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I N 1958 Allan and associates [7] described a 
three and a half year old girl who had been 

hospitalized because of a series of generalized 
convulsions. They were controlled after the 
fourth day, but then a profound transient ataxia 
was noted which made it impossible for her to 
stand or feed herself. At that time it was also 
realized that she was mentally retarded (IQ 32) 
and had friable hair. A five year old brother had 
similar hair, was also mentally retarded, and had 
an abnormal electroencephalogram. It was 
shown that both sibs excreted in their urine 
large quantities of argininosuccinic acid [2,3], 
an intermediate of the Krebs-Henseleit urea 
cycle [j/,5]. Eight other patients with arginino- 
succinic aciduria have since been reported [6- 701. 

The Krebs-Henseleit urea cycle (Fig. 1) is of 
great importance in human metabolism, since 
it represents the only known pathway for the 
synthesis of urea. The action of this cycle con- 
verts 2 molecules of ammonia and 1 molecule of 
carbon dioxide to 1 molecule each of urea and 
water. Four metabolic errors are known to in- 
volve enzymes of the urea cycle: (1) hyperam- 
monemia due to a deficiency of carbamylphos- 
phate synthetase [ 7 7 ] ; (2) hyperammonemia 
due to a deficiency of ornithine transcar- 
bamylase [ 721; (3) citrullinuria, presumably due 
to a deficiency of argininosuccinic acid syn- 
thetase / 731; and (4) argininosuccinic aciduria. 

Westall and Tomlinson [ 741 have demonstrated 
that the red blood cells of patients with arginino- 
succinic aciduria lack the enzyme argininosuc- 
cinase. Marked hyperammonemia has been ob- 
served in the first three of these disorders but, 
except for the report of Schreier and Leuchte 
[ 701, elevation of the blood ammonia level had 
not been described in argininosuccinic aciduria. 
We have found in our patients with arginino- 
succinic aciduria that, in the fasting state, the 
blood ammonia level may be normal or only 
slightly elevated, but that marked elevations 
occur postprandially or after an ammonia load. 
This observation suggests that hyperammonemia 
may be a common factor in the pathogenesis 
of the mental retardation associated with the 
four known congenital disorders of the urea 
cycle, and that it may be possible to improve 
nervous system function if increases in blood 
ammonia concentration can be avoided. 

LABORATORY METHODS 

Screening studies for amino acids were carried out 
by two-dimensional paper chromatography and high 
voltage electrophoresis [ 7.51. Quantitative assays for 
amino acids were performed by column chromatog- 
raphy, utilizing the Technicon@ Autoanalyzer sys- 
tem [76,77]. 

For the argininosuccinic acid assay, samples were 
acidified, boiled for 2.5 hours to convert free arginino- 
succinic acid to the more stable anhydrides [h’]. and 
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nx 1958 Allan and associates [/] described aI three and a half year old girl who had been
hospitalized because of a series of generalized
convulsions. They were controlled after the
fourth day, but then a profound transient ataxia
was noted which made it impossible for her to
stand or feed herself. At that time it was also

realized that she was mentally retarded (1Q 32)
and hadfriable hair. A five year old brother had
similar hair, was also mentally retarded, and had
an abnormal electroencephalogram. It was
shown that both sibs excreted in their urine

large quantities of argininosuccinic acid [2,3],
an intermediate of the Krebs-Henseleit urea

cycle [4,5]. Eight other patients with arginino-
succinic aciduria have since beenreported [6-70].

The Krebs-Henseleit urea cycle (Fig. 1) is of
great importance in human metabolism, since
it represents the only known pathway for the
synthesis of urea. The action of this cycle con-
verts 2 molecules of ammonia and 1 molecule of
carbon dioxide to 1 molecule each of urea and
water. Four metabolic errors are known to in-

volve enzymes of the urea cycle: (1) hyperam-
monemia due to a deficiency of carbamylphos-
phate synthetase [77]; (2) hyperammonemia
due to a deficiency of ornithine transcar-
bamylase [72]; (3) citrullinuria, presumably due
to a deficiency of argininosuccinic acid syn-
thetase [73]; and (4) argininosuccinic aciduria.

Westall and Tomlinson [/4] have demonstrated
that the red blood cells of patients with arginino-
succinic aciduria lack the enzyme argininosuc-
cinase. Marked hyperammonemia has been ob-
served in the first three of these disorders but,
except for the report of Schreier and Leuchte
[/0], elevation of the blood ammonia level had
not been described in argininosuccinic aciduria.
We have found in our patients with arginino-
succinic aciduria that, in the fasting state, the
blood ammonia level may be normal or only
slightly elevated, but that marked elevations
occur postprandially or after an ammoniaload.
This observation suggests that hyperammonemia
may be a common factor in the pathogenesis
of the mental retardation associated with the

four known congenital disorders of the urea
cycle, and that it may be possible to improve
nervous system function if increases in blood
amimonia concentration can be avoided.

LABORATORY METHODS

Screening studies for amino acids were carried out
by two-dimensional paper chromatographyand high
voltage electrophoresis [75]. Quantitative assays for
amino acids were performed by column chromatog-
raphy, utilizing the Technicon® Autoanalyzer sys-
tem [76,77].

For the argininosuccinic acid assay, samples were
acidified, boiled for 2.5 hours to convert free arginino-
succinic acid to the more stable anhydrides |S], and
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FIG. 1. The Krebs-Hens&it urea cycle [4,5]. The enzymatic deficiencies in four inborn 
errors of metabolism are also indicated in this chart. Hyperammonemia, type 1, refers 
to the disorder described bv Freeman et al. [ 72], type 2 to that described by Russell et 
al. [77]. 

then estimated by column chromatography. Am- 
monia levels in blood and cerebrospinal fluid were 
determined by a modification of the microdiffusion 
technic described by Conway [ 78,791. Red blood cell 
argininosuccinase activity was measured as described 
by Tomlinson and Westall [ 741. 

CASE REPORTS 

P.A. This patient (MGH No. 1254845) (born July 
31, 1948) was admitted to the Massachusetts General 
Hospital on December 2, 1963, for evaluation of men- 
tal retardation. 

At the time of the patient’s birth the mother was 
twenty-five years old, the father was forty-two. Gesta- 
tion was nine months and birth weight almost 9 
pounds. Labor and delivery were uneventful. Except 
for irritability, the child appeared to be in good con- 
dition in the neonatal period. At two months of age 
eczema developed which cleared on a diet of Mull- 
soy. By the time he was a year old, the child was eating 
solids but he disliked meat and took very little. He sat 
alone late and did not walk until he was well over two 
years old; toilet training was accomplished at two 
years and speech began at eighteen months. 

At nine months of age he was hospitalized for 
bronchopneumonia, and at age fourteen months for 

an upper respiratory tract infection and infected 
eczema. He had numerous wheezing episodes which 
required adrenalin injections, and he received courses 
of desensitization at an outpatient allergy clinic. At 
one and a half years of age he had a generalized 
tonic-clonic seizure at a time when he had a high 
fever. Up to the age of ten years he had two or three 
brief generalized seizures a year, each accompanying 
a high fever, but none since that time. 

At six years of age he was enrolled in the first 
grade but was removed shortly because of poor 
progress. At six and a half years of age a psychometric 
examination was performed. He was fearful and 
negativistic and for this reason the results were diffi- 
cult to evaluate, but it was thought that he functioned 
at the three to four year level. At seven years of age 
he was transferred to a special class for retarded 
children where he remained for the following eight 
years. He has learned to write his name but is unable 
to read. Since the age of ten years he has been free of 
respiratory tract infections and has had no further 
skin eruptions. He now has an excellent food intake 
and has lost his reluctance to eat meat. His hair has 
never been abnormal. 

Physical examination at the age of fifteen years 
showed his height to be 158.4 cm. (nearly 25th per- 
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Fig. 1. The Krebs-Ifenseleit urea cycle [4,5]. ‘he enzymatic deficiencies in four inborn
errors of metabolism are also indicated in this chart. Hyperammonemia, type 1, refers
to the disorder described by Freemanet al. [72], type 2 to that described by Russell et
al. [77].

then estimated by column chromatography. Am-
monia levels in blood and cerebrospinal fluid were
determined by a modification of the microdiffusion
technic described by Conway [78,79]. Red blood cell
argininosuccinase activity was measured as described
by Tomlinson and Westall [74].

CASE REPORTS

P.A. This patient (MGH No. 1254845) (born July
31, 1948) was admitted to the Massachusetts General
Hospital on December2, 1963, for evaluation of men-
tal retardation.

At the time of the patient’s birth the mother was
twenty-five years old, the father was forty-two. Gesta-
tion was nine months and birth weight almost 9
pounds. Labor and delivery were uneventful. Except
for irritability, the child appeared to be in good con-
dition in the neonatal period. At two monthsof age
eczema developed which cleared on a diet of Mull-
soy. By the time he was a yearold, the child was eating
solids but he disliked meat and took very little. He sat
alone late and did not walk until he was well over two

years old; toilet training was accomplished at two
years and speech began at eighteen months.

At nine months of age he was hospitalized for
bronchopneumonia, and at age fourteen months for

an upper respiratory tract infection and infected
eczema. He had numerous wheezing episodes which
required adrenalin injections, and he received courses
of desensitization at an outpatient allergy clinic. At
one and a half years of age he had a generalized
tonic-clonic seizure at a time when he had a high
fever, Up to the age of ten years he had twoor three
brief generalized seizures a year, each accompanying
a high fever, but none since that time.

At six years of age he was enrolled in the first
grade but was removed shortly because of poor
progress. At six and a half years of age a psychometric
examination was performed. He was fearful and
negativistic and for this reason the results were diffi-
cult to evaluate, but it was thoughtthat he functioned
at the three to four year level. At seven years of age
he was transferred to a special class for retarded
children where he remained for the following eight
years. He has learned to write his name butis unable
to read. Since the age of ten years he has been free of
respiratory tract infections and has had no further
skin eruptions. He now has an excellent food intake
and haslost his reluctance to eat meat. His hair has
never been abnormal.

Physical examination at the age of fifteen years
showed his height to be 158.4 cm. (nearly 25th per-
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centilel, and his weight 46.7 kg. (10th to 25th per- 
centile). His blood pressure was 118j70 mm. Hg. 
The patient was a friendly boy, eager to please, but 
obviously limited in intelligence. Although he had a 
short haircut, his hair was of normal appearance, 
neither friable nor matted. The skin on the dorsum of 
the left hand was roughened, and the nails were rough 
and pitted ; these findings were thought to be residual 
of the infantile eczema. 

The pupils and the optic fundi were normal. The 
lungs were normal to percussion and auscultation, 
and free of wheezing. The heart was of normal size, 
and there was no murmur. The liver, spleen and 
kidneys were not palpable. The external genitalia 
were normal with a slight growth of pubic hair. 
Visual acuity and visual fields were intact. Extra- 
ocular motions were normal, and there was no nys- 
tagmus. Muscular strength and tone were normal. 
The triceps jerk was 2+, all other deep tendon reflexes 
were 1+. Plantar response was flexor. He was able 
to cut out pictures and paste together model toys, 
but performed poorly at more demanding tasks of 
coordination: thus he was unable to perforate the tip 
of a tube of liquid cement with a pin, even though he 
was eager to use this cement in building a toy. He was 
able to stand on one foot and the Romberg sign was 
negative, but he was unable to walk heel to toe. 
Otherwise. there was no abnormality of gait. Rapid 
repetitive movements were never performed with 
facility, but during these initial examinations there 
was no ataxia, dysmetria or intention tremor. Sensa- 
tion was intact. 

On the Stanford Binet Intelligence Scale L-M, per- 
formed on December 4, 1963, when he was fifteen 
years and four months of age, a mental age of four 
years and nine months was obtained, which gave an 
IQ in the 30’s. There was limited scatter with all 
items passed at the fourth year level, five at the 4.6 
year level, and four at the fifth year level. On the 
Wechsler Intelligence Scale for Children no IQ was 
obtained, as the score was below that for which IQ’s 
are given. He was able to answer a few information 
questions and give some word meanings. He could 
answer the simplest comprehension questions credit- 
ably and could do one simple number problem. He 
could complete two of four analogies but no similar- 
ities. He was unable to understand repeating digits, 
either forward or backward, despite repeated demon- 
strations. He could detect a few details as missing from 
pictures. He could not understand the digit symbol 
substitution test despite repeated explanations. He 
could not assemble any puzzles or copy any block 
designs. 

The results of the routine laboratory studies are 
shown in Table I. Although slight increases of alkaline 
phosphatase have been reported in other patients 
with argininosuccinic aciduria [ 1,6], the serum alka- 
line phosphatase levels of both this patient and his 
brother (J.A.) were within normal limits for their 
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Text 

Patient P.A. Patient J.A. 
____~~_ _.-.._-~..._ 

Age 1 i-1 0 Q”r 4--i 

Hemoglobin (gm.;lOO ml.) 
White blood count (per cu. mn~.) 
Urinalysis--routine 
Blood urea nitrogen (mg./lOO ml.) 
Fasting blood sugar (mg./lOO ml.) 

Prorein-bound iodine (pg./100 
ml.) 

Cephalin flocculation 
Thymol turbidity (units) 
Serum total protein (gm./lOO ml.) 
Serum albumin (gm./lOO ml.) 
Serum globulin (gm./lOO ml.) 
Serum protein electrophoresis 

Serum bilirubin (mg./lOO ml.) 
Serum glutamic oxalac-rtic trans- 

aminase (units) 
Bromsulfalein (% retention) 
Serum cholesterol (mg./lOO ml.) 
Serum alkaline phosphatase 

Bodansky units 
Sigma units 

Serum calcium (mg./lOO ml.) 
Serum phosphorus (mg./lOO ml.) 
Sodium (mEq./L.) 
Potassium (mEq./L.) 
Chloride (mEq./L.) 
Carbon dioxide (mEq./L.) 
Crearinine (mg./lOO ml.) 
Cerebrospinal fluid protein (mg.,’ 

100 ml.) 

13.7 
5,500 
NOrmA 
12-23 

5.3 
1+ 
2.9 
7.9 
4.x 
3.1 
Normal 

0.6-t .O 
18,30,122,800 

(see text) 
Less than I!$ 
200, 177 

4.9 -5.1 
I .9-2.2 
Slight increase 

in alpha 
globulin 

0.5-l .o 
23 

12.3-13.7 
7.1-8.1 
10.3 
5.5 
14.2 
3.8 
94 
29 
0.8 

13.7 
x.1 

15 23 

II.8 
7.000 

S0rm.d 
2; 

bi 

age. At the time of the patient’s admission in Decem- 
ber 1963 liver function tests were within normal limits. 
However, on one occasion (October 31, 1963) the 
serum glutamic oxalacetic transaminase (SGOT) 
level was 800 units. The SGOT was normal on four 
subsequent occasions in 1963 and 1964 but was again 
transiently elevated to 120 units during an episode of 
coma associated with hyperammonemia, which will 
be discussed in detail. 

Karyotypes of peripheral blood leukocytes showed 
a normal pattern. Roentgenogram of the chest was 
normal. Bone age was 13.5 to 14 years at a chronologic 
age of 15.4 years. The electroencephalogram (Fig. 2) 
was abnormal because the predominant electrical 
activity consisted of 5 to 6 per second theta waves, 
rather than the 8 per second alpha activity expected 
at this age. In addition, there were bursts of 1 to 3 
per second spikes and slow waves, a pattern which is 
frequently found in patients who have seizures. 

Clinical Summary: P.A., a fifteen year old boy 
with an IQ of 30 to 40, was found to have 
argininosuccinic aciduria when his urine was 
studied as part of an amino acid screening pro- 
gram for mentally retarded patients. Up to the 
age of six years, he suffered from eczema and 
asthmatic bronchitis. Until he was ten years old 
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centile), and his weight 46.7 kg. (10th to 25th per-
centile). Ilis blood pressure was 118/70 mm. Hg.
The patient was a friendly boy, eager to please, but
obviously limited in intelligence. Although he had a
short haircut, his hair was of normal appearance,
neither friable nor matted. The skin on the dorsum of

the left hand was roughened, and the nails were rough
and pitted ; these findings were thoughtto be residual
ofthe infantile eczema.

The pupils and the optic fundi were normal. ‘The
lungs were normal to percussion and auscultation,
and free of wheezing. The heart was of normalsize,
and there was no murmur. The liver, spleen and
kidneys were not palpable. The external genitalia
were normal with a slight growth of pubic hair.
Visual acuity and visual fields were intact. Extra-
ocular motions were normal, and there was no nys-
tagmus. Muscular strength and tone were normal.
Thetriceps jerk was 2-+,all other deep tendonreflexes
were 1+. Plantar response was flexor. He was able
to cut out pictures and paste together model toys,
but performed poorly at more demanding tasks of
coordination: thus he was unable to perforate the tip
of a tube of liquid cement with a pin, even though he
waseagerto use this cement in building a toy. He was
able to stand on one foot and the Romberg sign was
negative, but he was unable to walk heel to toe.
Otherwise, there was no abnormality of gait. Rapid
repetitive movements were never performed with
facility, but during these initial examinations there
was no ataxia, dysmetria or intention tremor. Sensa-
tion was intact.

On the Stanford Binet Intelligence Scale L-M, per-
formed on December 4, 1963, when he was fifteen
years and four months of age, a menial age of four
years and nine months was obtained, which gave an
1Q in the 30’s. There was limited scatter with all
items passed at the fourth year level, five at the 4.6
year level, and four at the fifth year level. On the
Wechsler Intelligence Scale for Children no IQ was
obtained, as the score was below that for which IQ’s
are given. He was able to answer a few information
questions and give some word meanings. He could
answer the simplest comprehension questions credit-
ably and could do one simple number problem. He
could complete two of four analogies but no similar-
ities. Ile was unable to understand repeating digits,
either forward or backward, despite repeated demon-
strations. He could detect a fewdetails as missing from
pictures. He could not understand the digit symbol
substitution test despite repeated explanations. He
could not assemble any puzzles or copy any block
designs.

The results of the routine laboratory studies are
shown in Tables. Althoughslight increasesof alkaline
phosphatase have been reported in other patients
with argininosuccinic aciduria [7,6], the serum alka-
line phosphatase levels of both this patient and his
brother (J.A.) were within normal limits for their
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‘TABLE 3
ROUTINE LABORATORYSTUDIES

Patient P.A.

  Pest Age 15-16

Hemoglobin (gm./100 ml.) 13.7 11.8
White blood count (per cn.mm.) 5,500 F000
Urinalysis—routine Norma! Normal
Blood urea nitrogen (mg./100 ml.} 12-23 2A
Fasting blood sugar (mg./100 ml.} 59, 83, 92, 96, 03116
Protein-bound iodine (ug./100

ml.) 5,3 6.3
Cephalin flocculation 1+ Negative
Thymol turbidity (units) 2.9 0,5-0.7
Serum total protein (gm./100 ml.) 7.9 TO-71
Serum albumin (gm./100 ml.) 4.8 4.9-5.1
Serumglobulin (gm./100 mi.) 3.1 1.9-2.2
Serum protein electrophoresis Normal Slight increase

in alphag
globulin

Serum bilirubin (mg./t00 mL.) 0.6-1.0 05-10
Serum glutamic oxalacetic trans- 18, 30,122, 800-25

aminase (units) (see text)
Brorosulfalein (% retention) Less than 1%
Serum cholesterol (mg./100 mi.) 200, 177
Serum alkaline phosphatase

Bodansky units 12.3-13.7 13.7
Sigma units 71-8.1 Bl

Serum calcium (mg./100 ml.} 10.3
Serum phosphorus (mg./100 ml.) 5.5
Sodium (mEq./L.)} 14.2
Potassium (mEq./L.) 3.8
Chloride (mEq./L.} 94
Carbon dioxide (mE.q./L.) 29
Creatinine (mg./100 ml.) 0.8
Cerebrospinalfluid protein (mg./

100 mi.) 15 23 

age. At the time of the patient’s admission in Decem-
ber 1963 liver function tests were within normallimits.

However, on one occasion (October 31, 1963) the
serum glutamic oxalacetic transaminase (SGOT)
level was 800 units. The SGOT was normal on four

subsequentoccasions in 1963 and 1964 but was again
transiently elevated to 120 units during an episode of
coma associated with hyperammonemia, which will
be discussed in detail.

Karyotypes of peripheral blood leukocytes showed
a normal pattern. Roentgenogram of the chest was
normal. Bone age was 13.5 to 14 years at a chronologic
age of 15.4 years. The electroencephalogram (Fig. 2)
was abnormal because the predominant electrical
activity consisted of 5 to 6 per second theta waves,
rather than the 8 per second alpha activity expected
at this age. In addition, there were bursts of | to 3
per second spikes and slow waves, a pattern whichis
frequently found in patients who haveseizures.

Clinical Summary: P.A., a fifteen year old boy
with an IQ of 30 to 40, was found to have
argininosuccinic aciduria when his urine was
studied as part of an amino acid screening pro-
gram for mentally retarded patients. Up to the
age of six years, he suffered from eczema and
asthmatic bronchitis. Until he was ten years old
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FIG. 2. Encephalogram of patient P.A. This tracing was obtained when the patient was 
alert and asymptomatic; the blood ammonia concentration was less than 40 pg. per cent. 
Abbreviations: “L” left, “R” right, “F” frontal, “c” central, “0” occipital, “MT” 
midtemporal. Monopolar leads were used, the reference electrode in each instance was 
located on the opposite ear. The left half of the figure is representative of the predominant 
activity observed, and shows more 5 to 7 second per theta than is normal at this age. 
The midportion of the figure shows a striking burst of high voltage sharp spikes and slow 
waves, which occur synchronously in all leads. This type of abnormality is seen frequently 
in patients who have seizures. 

he had brief generalized seizures, up to three 
times yearly, each accompanying a high fever, 
and even now his electroencephalogram shows 
abnormal paroxysmal activity. There is no hair 
abnormality, and the findings on neurologic 
examination were within normal limits except 
for mental retardation and moderate ataxia. 

J.A. This patient (MGH No. 1254846) (horn Dec- 
ember 17, 1959) was admitted to the Massachusetts 
General Hospital on December 2, 1963, because of 
delay in speech development. 

At the time of his birth, his mother was thirty-seven 
years old and his father fifty-four. The pregnancy was 
uneventful. The mother went into labor spontane- 
ously, but labor progressed poorly so that 6 hours 
later the fetal head was in extension and not engaged, 
and a cesarean section was performed. The child 
breathed and cried spontaneously and had good 
color. The birth weight was over 10 pounds. On the 
fourth day he was found to be unresponsive and 
hyperpneic, and a roentgenogram revealed pneu- 
monia in the upper lobes. He was treated with anti- 
biotics, and appeared entirely well six days later. He 
took solid food at two to three months of age and 
table foods by one year, Like his older brother (P.A.), 
he refused to eat meat. 

He sat alone at nine months, stood alone and walked 
some time between one and a half and two and a half 
years. He was toilet trained by one year. At one year of 
age he appeared to be learning a few words but this did 
not continue so that, at three and a half years of age, 
his vocabulary was still confined to a few words such 
as “bird” or “goodbye” and these were pronounced 
indistinctly. The child had one brief, generalized 
convulsion when he was eighteen months old, at a 
time when he had a high fever. 

Physical examination (age four years) showed hi 
height to be 101.4 cm. (25th percentile) weight 18.11 
kg. (75th percentile), blood pressure 100/64 mm. Hg, 
head circumference 54.75 cm. (75th percentile). He 
was an active and alert child, but without speech and 
unable to follow commands. His hair was light brown, 
curly and normal in appearance. The pupils and optic 
fundi were normal. The tonsils were enlarged. There 
was no lymphadenopathy. The lungs were normal to 
percussion and auscultation. The heart was normal 
in size and pulsation. There was a variable, grade 2 
midsystolic murmur heard best along the mid left 
sternal border, and also at the apex. There were no 
palpable organs or masses in the abdomen. The 
external genitalia were normal. 

On neurologic examination, the cranial nerves 
were intact. There was no nystagmus. Gait was 
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Fic. 2. Encephalogram of patient P.A. This tracing was obtained when the patient was
alert and asymptomatic; the blood ammonia concentration was Jess than 40 yg. per cent.
Abbreviations: “L” left, “R” right, “F” frontal, “C” central, “O” occipital, “MT”
midtemporal. Monopolar leads were used, the reference electrode in each instance was
located on the opposite ear. Theleft half of the figure is representative of the predominant
activity observed, and shows more 5 to 7 second per theta than is normal at this age.
The midportion of the figure shows a striking burst of high voltage sharp spikes and slow
waves, which occur synchronously in all leads. This type of abnormality is seen frequently
in patients who haveseizures.

he had brief generalized seizures, up to three
times yearly, each accompanying a high fever,
and even now his electroencephalogram shows
abnormal paroxysmal activity. There is no hair
abnormality, and the findings on neurologic
examination were within normal limits except
for mental retardation and moderateataxia.

J.A. This patient (MGH No. 1254846) (born Dec-
ember 17, 1959) was admitted to the Massachusetts
General Hospital on December 2, 1963, because of
delay in speech development.

Atthe timeof his birth, his mother wasthirty-seven
years old andhis father fifty-four. The pregnancy was
uneventful. The mather went into labor spontane-
ously, but labor progressed poorly so that 6 hours
later the fetal head was in extension and not engaged,
and a cesarean section was performed. The child
breathed and cried spontaneously and had good
color. The birth weight was over 10 pounds. On the
fourth day he was found to be unresponsive and
hyperpneic, and a roentgenogram revealed pneu-
monia in the upper lobes. He was treated. with anti-
biotics, and appeared entirely well six days later. He
took solid food at two to three months of age and
table foods by one year, Like his older brother (P.A.),
herefused to eat meat,

Hesat alone at nine months, stood alone and walked
some time between one and a half and two and a half

years. He wastoilet trained by one year. At one year of
age he appeared to be learning a few wordsbutthis did
not continue so that, at three and a half years of age,
his vocabulary wasstill confined to a few words such
as “bird” or “goodbye” and these were pronounced
indistinctly. The child had one brief, generalized
convulsion when he was eighteen months old, at a
time when he had a high fever.

Physical examination (age four years) showed. his
height to be 101.4 cm. (25th percentile) weight 18.11
kg. (75th percentile), blood pressure 100/64 mm. Hg,
head circumference 54.75 cm. (75th percentile). He
wasan active and alert child, but without speech and
unable to follow commands. His hair was light brown,
curly and normalin appearance. The pupils and optic
fundi were normal. The tonsils were enlarged. There
was no lymphadenopathy. The lungs were normal to
percussion and auscultation. The heart was normal
in size and pulsation, There was a variable, grade 2
midsystolic murmur heard best along the mid left
sternal border, and also at the apex. There were no
palpable organs or masses in the abdomen. The
external genitalia were normal.

On neurologic examination, the cranial nerves
were intact. There was no nystagmus, Gait was
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normal. The patient grasped objects readily with 
rither hand, -without clumsiness or tremor. The deep 
tendon reflexes were lf throughout, except for the 
anklr jerks which were 2f. The plantar responses 
werr flexor. Sensation was intact for light touch and 
pinprick. 

A cortical function test (chronologic age, four 
years) showed him to be alert, but it was difficult 
to engage and keep his attention. On the Merrill- 
Palmer scale, he performed at the mental age of two 
years and three months, so that his IQ was in the 
40 to 50 range. His successes ranged from the eighteen 
to twrnty-three month level through the thirty-six to 
forty-one month level, at which only one item was 
passed. All items were failed at the forty-two to 
forty-seven month level. 

‘The results of routine laboratory studies are listed 
in ‘Table I. Karyotype preparations of peripheral 
blood leukocytes were normal. Roentgenograms of the 
skull and chest were normal. The heart was normal 
in size, shape and position. An electrocardiogram was 
normal. Bone age was two and a half to three years at 
a chronologic age of four years. The electroencephalo- 
gram obtained during sedated sleep was within 
normal limits. No seizure pattern was observed. 

Clinical Summary: J.A., the four and a half 
year old brother of P.A., also has argininosuc- 
cinic aciduria. His IQ is estimated to be in the 
40 to 50 range. He also has had a brief general- 
ized seizure in association with high fever. He 
has no allergies, his hair is normal and, other 
than the mental retardation, the neurologic 
examination is within normal limits. 

FAMILY HISTORY 

The family tree of the A. family is shown in 
Figure 3. The parents are first cousins once 
removed, and both sides of the family originated 
from small villages near Messina, Sicily. The 
patients’ parents (generation IV) both have 
normal intelligence, have never had convulsions, 
and show no abnormality on physical examina- 
tion. The patient’s older sister (G., generation v) 
graduated from high school with honor grades. 
No abnormalities were found on physical exami- 
nation, and her urinary amino acid excretion is 
normal. Her infant daughter, now one year old, 
is developing normally, and her urine does not 
contain any argininosuccinic acid. 

Another sister of the propositi (T., generation 
v) was born on March 3, 1954, and died on 
October 3, 1955. Had she lived, she would have 
been intermediate in age between P.A. and J.A. 
The following data were obtained from her 
medical record at the Children’s Medical Center 
in Boston (No. 43-17-15) : 
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FIG. 3. The A family (argininosuccinic aciduria). 
Propositi are shown as black squares. The half-shaded 
symbol refers to patients thought to be heterozygote, on 
the basis of red cell argininosuccinase assay. The cross- 
hatched circle refers to T.A., who died of subdural hema- 
toma. A doubly lined circle or square refers to those who 
have been examined personally and are known to be 
normal neurologically. 

“She followed with her eyes at six weeks, smiled 
at two months, sat up with support at three months, 
sat alone at eight months, stood with support at 
eight months, crawled at thirteen months but had not 
yet learned to walk. At fourteen months she began 
feeding poorly, became irritable, vomited on several 
occasions, and was admitted to the Children’s 
Medical Center. She had an enlarged head, her neck 
was stiff, and there was a positive Babinski sign on the 
right. Subdural taps revealed dark, thick bloody 
fluid. At first she was treated with daily subdural taps 
but later a craniectomy was performed with excision 
of a thick subdural membrane. The day following this 
procedure she became decerebrate and did not re- 
cover. She died shortly after transfer to a nursing 
home. Postmortem examination was not permitted. 
Urine amino acids had not been studied. 

Undoubtedly, the subdural hematoma was the 
cause of death. Analysis of the history and hospital 
records provided no evidence for any additional 
neurologic disease. The presence of argininosuccinic 
aciduria cannot be ruled out, and it must be kept in 
mind that in degenerative neurologic disorders there 
is an increased incidence of subdural hematoma.” 

The patient’s father (M.A.) has three sibs and 

the mother (E.A.) four, none of whom were 

available for examination. Also, no examinations 

could be performed on members of generations 

I, II or III (see Fig. 3). Careful questioning pro- 
vided no evidence of mental retardation, seizures 

Argininosuccinic Aciduria—Moser ef al. 13

normal, The patient grasped objects readily with
either hand, without clumsiness or tremor. The deep
tendon reflexes were 1+ throughout, except for the
ankle jerks which were 2+. The plantar responses
were flexor. Sensation was intact for light touch and
pinprick.

A cortical function test (chronologic age, four
years) showed him to be alert, but it was difficult
to engage and keep his attention. On the Merrill-
Palmer scale, he performed at the mental age of two
years and three months, so that his IQ was in the
40 to 50 range. His successes ranged [rom the eighteen
to twenty-three month level through the thirty-six to
forty-one month level, at which only one item was
passed. All items were failed at the forty-two to
forty-seven monthlevel.

Theresults of routine laboratory studies are listed
in Table 1. Karyotype preparations of peripheral
blood leukocytes were normal. Roentgenogramsof the
skull and chest were normal. The heart was normal

in size, shape and position. An electrocardiogram was
normal. Bone age was two anda halfto three years at
a chronologic age of four years. The electroencephalo-
gram obtained during sedated sleep was within
normal limits. No seizure pattern was observed.

Chinical Summary: J.A., the four and a half
year old brother of P.A., also has argininosuc-
cinic aciduria. His IQ is estimated to be in the
40 to 50 range. He also has had a brief general-
ized seizure in association with high fever. He
has no allergies, his hair is normal and, other
than the mental retardation, the neurologic
examination Is within normallimits.

FAMILY HISTORY

The family tree of the A. family is shown in
Figure 3. The parents are first cousins once
removed, and bothsides of the family originated
from small villages near Messina, Sicily. The
patients’ parents (generation Iv) both have
normalintelligence, have never had convulsions,
and show no abnormality on physical examina-
tion. The patient’s oldersister (G., generation v)
graduated from high school with honor grades.
No abnormalities were found on physical exami-
nation, and her urinary amino acid excretion is
normal. Her infant daughter, now onc year old,
is developing normally, and her urine does not
contain any argininosuccinic acid.

Another sister of the propositi (T., generation
v) was born on March 3, 1954, and died on
October 3, 1955, Had she lived, she would have
been intermediate in age between P.A. and J.A.
The following data were obtained from her
medical record at the Children’s Medical Center

in Boston (No. 43-17-15):
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Fic. 3. The A family (argininosuccinic aciduria).
Propositi are shown as black squares. The half-shaded
symbolrefers to patients thought to be heterozygote, on
the basis of red cell argininosuccinase assay. The cross-
hatched circle refers to T.A., who died of subdural hema-
toma. A doubly lined circle or square refers to those who
have been examined personally and are known to be
normal!neurologically.

“She followed with her eyes at six weeks, smiled
at two months, sat up with support at three months,
sat alone at eight months, stood with support at
eight months, crawled at thirteen months but had not
yet learned to walk. At fourteen months she began
feeding poorly, becameirritable, vomited on several
occasions, and was admitted to the Children’s
Medical Center. She had an enlarged head, her neck
wasstiff, and there was a positive Babinski sign on the
right. Subdural taps revealed dark, thick bloody
fluid. At first she was treated with daily subdural taps
but later a craniectomy was performed with excision
of a thick subdural membrane. The dayfollowing this
procedure she became decerebrate and did not re-
cover. She died shortly after transfer to a nursing
home. Postmortem examination was not permitted.
Urine amino acids had not been studied.

Undoubtedly, the subdural hematoma was the
cause of death. Analysis of the history and hospital
records provided no evidence for any additional
neurologic disease. The presence of argininosuccinic
aciduria cannot be ruled out, and it must be kept in
mind that in degenerative neurologic disorders there
is an increased incidenceof subdural hematoma.”

’ The patient’s father (M.A.) hasthree sibs and
the mother (E.A.) four, none of whom were
available for examination. Also, no examinations
could be performed on members of generations
I, UW or ut (see Fig. 3). Careful questioning pro-
vided no evidence of mental retardation, seizures
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