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Abstract: Mandibuloacral dysplasia (MAD; MIM 248370, 608612) is a rare progeroid syndrome with autosomal reces-

sive inheritance. It is characterized by mandibular hypoplasia, acroosteolysis, delayed closure of the cranial sutures, skin 

atrophy with mottled hyperpigmentation, stiff joints, and growth retardation. We here report Japanese female siblings with 

a severe MAD phenotype. Because of extreme micrognathia and small mouth and nostril, obstructive sleep apnea syn-

drome (OSAS) was observed in both sisters and was especially life-threatening in the younger sister. Nasal continuous 

positive airway pressure (nCPAP), which seemed to be only one therapeutic choice for these sisters since impaired bone 

healing made oral surgical approach including maxillomandibular advancement surgery inapplicable to these sisters, suc-

cessfully alleviated OSAS in both sisters. Since the initiation of nCPAP, the younger sister has gained weight constantly 

and her developmental milestones have been steadily achieved. We conclude that possible life threatening sleep-

disordered breathing in the patients with progeroid syndromes should be properly managed.  
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INTRODUCTION 

 Mandibuloacral dysplasia (MAD; MIM 248370, 608612) 
is a rare progeroid syndrome with characteristic manifesta-
tions including mandibular hypoplasia, acroosteolysis, de-
layed closure of the cranial sutures, cutaneous atrophy, 
lipodystrophy, joint contractures, and growth retardation [1]. 
Symptoms appear around four years of age in most MAD 
patients. In MAD patients, mutations in lamin A/C gene [2] 
or zinc metalloproteinase gene [3] have been reported, which 
is involved in prelamin A processing. Agarwal et al. reported 
a 7-yr-old girl with MAD having LMNA mutation belonging 
to a consanguineous pedigree [4]. These mutations lead to 
the accumulation of farnesylated form of prelamin A and 
disruption of the structural scaffolding for the cell nucleus 
[3]. Using mouse model, the investigation of pathophysiol-
ogy and therapeutic trials has been just started [5], however, 
at the moment, appropriate supportive care is crucial for im-
proving quality of life (QOL) of MAD patients.  

 Although facial features of MAD are risk factors for ob-
structive sleep apnea syndrome (OSAS), there have been no 
reports documenting co-morbidity and management of 
OSAS in MAD. Here, we report two Japanese female sib-
lings with a severe form of MAD. They are the first Japanese  
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cases and in both of them, potentially life-threatening OSAS 
was successfully treated by nasal continuous positive airway 
pressure (nCPAP) intervention. 

CASE REPORT 

 Cases 1 and 2 were born to healthy and unconsanguine-
ous parents. Mutations of zinc metalloproteinase gene were 
found in both cases [6]. Short stature and characteristic 
scleroderma were noted at birth, and most features of MAD 
became full blown before 6 months of age in both cases. 
Skeletal X-ray identifying multiple lambdoidal wormian 
bones and osteolysis of the distal phalanges confirmed the 
diagnosis of MAD.  

 Their mother noticed the elder sister (Case 1) snored 
when she was 6 months old, and witnessed cessation of 
breathing during sleep at the age of 3 years. At 3 years of 
age, Case 1 exhibited midface hypoplasia, severe microg-
nathia and small nostrils (Fig. 1A). Her blood pressure, 106 / 
70 mmHg, was mildly high for her age of three. Electrocar-
diogram, echocardiogram and hematological/blood chemical 
analyses were normal. Although her mental development 
was remarkably good, she was hyperactive and extremely 
stubborn. Sagittal images of cranial magnetic resonance 
(MR) indicated severe micrognathia as well as adenoid hy-
pertrophy (Fig. 1B). Mandibular fracture resulting from 
crowded teeth (Fig. 1C) was discovered by chance, and bone 
healing was severely delayed.  

 A standard overnight polysomnography (PSG) was per-
formed. We employed a thermister to measure air flow and 
apnea was defined as cessation of breathing for more than 
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two breaths in compliance with the American Thoracic Soci-
ety criteria consensus for children [7]. Upon confirming ap-
nea-hypopnea index (AHI) of 26.6 and desaturation index 
(DI: the number of respiratory events with oxygen desatura-
tion)  3% (Table 1), nCPAP was initiated with a belt-type 
headgear and Comfort nasal mask (ML size; Respironics, 
Murrysville, PA) as a full-face mask. Snoring and obvious 
apneas disappeared at the pressure of 12 cmH2O. nCPAP 
calibration was done on two consecutive nights with the first 
night for a diagnostic PSG and the second one for nCPAP 
calibration. AHI, DI, and arousal index associated with res-
piratory events (ArI) were remarkably decreased on nCPAP 
treatment (Table 1). Her blood pressure was normalized to 
80 / 46 mmHg. After the initiation of nCPAP, her hyperac-
tivity was improved and she became to be able to sit down 
for 1 hour and became a biddable child. Therefore, despite 
the lack of the objective evidence, we can assume that sleep 
disturbance lead to her behavioral problems before nCPAP. 
Subsequent adenotonsillectomy was performed at the age of 
5 years, yet, nCPAP treatment has remained indispensable. 

 As for the younger sister (Case 2), the features of MAD 
were already presented at birth. Since she showed severe 
respiratory distress, feeding difficulty and failure to thrive, 
she was admitted to our hospital when she was 6 months old. 
Remarkable respiratory effort and frequent obstructive apnea 
were observed concomitant with oxygen desaturation below 
80% and inability to maintain sleep for longer than one hour 
at a stretch. She was too hypotonic to hold her head up and 
seldom smiled. No tonsillar or adenoid hypertrophy was pre-
sent.  

 After an episode of severe aspiration pneumonia, nCPAP 
using Ultramirage (Shallow, ResMed) mask with a belt-type 
headgear was urgently initiated. As we used this mask as an 
full face mask, no significant leakage was identified. nCPAP 
resulted in control of snoring and episodes of SpO2 < 90% at 
the pressure of 8 cmH2O. She slept for 7-8 hours in one 
stretch and daytime respiratory distress completely disap-
peared. She had a severe failure to thrive; she was 4.1kg at 6-
month-old and her body weight gain is -1g/day during 1 

month just before initiating nCPAP. After nCPAP, her body 
weight increase 28 g/day. 

 Fitting of the masks was checked every month and most 
fitted one was selected according to the growth of the facial 
bones. Mandibular fracture caused by crowded teeth was 
also discovered in the regular follow-up.  

DISCUSSION 

 The cases presented here suffered from severe MAD. 
Review of their clinical courses disclosed that treatment of 
OSAS was crucial for MAD management. It has been re-
ported that major risk factors for OSAS in children include 
hypertrophy of the tonsils and adenoids, neuromuscular dis-
eases, obesity, and genetic craniofacial syndromes [7]. Mid-
face hypoplasia, small nostrils, and micrognathia in our cases 
comprise risk factors for OSAS [8], however, to the best of 
our knowledge, this is the first report documenting the man-
agement of OSAS in progeroid syndromes including MAD. 
Since one neonatal MAD case was reported to die from “ap-
noeic episodes” [9], it is plausible that the presence of sleep-
disordered breathing has been overlooked in progeroid syn-
dromes. 

 nCPAP has been documented to be effective in amelio-
rating pediatric OSAS, and especially in the cases when ade-
notonsillectomy fails to mitigate the condition, nCPAP is the 
only choice of treatment. In our cases, nCPAP treatment 
resulted in behavioral improvement, normalization of the 
blood pressure, elimination of life-threatening respiratory 
distress and achievement of physical and psychomotor de-
velopment. For these sisters, nCPAP was the only viable 
choice, since impaired bone healing (Fig. 1C) made an oral 
surgical approach including maxillomandibular advancement 
inapplicable [10]. Finally, efficient treatment by nCPAP 
might decrease the risk of the future cardiopulmonary com-
plications associated with OSAS [11], and lengthen the life 
expectancy of the potentially short-lived patients with 
progeroid syndromes. We are now following up more than 6 
years and now they are 11 and 8 year-old, and our cases en-
couraged pediatricians to look for the presence of sleep-

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). A: Photographs of sisters with MAD. Note their prominent eyes, midfacial hypoplasia, small nostril and mouth, and micrognathia. 

B: A sagittal image of cranial MR of the elder sister. Hypertrophied adenoid occludes upper airway (an arrow). Note the hypoplastic mandi-

ble (arrowheads). C: Computed tomography of the mandibular bone of the elder sister. S-I indicates a superior-inferior direction. Note the 

overcrowded teeth (the top panel) leading to the bone fracture (arrows in the center and the bottom panel).  
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disordered breathing in the patients with progeroid syn-
dromes. 
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ABBREVIATIONS 

OSAS = obstructive sleep apnea syndrome 

nCPAP = Nasal continuous positive airway pressure 

MAD = Mandibuloacral dysplasia 

PSG = polysomnography 
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Table 1. Changes in Sleep and Respiratory Parameters Before and After nCPAP in Cases 1 and 2 

Case 1 Baseline  Treatment 

Total sleep time (min)  397.0  563.5 

Sleep efficiency (%)  87.9  91.6 

% WASO  12.1 8.5 

% Stage 1  5.5 5.9 

% Stage 2  28.6  23.5 

% Stage 3  12.6  14.5 

% Stage 4  28.6  23.6 

% REM 12.6  24.0 

Apnea hypopnea index ( /h)  26.6 2.7 

in REM sleep  51.6 2.0 

in NREM sleep  22.4 2.9 

Apnea index ( /h)  11.0 2.2 

3% Desaturation index ( /h)  24.9 6.0 

% time SpO2<90% 2.3  0.1 

Arousal index ( /h)  11.9  7.3 

spontaneous  7.3  7.3 

associated with respiratory event  4.6  0.0  

in REM sleep 4.2 2.0 

in NREM sleep  13.2 2.9 

Case 2 Baseline  Treatment 

3% Desaturation index ( /h)  98.9 ± 15.7  15.6 ± 3.6 

% time SpO2<90% 14.9 ± 5.1  0.6 ± 0.1 


