system.

Unlike in a number of developmental anatomical defects

of the intestines, HD is rarely diagnosed antenatally®.

In the majority of cases, the condition is diagnosed during

the neonatal period. A sign that should raise the suspicion

of HD is delayed passage of meconium, which is caused by
paralytic ileus. Other manifestations include abdominal dis-
tension, which can be mitigated by rectal stimulation or en-
ema, and vomiting®®. The incidence of HD is approximately

1/5,000 live births, with a male-to-female ratio of 3.2:1.1®.

If CCHS and HD are concurrent, Haddad syndrome is di-

agnosed. Despite a low number of documented cases of the

syndrome, a common aetiology is suggested for CCHS and

HD, which is associated with impaired development of the

neural crest®. In this paper, we present the case of a new-

born transferred to the Department of Neonatology of the

Paediatric Teaching Hospital, University Clinical Centre,

Medical University of Warsaw (DSK UCK WUM) from

a different centre for diagnostic investigation and treatment

of impaired breathing.

CASE REPORT
A male infant was born at 37 weeks of gestation by caesare-

an section. On the day before delivery, abnormal blood flow
was found in the umbilical vessels and intrauterine growth
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restriction was suspected. A decision was made to end the
pregnancy earlier by caesarean section. The child was born
in a moderate general condition with 6-7-9—8 Apgar scores
and a birth weight of 2,260 g (13" percentile).

Breathing problems

During the first hour of the infant’s life, impaired breath-
ing was observed: shallow breaths, falling oxygen satura-
tion and cyanosis. Supplemental oxygen therapy was ini-
tially used. Due to lack of improvement, non-invasive
nasal continuous positive airway pressure (n-CPAP) treat-
ment was applied. Since ventilation support was not effec-
tive (when oxygen delivery was increased to 80%, a max-
imum SpO, level of 85% was achieved), the neonate was
intubated and mechanical ventilation was started. The child
required a high oxygen delivery (fraction of inspired oxy-
gen, FiO,: 0.6-0.8).

Upon admission to the Department of Neonatology of DSK
UCK WUM, the newborn was in a severe general condition
with a decreased muscle tone. His heart rate was regular at
130 bpm. The first blood gas test revealed signs of respiratory
acidosis with a pH level of 7.0 and excessive accumulation of
CO, (partial pressure of carbon dioxide, pCO,: 117 mm Hg).
In the beginning, mechanical synchronised intermittent
mandatory ventilation (SIMV) was applied with the follow-
ing initial ventilator settings: f 27, PIP 17, PEEP 6, PS +11,
Ti 0.8 with oxygen delivery at FiO, 0.4-0.5. Ventilator set-
tings were modified based on blood gas and saturation val-
ues. Periodic episodes of decreased heart rate down to
80 bpm were observed. Due to bradycardia, continuous in-
fusion of pressor amines: dobutamine (at 5-10 pug/kg/min)
and dopamine (at 5 pg/kg/min) was administered. During
extubation attempts, persistently weak respiratory drive was
observed with up to 27 spontaneous breaths per minute.
The neonate remained on DuoPAP ventilatory support only
periodically, for 2-3 days.

Due to deteriorating respiratory failure (decreased breath-
ing rate during periods of reduced activity, down to as few
as 20 breaths per minute in deep sleep) and pCO, accu-
mulation (pCO, of 73.9 mm Hg on blood gas test), the
child required reintubation. Based on decreased respirato-
ry drive being the dominant problem, congenital central
hypoventilation syndrome was suspected. During hospital-
isation, genetic testing was conducted: a mutation in the
PHOX2B gene was detected, which confirmed the diagno-
sis of CCHS.

Due to the need for prolonged mechanical ventilation, on
day 50 of the child’s life a tracheotomy procedure was per-
formed and a tracheostomy tube was placed. This made it
possible for the boy to breathe spontaneously during pe-
riods of activity. During sleep, the patient’s respiration
was supported with DuoPAP without oxygen therapy, with
a guaranteed number of breaths at 30-35/min. The child
also required ventilation support during feeding and after it
due to increased fatigability.
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Fig. 1. Colonic ileus associated with HD on abdominal radiography

Gastrointestinal problems

Other dominant problems during the first days of the pa-
tient’s life included increasing abdominal distension and
lack of spontaneous passage of stool. The neonate also did
not tolerate enteral nutrition. The child did not pass meco-
nium, and this was achieved only after the administration
of enemas. Initially, total parenteral nutrition was provided
through a central line.

On day 6 of the newborn’s life, a plain abdominal radio-
graph was taken due to persistent abdominal distension
(Fig. 1). A large, distended sigmoid (sentinel loop) was vi-
sualised. Abdominal ultrasound examination revealed a lo-
cally distended bowel with a normal image and peristalsis
in the remaining part of the intestine, which indicated the
presence of paralytic ileus.

On day 16 of the neonate’s life, a lower gastrointestinal
tract series and subsequently colonic mucosal biopsy were
performed. Based on their results, HD was diagnosed.

At 5 weeks of life, ileostomy surgery was performed. From
day 5 after the operation, enteral nutrition was gradually in-
troduced, which became the only form of nutrition for the
boy from day 14. The mother’s milk was given, and if it
was absent, an infant formula was administered. The child
was initially fed through a nasogastric tube; subsequently,
a dummy was also used (up to 70-90 mL). It was not pos-
sible to increase the amount of food taken by mouth due to
significant fatigability of the child during feeding and in-
creasing respiratory failure.
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Since the patient was diagnosed with HD, he required fur-
ther care and surgical intervention at 10 months of age.
Under general anaesthesia, the transperineal stage of HD
treatment was performed. A 20 cm long fragment of the
abnormal intestine was resected. The level of normal in-
nervation was determined intraoperatively, which made
it possible to establish the level of anastomosis. Based on
the coexistence of CCHS and HD, Haddad syndrome was
diagnosed.

Neurological problems

In the first weeks of his life, the newborn was apathet-
ic with a decreased muscle tone. The patient was seen by
a neurologist and neurological examination revealed a very
low activity level of the child. The boy had a globally de-
creased muscle tone and bilateral foot clonus. The neonate
did not follow objects with his eyes and did not fix his gaze
on them. Magnetic resonance imaging of the central ner-
vous system revealed signs of demyelination.

In the first month of the boy’s life, a hyperreaction to sed-
atives was observed. During hospitalisation, the child had
one tonic-clonic seizure that required anticonvulsant treat-
ment (the child received a single 2.5 mg dose of diazepam
rectally).

The child’s activity, responsiveness to stimuli and mus-
cle tone were observed to gradually and slowly improve.
A follow-up electroencephalography did not record a pat-
tern characteristic for neonatal seizures.

Haematological problems

The patient was diagnosed with anaemia based on com-
plete blood count values: haemoglobin (HGB) — 8.2 g/dL.
(normal range: 13.5-16.5 g/dL), red blood cells (RBC) —
2.75 x 10%puL (normal range: 3.9-5.5 x 10%pL) and
mean corpuscular volume (MCV) — 92.0 fl (normal range:
87—-113 fl). During hospitalisation, the child received fil-
tered and irradiated packed red blood cells (15 ml/kg) three
times.
In the second month of the infants life, supplementation of
iron (5 mg/kg of body mass daily) and erythropoietic vita-
mins (folic acid: 1 x 2.5 mg daily and vitamin B, 1 x 25 mg
daily) was started.
From 7 weeks of life, erythropoiesis was stimulated by us-
ing epoetin beta (250 [U/kg of body weight 3 times a week).
As a result of the treatment, gradual improvement of red
blood cell values was observed on complete blood count
(CBC): HGB - 11.3 g/dL (normal range: 10.0-13.5 g/dL),
RBC —3.92 x 10%pL (normal range: 3.7-5.0 x 10%/uL) and
MCV —86.2 fl (normal range: 80-96 fl).

%
At 3 months of age, the patient was transferred to a centre
which provided home ventilation support services. The boy
remains under multispecialist care and undergoes regular ex-
aminations at ENT (ear, nose and throat) and surgical clinics.
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The child requires long-term physiotherapy. The parents were
instructed on taking care of a child with a tracheostomy tube.

DISCUSSION

Haddad syndrome is a very rare condition, which occurs
at a rate of less than 1/1,000,000 live births®. Haddad syn-
drome is diagnosed when two syndromes are found to
coexist: HD and CCHS. Diagnostic investigation of HD
should take into account not only its characteristic clini-
cal presentation and typical abnormalities on physical ex-
amination, but also imaging and anal manometry findings.
A diagnosis of HD can only be made with confidence on the
basis of histopathological examination of colonic mucosal
aspiration biopsy specimens'?.

CCHS is suspected when hypoventilation is observed in
a neonate. Genetic testing confirms the diagnosis. As in the
present case, patients with suspected CCHS need to be test-
ed for a PHOX2B gene mutation. Due to the fact that the
present patient’s respiratory centre does not respond to in-
creased carbon dioxide pressure in the blood, he will require
breathing support to the end of his life. For this purpose,
non-invasive DuoPAP ventilation through a tracheostomy
tube was used during sleep. It also allowed the patient to
breathe spontaneously during periods of activity. In patients
with CCHS, ventilatory support is always required during
sleep. It can also be considered for the time of activity de-
pending on the severity of the disease. Observations show
that a patient may require breathing support not only at
night, but during the day as well®".

Gastrointestinal problems are another important aspect
of Haddad syndrome patient care. HD is associated with
nutrition disorders leading to developmental problems.
It is important to balance nutritional deficiencies, including
with parenteral nutrition, if necessary. Ileostomy surgery is
also performed in order to decompress the aganglionic seg-
ment of the colon. The next stage of surgical treatment in-
volves the excision of that segment and attachment of the
colon stump to the rectum?, as was done in the present
case. After the procedure, parenteral nutrition should be
replaced with enteral nutrition via a nasogastric tube or by
mouth.

Complications of CCHS include cardiological problems
associated with hypoventilation, which leads to hypoxia.
As a result, patients have episodes of bradycardia, asystole,
low daytime blood pressure, orthostatic hypotension and
syncope"®. Due to these complications, patients require
specialist cardiological care, including cardiac stimulator
implantation in some cases.

CONCLUSIONS

Haddad syndrome is a very rare disorder. However, it
needs to be taken into account in all neonates and infants
with persistent respiratory failure, constipation and de-
layed passage of meconium, especially if no pulmonary
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manifestations, congenital heart defects and muscular or
neural pathologies are involved. A clinical diagnosis is dif-
ficult to make; however, genetic testing provides an answer
in the majority of cases. Currently, it is not possible to cure
Haddad syndrome. Further research to develop new thera-
peutic methods is necessary, which could contribute to in-
creased survival of children with this condition.
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