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CHARGE syndrome

Coloboma
Heart defect
Atresia of choanae
Retardation 
(growth and development)
Genital anomalies
(delayed puberty)
Ear abnormality
(including deafness)

Birth incidence ~1/10,000 
CHD7 mutations (AD)

Balance disturbance, anosmia
and many other features

CT scan human head (horizontal)
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Cause of death in the neonatal period:
• Complex heart defects
• Bilateral choanal atresia
• Esophageal atresia
• Thymus aplasia � severe T-cell deficiency
• Brain anomalies 

CHARGE can be life threatening
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Multidisciplinary CHARGE outpatient clinic UMCG
Follow up of patients

�3 died suddenly after the neonatal period

Observation
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1. To estimate the incidence of post-neonatal death in 
CHARGE syndrome

2. To study the causes of post-neonatal death in 
CHARGE syndrome

3. To identify risk factors for premature death in 
CHARGE syndrome

Aims
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Retrospective collection of patients that died after 11 
months of age with definite CHARGE syndrome

Recruitment through:
• CHARGE outpatient clinic (n=3)
• Dutch patient organization (n=1)
• Database search UMCG genetics (n=1)

• Canadian database of Prof. Blake (n=2)
In total 7 patients

Methods
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1. Kaplan Meier survival curve of 48 patients that were 
seen at the CHARGE outpatient clinic

2. Chart review (to analyze cause of death)

3. Comparison of features of deceased and surviving 
CHARGE patients

Methods
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Results (1)

3/48 died (6.3%)

However cohort is 
biased

Kaplan Meier curve
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Results (2)

Patient A: died age 8 years, choked during eating 

History: esophageal atresia, ASD/VSD, brain anomalies, feeding and 
breathing difficulties, GERD, aspiration pneumonias 

Cranial nerve dysfunction: VII, IX, X

CHD7 mutation: frameshift

Gastro-esophageal reflux disease (GERD)

Swallowing - cranial nerves
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Results (2)

Patient B: died age 22 years, pneumonia – respirator y aspiration 
/ circulatory arrest

History: neonatal convulsions, cleft palate, feeding and breathing 
difficulties, GERD, aspiration pneumonias

Cranial nerve dysfunction: VII, IX, X

CHD7 mutation: frameshift
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Results (2)

Patient C: died 11.5 months, viral airway infection  - respiratory 
aspiration / circulatory arrest

History: neonatal convulsions, unilateral choanal atresia, feeding and 
breathing difficulties, GERD, barium swallow: abnormal

Cranial nerve dysfunction: VII, IX-X

CHD7 mutation: frameshift
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Results (2)

Patient D: died 14 months, respiratory aspiration /  circulatory 
arrest

History: esophageal atresia, complex heart defect, brain anomalies, 
feeding difficulties, GERD, aspiration pneumonias

Surgery Fallot’s tetralogy (13 months)

Cranial nerve dysfunction: IX-X
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Results (2)

Patient E: died 27 months, respiratory aspiration 

History: Fallot’s tetralogy, bilateral choanal atresia, feeding difficulties, 
GERD

Cranial nerve dysfunction: IX-X

Patient F: died 9 years, respiratory aspiration

History: epilepsy, DORV, unilateral CLP, unilateral choanal atresia, 
feeding difficulties, GERD, recurrent bowel obstructions

Cranial nerve dysfunction: V, VII, IX-X
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Results (2)

Patient G: died 14 months, postoperative complicati ons

History: DORV, bilateral choanal stenosis, brain anomalies, cleft 
palate, feeding and breathing difficulties, GERD, aspiration 
pneumonias

Cranial nerve dysfunction: IX-X

CHD7 mutation: nonsense
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Results (3)

0.074100%58%Feeding problems

0.029*67%17%Feeding + breathing 
problems + GERD

0.002*100%25%GERD

1100% (n=3)77% (n=17)Brain anomaly

0.08833%4%Esophageal anomaly

0.022*83%28%Heart defect

0.18583%48%Male gender

P-valueDeceased 
(<10 years)
n=6

Surviving
(>10 years)
n=25

Features
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Postneonatal demise is an underestimated complicatio n in 
CHARGE syndrome (3/48 in our cohort = 6.3%)

Important causes of death:
• Respiratory aspiration (CN defects) or circulatory arrest (CHD, brain 

anomaly)
• Postoperative mortality (CN defects)
• Choking (CN defects, corrected esophageal atresia)
(Literature: few reports, in agreement with our data)

Risk factors:
• Cranial nerve defects, feeding/breathing difficulties and GERD
• Congenital heart defects
• Possibly: brain abnormalities (3/7), esophageal atresia/fistula (2/7)

Discussion
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• No autopsy data!

• Cranial nerve dysfunction not systematically tested
• Complex disorder, other congenital defects could have 

contributed to the demise

Limitations of our study
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Overview

CN anomalies

Swallowing
difficulties

GERD

Respiratory aspiration Postoperative airway events

Choking

Death

Congenital
anomalies
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Assessment of CHARGE patients with feeding difficulties:
• Evaluation of CN function
• Swallowing studies, esophageal studies (GERD)
• Early treatment of swallowing problems or GERD 

(medication, surgery)
• When high risk of choking � educate home carers in 

Heimlich maneuver and CPR
• Careful preoperative assessment, longer surveillance 

after surgery (combine procedures whenever possible)

Recommendations

We are indebted to the families that cooperated in this 
study
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