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Abstract 
The authors describe a neonate who was diagnosed with "perinatal hypophosphatasia". The 

clinical manifestations in this patient were small head size, soft calvarium (caput membranaceum). 
and short bowing forearms and legs. Laboratory investigations revealed hypercalcemia at 12.7 
mg/dl, hyperphosphatemia 8.6 mg/dl, and extremely low alkaline phosphatase 0 unit!L. Roentgeno­
graphic studies of the skull showed calcification only at frontal bone and base of the skull. Spines 
were small and flattened. Long bones were hypomineralized and deformed. The functions of alkaline 
phosphatase to Q_one development and mineralization were reviewed. Because perinatal hypophos­
phatasia is a fatal condition and inherited as an autosomal recessive pattern, prenatal diagnosis is 
necessary. The most reliable and suitable method in our facility is serial ultrasonography 
from which the diagnosis can be made by the second trimester. 
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Hypophosphatasia is a rare inherited 
metabolic bone disease characterized clinically by 
defective bone mineralization and biochemically by 
deficient tissue non-specific alkaline phosphatase 
activity( I ,2). There are six clinical types of hypo­

phosphatasia which vary in severity : perinatal, in­
fantile, childhood, adult, odontohypophosphatasia, 
and pseudohypophosphatasia(3,4). 

The most severe form of hypophosphata­
sia is the perinatal type which is expressed in utero 
with profound skeletal hypomineralization( I ,4). 

This disorder can cause intrauterine death. still­
birth, or neonatal death. It is inherited as an autoso­
mal recessive trait. The prevalence is approximately 
1/100,000 livebirths(5). 

We report here a newborn with perinatal 
hypophosphatasia. The importance of alkaline phos­
phatase in skeletal mineralization is reviewed. 

CASE REPORT 
The patient was a Thai male neonate born 

to a G2 Po A 1 28-year-old mother and 30-year-old 
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Fig. 1. Patient phenotype. Facial appearance was 
normal. Note short deformed forearms. 

father who were unrelated. The first pregnancy, 3 
years ago, ended with criminal abortion. The mother 
had no history of alcohol, cigarette or drug expo­
sure. The patient was born at term by Caesarean 
section due to breech presentation. Birth weight 
was 3,250 g. Apgar scores were 9 and 10 at I and 5 
minutes, respectively. The patient was noted to 
have short and bowing limbs. Birth length was 45 
em and head circumference was 33 em. Physical 
examination revealed normal facial appearance. 
The calvarium was soft with only the frontal bone 
palpable. Chest wall was normal. The forearms 
and lower legs were short with anterior bowing 
(Fig. I) . The rest of the physical examination was 
unremarkable . 

Laboratory investigation revealed normal 
electrolytes, but serum calcium and phosphorus 
were elevated at 12.9 mg/dl and 8.6 mg/dl, res­
pectively. Roentgenographic study of skull bones 
showed that mineralization was present only at 
frontal bones and base of the skull (Fig. 2). The 
spines were small and flattened. Generalized hypo­
mineralization was seen in the long bones. At 7 

days of age, serum calcium was still elevated at 
12.0 mg/dl, phosphorus 7.5 mg/dl and alkaline 
phosphatase 0 unit/L. BUN was 8.9 mg/dl , creati­
nine 0.42 mg/dl, and albumin 4.5 g/dl. Serum 
levels of alkaline phosphatase done at days 8 and 
9 were still at 0 and 0 unit/L. The diagnosis of the 
perinatal form of hypophosphatasia was made on 
the basis of clinical , laboratory , and roentgeno­
graphic findings . The patient died at 12 days of 
age from respiratory failure. 

DISCUSSION 
The clinical manifestation of skeletal hypo­

mineralization in our patient was present at birth 
which suggested that the defect of skeletal minera­
lization started in utero. The differential diagnosis 
for intrauterine hypomineralization were achondro­
genesis type I, fibrochondrogenesis, osteogenesis 
imperfecta type II , and perinatal hypophosphata­
sia( I ,2). The patients with three former syndromes 
usually have characteristic facial dysmorphism such 
as flat facies, low nasal bridge, micrognathia, and 
extremely small stature associated with severe bone 
deformities. Large cranium is found in patients 
with achondrogenesis and fibrochondrogenesis. In 
osteogenesis imperfecta type II, the patients usually 
have dark or blue sclerae and a beaked nose. The 
primary etiology causing these three syndromes is 

Fig. 2. Roentgenographic finding of skull. Note 
the presence of mineralization only at fron· 
tal bone and base of skull. 
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a defect in collagen synthesis and function, result­

ing in secondary impairment of skeletal minerali­
zation. In our patient, facial appearance was nor­

mal, the head was relatively small, and limb defor­

mity was not extremely severe. The absence or 

extremely low level of serum alkaline phosphatase 

associated with hypercalcemia in our patient is an 
important clue that led to the diagnosis of perinatal 

form hypophosphatasia. 
The clinical evidence of skeletal hypomi­

neralization in patients with hypophosphatasia indi­
cates that alkaline phosphatase is important for 
skeletal mineralization(! .4). In man, there are 

4 alkaline phosphatase (ALP) isoenzymes encoded 
by 4 distinct gene loci(6,7). Three of the ALP iso­

cnzymes are each expressed in a tissue specific 

distribution and are named according to its specific 
tissue as intestinal, placental, and germ cell ALP. 
The fourth ALP isoenzyme is ubiquitous, but 
especially abundant in hepatic, skeletal, and renal 
tissue. Thus, the liver/bone/kidney ALP is also 

called tissue non-specific ALP (TNSALP). In nor­

mal adults, most of the TNSALP in serum reflects 
about an equal amount of TNSALP from liver and 
bone(S). In growing infants and children, serum is 

rich in the bone form of TNSALP resulting in 
much higher levels of ALP than in adults. 

The biological functions of TNSALP are 

numerous such as hydrolysis of phosphate ester, 

transferase action of steady state levels of phos­
phoryl metabolites, and regulation of inorganic 
phosphorus mctabolism(6,7). The three main sub­
strates for TNSALP function are pyridoxal-5-phos­
phatc (PLP), inorganic pyrophosphate (PPi), and 
phosphoethanolamine (PEA)(3,4). Therefore, defi­

ciency of TNSALP results in the elevation of these 

three substrates. The accumulation of PPi, a potent 
inhibitor of hydroxyapatite crystal growth, is an 

explanation for defective mineralization of bone 

and cartilage in patients with hypophosphatasia. 

Hypophosphatasia has been classified into 
6 formsC3Al. The age at which lesions are mani­
fested in the bone can distinguish the perinatal, 
infantile, childhood, and adult types from each 
other. Odontohypophosphatasia is classified in 
patients who have only dental manifestation with­
out bony involvement(9). The term "pseudohypo­
phosphatasia" describes the hypophosphatasia 
variant in patients who have clinical, radiological, 

and biochemical resembling infantile hypophospha­
tasia, but serum ALP is in the normal range( I 0.1 I ) . 
The prognosis for these six forms of hypophos­

phatasia depends upon the severity of the skeletal 

disease which reflects the age at presentation. The 

earlier the skeletal symptoms manifest. the more 
severe the diseaseC3A). The most severe hypophos­
phatasia is the perinatal form in which the disease 

occurs in utero and the infant is usually stillborn. 
or expires a few days after birth from respiratory 
failure. Profound skeletal hypomineralization 
results in "caput membranaceum" (membrane-like 
calvarium) and short deformed limbsCll. 

The diagnosis of perinatal hypophospha­

tasia can be made confidently when the patient 

has consistent clinical findings. radiological 

changes and low !eve! of serum ALP(3J. The ele­
vated levels of 3 substrates for TNSALP ( PLP. 
PPi, PEA) support the diagnosis of hyrophosrha­
tasia, but arc not pathognomonic since the clna­
tion of these substrates can occur in a \·aricty of 
metabolic bone diseases( 12). Currently. the molecu­

lar study of hypophosphatasia can be used for diag­
nosis. The gene for TNSALP is known to he located 
near the tip of chromosome I (I p36.1-p34 )I I 3 l. 

The gene comprises more than 50 kb of DNA and 
contains 12 exons(l4). More than 10 points of mis­

sense mutations have been reported( 15 l. 

Perinatal hypophosphatasia is a fatal 

disease. Survival may be extended by intensive life 
support. Enzyme replacement therapy hy intra\'C­
nous infusion of normal plasma. or the plasma of 
patients with Paget disease did not lead to clinical 
improvement( 16, 17). These observations suggest 

that the local tissue levels of ALP are greater than 

in circulation or that ALP must be present locally in 

the skeleton to be physiologically active for mincra­
lization(l8). This hypothesis is supported by the 

hypomineralization of perinatal hypophosphatasia 

in which there is abundant placental ALP in the 
mother and amniotic tluid. but it can not protect 
the fetus from the disease. 

Hypophosphatasia is an autosomal reces­
sive inherited disease. Hence, prenatal diagnosis is 
recommended. Serial ultrasonography with careful 

attention to the skulls and limbs is the most relia­
ble method, but the abnormalities are clearly evi­

dent in the second trimesterC3A l. Recently. Warren 
et al reported a case in which the diagnosis was 
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made in the first trimester by using a specific 
monoclonal antibody for TNSALP that would not 
cross react with placental ALP on a chorionic vil­
lous specimen( 19). However, the specific mono-

clonal antibody is not usually done in Thailand due 
to the scarcity of diseases. Hence. prenatal diagno­
sis by serial ultrasonography is recommended at the 
present time. 

(Received for publication on February 6. 1'!98) 
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rJtJ 1tlvJm~vhL 'YlL~tJ fil11~Nlfl'l!'llfl'UDtJ'lftJ~ t)~'"n lmf vJfl~vJlL 'Yl~ ~fln11~il~ 
n1::~n 

" 

'lltJ~l'\JcJthtJ'Yll'lnLL'lnLfi(1} 1 'llti~M-lum'l'i'U"l.rtJ-hd]u pennata! hypophosphatas1a l'lll~W\iltln&i 

Y1-wu1ucithti'lltJif 1~LLri "'h'l!l::'lJ'\Jl\ilL~n n:: t ~1'1nA'l'l!I::1Jl~mn"l'\Jii!lm'lfH'1ihL'ifill:'l~fN 1~ (caput membranaceum J 

m::~nLL'lJ'\J'lJl~'\JLLi'l::tfi'~~El (short bow1ng forearms and legs) ~"nl'iVI'll"l'Yll~'i4mt15u1im'l"WUll'l::li1uLLA~WlitJ~ 
L'\JL~EJ(1J~~ 12.9 ~n./(1}"· Wili:'lWEJ-li:'l 8.6 ~n./(1}"· LL":: alkal1ne phosphatase 0 ~'W\il/". m-wriltJ-l~fiu~Llruiht~:: 

'W1Jll:i1m::~m<~JY·n:: frontal bone LL"::~l'\JSl'\J'llil~nd~"nA'l'l!I::LYhJu m::~n~u~~~'lJ'\Jl\ilL~nLL":::LLU'\J m:::>:JnLL'lJ'\J 

'lJl:i1~n'l!lru:::1Jl~LL"::r:i\i1~tl'il~ 1~'Yl1J'Yll'\Jll'li:'ll'lD~All~i.h•lfi!LL":::u'Yl1Jl'Yl'lJil~Lil'\J'limS alkal1ne phosphatase liieJW\ilj'\Jl 

nl'l'lJil~nl'li:l1'l~m::>:Jn~~LLiii'Yll'lnEJ~1uA'l'ln~l'l(1Jl cJultJ perinatal hypophosphatasia 'YJn'lltJLfitJ'll'i\il'lu-ltJrmn 

LL'lnLn(1} LL1J1JLL~'\Jm'lriltJ'YlEJ(1J'Yll~W'\JQn'l'l~Ltlu~n'l!lru:: autosomal recess1ve <~J:::Ju m'l'i'W"l.rtJriiluA"il\il~~LU'\J~'l 
~lL tlu 'i5.Yh~iliiil 1~LL"::L~~l:::@\ill~i:'lm"Wm'lru'lJil~tl'l::L'YlFT1 'Yltl fiil nl'l\il'll"l'Yll'ln 1 '\JA'l'ln~ltJA~'WI'lll~~G'lL uu 

'l::tJ:: <&~i.'llm'lf1%"l.rt1All~W(1Jtin~ffi\i1L '\J'l::tJ:: 1\il'lmi:'l~i:'lEJ~. 




