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Hypophosphatemia in childhood is
not common and often reflects
disturbances in renal or hepatic
function, or accompanies severe
persistent vomiting, diabetic keto-
acidosis or disorders of vitamin D
metabolism. Protein-energy malnu-
trition, starvation and malabsorp-
tion may also be associated with
phosphorus depletion. Patients re-
ceiving total parenteral nutrition,
especially those receiving solutions
low in phosphorus, have been found
to have low serum phosphorus
levels.'

Hypophosphatemia is often a-
symptomatic, but profound- phos-
phorus depletion has numerous clin-
ical presentations and can have
serious or even life-threatening con-
sequences. Hypophosphatemia can
result in abnormalities in oxygeni
delivery, derangements in leukocyte
phagocytosis, and platelet and he-
patic dysfunction.`-8 Neuromuscular
symptoms, which may be mild, in-
clude anorexia, muscle weakness,
paresthesia and tremors.7` More
dire consequences, including con-
vulsions and fatal progressive coma,
have been reported in adults and
children.8'0,"
To our knowledge there are few

reports of neurologic abnormalities
related to phosphorus depletion in
infants under 12 months of age. We
describe two infants who had severe
gastroenteritis requiring total pa-
renteral nutrition, followed by un-
usual neurologic signs and profound
hypophosphatemia. With phos-
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phorus replenishment their meta-
bolic and neurologic derangements
resolved.

Case reports

Case 1

A well nourished 11 -month-old
boy was transferred to our hospital
because of diarrhea for 3 weeks and
jaundice for I week. He had been
born at term and had had no prob-
lems in the neonatal period. He had
been breast-fed until 2 months of
age; thereafter he was given a com-
mercial infant formula and cereal.
He had had four previous admiss-
ions to another hospital for recur-
ring gastroenteritis, without a spe-
cific diagnosis having been made.
Despite this, he had been gaining
weight appropriately, and his de-
velopment was normal. He had two
older siblings who were well, and
both parents were healthy.
On arrival at hospital he was

noted to be less than 5% dehy-
drated and in no apparent distress.
His weight, height and head cir-
cumference were all at the 50th
percentile for his age. Apart from
slight scleral icterus and mild hepa-
tomegaly the physical findings were
normal. Laboratory investigations,
including a complete blood count,
measurement of the blood urea ni-
trogen (BUN) and serum electrolyte
levels, capillary blood gas analysis
and chest roentgenography, all gave
normal results. The total serum
bilirubin level was high, at 56.4
,umol/l (3.3 mg/dl), with a direct
component of 15.4 ,Lmol/l (0.9 mg/
dl). Other serum levels were: glu-
tamic oxaloacetic transaminase
(SGOT) 125 IU/l (normally less
than 40 IU/1), calcium 2.3 mmol/l
(9.2 mg/dl) (normally 2.0 to 2.75
mmol/l), phosphorus 0.8 mmol/l
(2.5 mg/dl) (normally 1.92 to 2.20

mmol/l) and alkaline phosphatase
115 IU/i (normally less than 200
IU/1). Several stool specimens were
cultured, but no bacterial pathogens
or viruses were isolated, and elec-
tron microscopic examination of the
stool did not demonstrate viral part-
icles. A blood test for hepatitis B
surface antigen had a negative
result.
An intravenous infusion of 5%

dextrose and saline solutions was
begun because of poor tolerance of
oral feedings. On the 12th hospital
day infusions of 12% dextrose, 3%
amino acid, 10% fat emulsion and
multivitamins were begun through
a central venous catheter. Increas-
ing lethargy was noted at this time,
and the infant's lethargic state per-
sisted for several days.

At the beginning of the third
week after admission continual
coarse, myoclonic-like twitches in
the right arm, shoulder and neck
were noted. These were aggravated
by voluntary movements and were
present during sleep. There was no
alteration of the infant's level of
consciousness, and the results of a
neurologic examination were other-
wise normal. No jaundice was
noted. At this time the blood glu-
cose level, serum levels of sodium,
potassium and chloride, and acid-
base status were normal, and they
remained normal throughout the
patient's stay in hospital. Other
serum levels were: calcium 2. 1
mmol/l (8.4 mg/dl), phosphorus
less than 0.1 mmol/l (0.3 mg/dl),
magnesium 0.8 mmol/l (1.6 mEq/1)
(normally 0.58 to 0.82 mmol/l), al-
kaline phosphatase 187 IU/I and
SGOT 120 IU/1. The serum bili-
rubin level was now normal.
An electroencephalogram, intra-

venous pyelogram, skull roentgeno-
grams, and levels of catechola-
mines, vanillylmandelic acid and
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metanephrine in a 24-hour urine
collection were normal. The protein
and glucose levels and the cellular
content of the cerebrospinal fluid
(CSF) were normal; a culture gave
negative results. A urine chroma-
tographic screen for inborn errors
of metabolism showed no abnormal-
ities. The serum mercury level
was 6 ug/dl (normally less than
2 ,ug/dl) and the blood lead level
0.8 umol/l (17 ,g/dl) (normally
less than 1.4 ,mol/l). The 24-hour
excretion of copper in the urine
was 0.3 ,umol (18 jig) (normally
less than 1.6 ,umol).
When the movement disorder

was recognized the total parenteral
nutrition was stopped and a lactose-
free formula containing phosphorus
was begun. The formula was toler-
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ated, and when the serum phos-
phorus level returned to normal the
twitching stopped (Fig. 1).

The infant was discharged home
well after 50 days in hospital. A
review of his chart after discharge
revealed that the infusions used for
total parenteral nutrition had not
contained phosphorus, apart from
small amounts in the fat emulsion.

Case 2

A 1 2-month-old boy, who had
been delivered at term without com-
plications after a normal pregnancy,
had been well until 3 weeks before
admission, when a generalized ma-
culopapular rash associated with
high fever developed. He was ad-
mitted to the local hospital, where
treatment included antibiotics for
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HOSPITAL STAY (DAYS)

FIG. 1-Clinical course, phosphorus intake and serum phosphorus levels of
patient 1. Hatched bar represents recommended daily intake of phosphorus
(40 mg/kg). Normal levels of serum phosphorus 1.29 to 2.20 mmol/l. TPN =
total parenteral nutrition; NPO = nothing by mouth.

otitis media. Diarrhea developed;
when it persisted for 2 weeks the
infant was transferred to our hos-
pital.
On arrival the infant was irrit-

able, afebrile and 5% dehydrated.
His weight was at the 25th per-
centile, and his length and head
circumference were at the 75th per-
centile for his age. Except for mild
hypotonia and lethargy the remain-
der of the physical findings were
normal. Chest roentgenography,
urinalysis and measurement of the
BUN and serum electrolyte levels
gave normal results. The serum
calcium level was 2.2 mmol/l (8.6
mg/dl) and the serum phosphorus
level 0.4 mmol/l (1.2 mg/dl). A
titre of 1:256 for rubeola antibody
confirmed a probable recent infec-
tion with the causative virus.

Initial management consisted of
correcting the dehydration with the
use of intravenous dextrose and
saline infusions. Because of initial
improvement oral feedings were
started, but they soon had to be
stopped because of lack of toler-
ance and persistent diarrhea. Total
parenteral nutrition with 12% dex-
trose, 3% amino acid, 10% fat
emulsion and multivitamins was
begun through a central venous ca-
theter.
Two weeks after admission the

infant was noted to be increasingly
lethargic; samples of blood, stool
and CSF were obtained and anti-
biotic therapy was started. No bac-
teria or viruses were cultured, and
the CSF was clear, contained no
cells and had normal levels of pro-
tein and glucose. Two days later
the child's condition continued to
deteriorate, with decreasing muscle
tone, absence of all upper and lower
limb reflexes, marked lethargy, in-
termittent nonpurposeful move-
ments, absent doll's eye movements,
a depressed oropharyngeal gag re-
flex, decreased corneal reflexes and
moderately dilated pupils that did
not react to light. After a respira-
tory arrest he was resuscitated and
transferred to the intensive care
unit, where mechanical ventilation
was begun (Fig. 2).

Investigations at that time re-
vealed a normal acid-base status, a
normal BUN level, normal serum
levels of electrolytes, bilirubin, al-
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kaline phosphatase and SGOT, and
normal blood levels of ammonia
and glucose. The serum calcium
level was normal, the serum phos-
phorus level 0.1 mmol/l (0.3
mg/dl) and the serum magnesium
level 0.7 mmol/l (1.4 mEq/l). An-
other specimen of CSF was normal.
Computerized tomograms of the
brain and a technetium 99m brain
scan were entirely normal. Electron
microscopic examination of the
stool did not demonstrate viral part-
icles, and serum titres of antibody
to influenza A and B viruses and
respiratory syncytial virus 2 weeks
after the episode were less than 1:8.
An electroencephalogram (EEG)
demonstrated evidence of a dif-
fuse marked encephalopathy, with
diffuse high-voltage slow waves and
slow background rhythms. A urine
chromatographic screen for inborn
errors of metabolism showed no
abnormalities.

It was soon realized that the hy-
pophosphatemia might explain the
progressive lethargy, hypotonia and
eventual coma. Phosphorus replace-
ment was begun with monobasic
and dibasic potassium phosphate
(supplying 40 mg of phosphorus per
kilogram in 6 hours) a few hours
after the respiratory arrest. The
serum phosphorus level rose to nor-
mal within 6 hours and remained
so thereafter. Transient hypocal-
cemia followed but was corrected
with an intravenous infusion of
10% calcium gluconate. The in-
fant's response to the phosphorus
infusion gradually improved, and 7
days after the arrest the infant was
weaned from the ventilator. At this
time the EEG was markedly im-
proved. Two weeks after the event
he had no evidence of lethargy and
was totally alert. Prior to discharge
he appeared to be in good health,
and neurologic and developmental
examinations gave normal results.
An EEG obtained 8 months after
discharge was normal.

Discussion

Despite knowledge of the major
physiological and biochemical func-
tions attributed to inorganic phos-
phorus in all living organisms,
physicians failed to recognize until
recently the diverse and serious
clinical consequences of phosphorus

depletion in humans. Most of the
reports of patients with neurologic
disturbances and hypophosphatemia
have described individuals who were
debilitated, received carbohydrate
or total parenteral nutrition solu-
tions that were low in phosphorus8''
or were in chronic renal failure and
were receiving antacids and a dialy-
sate low in phosphorus.'"7 The neu-
romuscular symptoms in these in-
dividuals varied and included le-
thargy, malaise, weakness, inten-
tion tremor, paresthesia, anisocoria,
ballismus, hyporeflexia, seizures
and, rarely, coma.8"0,"
The variability and degree of the

neuromuscular findings is probably
related to the acuteness and severity
of the phosphorus depletion inter-
acting with the underlying as-
sociated disorder, but there may be
a common mechanism for the symp-
toms. Concomitant with the deple-
tion of serum inorganic phosphorus
is a reduction in the high-energy or-
ganic phosphate compound adeno-
sine triphosphate (ATP) and a re-
duction in many other important
phosphate-containing enzymes, in-
cluding erythrocyte 2,3-diphospho-
glycerate (2,3-DPG).""` Reduced in-
tracellular ATP levels can lead to
impaired contraction of muscles, in-
terference with glycogenolysis in
both muscle and liver cells and,
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theoretically, disturbed neuronal
functioning.5 Decreased amounts of
erythrocyte 2,3-DPG can lead to a
reduction in the amount of oxygen
released to tissues, with subsequent
tissue hypoxia. Thus, neuronal hy-
poxia in conjunction with neuronal
"failure" may be the explanation
for the neurologic symptoms in in-
dividuals with hypophosphatemia.

Solutions used for total parenteral
nutrition can lead to significant
phosphorus depletion by two me-
chanisms. The most obvious one is
a reduced intake of phosphorus,
especially if solutions containing lit-
tle phosphorus are used. This can
be corrected by adding to the solu-
tions adequate daily maintenance
amounts of phosphorus (40 mg/kg)
in the form of monobasic potassium
phosphate."3 The second mechan-
ism is a transcellular ionic shift due
to intravenous carbohydrate load-
ing: with the glucose-induced re-
lease of insulin, phosphorus is trans-
ported into peripheral cells,"4 where
it is segregated, to be used in the
form of high-energy phosphate com-
pounds during glycolysis. This leads
to a profound drop in the serum
phosphorus level and a reduction
in the amount of phosphorus avail-
able for other cellular processes.

Both of the infants we have de-
scribed had very low serum phos-
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FIG. 2-Clinical course, phosphorus intake and serum phosphorus levels of
patient 2.
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phorus levels, and their neurologic
derangements disappeared within 2
weeks of first receiving adequate
amounts of phosphorus. Patient 1
had twitches in the right side of the
body - a confusing presentation
for a generalized metabolic distur-
bance. However, the absence of
other potential causes for the
twitches and their prompt disap-
pearance once the serum phos-
phorus level returned to normal
suggest phosphorus depletion as the
most likely explanation. Patient 2
had a slow but steady resolution of
a seemingly progressive coma after
institution of phosphorus infusions.
No infections or metabolic derange-
ments apart from the hypophospha-
temia were found in either patient.

Tremors, myoclonus and symp-
toms mimicking encephalitis that
were identical to those of patient I
were reported in children recover-
ing from kwashiorkor.'5 The symp-
toms developed after 2 weeks of
an improved dietary intake. No
cause for the disorder was found,
and all but one of the eight chil-
dren completely recovered without
specific therapy. Despite extensive
investigation the serum phosphorus
levels were apparently not meas-
ured.

Myoclonic encephalopathy of in-
fants, as described by Kinsbourne,16
was considered in patient 1. In this
disorder there is usually an acute
onset of tremors, frequently in-
cluding nystagmoid movements;
however, there is no history of pro-
longed dietary deficiency, and only
one individual described received a
carbohydrate infusion. Serum phos-
phorus levels were not reported for
Kinsbourne's group, so we cannot
comment on the etiologic role of
phosphorus in that disorder.

Hepatic dysfunction with portal-
systemic encephalopathy was ex-
cluded in patient 2, for at the peak
of his coma the serum ammonia
level was normal and the results of
liver function tests were only mildly
abnormal. An excess or deficiency
of an amino acid or a trace ele-
ment remains a possible but un-
likely cause in both cases.

Encephalitis was unlikely in our
patients in light of the normal CSF
and lack of evidence of acute viral
infection. Patient 2 did have sug-

gestive clinical and serologic evi
dence of a recent rubeola infection;
postmeasles meningoencephalitis
was considered but seemed less
likely than encephalopathy second-
ary to hypophosphatemia. Factors
against a complication of measles
included the 5-week interval from
the onset of measles to the appear-
ance of obvious signs of encephalo-
pathy, the normal CSF, the diffuse
metabolic-like BEG findings that
rapidly cleared and the marked
clinical improvement after correc-
tion of the low serum phosphorus
level.

The chronic gastroenteritis and
vomiting present in both infants
probably contributed to the phos-
phorus depletion before their arrival
at our hospital. These infants' neu-
rologic disorders may have been
preventable. The two errors in
clinical management were the fail-
ure to add phosphorus to the solu-
tions used for total parenteral nu-
trition and the failure to note the
initially low serum phosphorus
levels reported by the clinical chem-
istry laboratory.

These two cases emphasize the
need to (a) periodically review
basic nutritional requirements, espe-
cially in patients receiving total
parenteral nutrition, (b) ensure that
housestaff are supervised by in-
dividuals knowledgeable about pa-
renteral nutrition and (c) recognize
that profound phosphorus depletion
can present in many ways and that
correction of the metabolic derange-
ment can be life-saving.

In neonates, infants and children
with unusual neurologic disorders,
including coma, hypophosphatemia
should be considered and, if found,
corrected.
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