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MAIN MANIFESTATIONS OF METABOLIC
EMERGENCIES

a. Metabolic acidosis + severe ketosis

Severe ketosis in newborn or infants is the key
to the diagnosis for organic aciduria. The most fre-
quent organic acidurias are: propionic and methyl
malonic aciduria, multiple carboxylase deficiency,
isovaleric aciduria, 3-oxotiolase deficiency.

Routine laboratory tests reveal: low pH, low bi-
carbonate level, increase in the anionic deficiency,
low urine pH.

Hyperchloremic acidosis and anion deficiency
determine intestinal loss or renal tubular acidosis.
The spectrometric analysis of organic acids is es-
sential for the differential diagnosis.

Metabolic acidosis can be caused by the accu-
mulation of carboxylic acid (for example: lactic
acidemia, pyroglutamic aciduria) or by severe ke-
toacidosis, in which acetoacetic acid and 3-hydrox-
ibutiric acid accumulate in the blood. These are
classic metabolic emergencies (5,9,10).

Severe ketosis and metabolic ketoacidosis are
signs of organic acidurias. The initial episode can
debut with vomiting, anorexia and lethargy and
progresses fast to severe acidosis, dehydration,
coma and apnea. In the absence of intubation and
assisted ventilation, the infant deceases.

Infants with sepsis can be acidotic, but they do
not have ketosis. A septic infant with massive keto-
nuria must be investigated and treated for organic
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aciduria. Laboratory tests indicate severe acidosis:
pH = 6.9-7.2; the bicarbonate level under 5 mEq/l,
urine pH under 5.5 (5,9).

In the organic aciduria acute crisis, the level of
lactic acid in the blood is very high and can contrib-
ute to acidosis. The following may also be present:
hypoglycaemia, hypocalcemia, hyperammonemia.
Hematologic examination: neutropenia, thrombo-
cytopenia and sometimes anemia. The maple syrup
urine disease can appear as a metabolic emergency,
but acidosis is mild/absent.

Carbohydrate metabolism disorders, especially
glucose-6-phosphatasa von Gierke deficit as well
as fructose-6-diphosphatasa deficiency and glyco-
gen synthase deficiency can have high levels of ke-
tone bodies in the blood. However, it is rarely an
acute acidotic metabolic emergency, hypoglycae-
mia being more frequent (4).

b. Lactic acidemia + mitochondrial disease

Inborn anomalies characterised by lactic acide-
mia are divided into two categories:

— anomalies of gluconeogenesis;

— oxidation defects.

Lactic acidemias are a group of conditions of
pyruvate metabolism. The accumulation of pyru-
vate does not lead to important increases in the py-
ruvate concentration, but to its conversion into lac-
tate and alanine.

The genetic causes of lactic acidemia are repre-
sented by gluconeogenesis and oxidation defects.
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Their differentiation is useful in determining the
optimum treatment. Inborn metabolic diseases pro-
ducing secondary lactic acidemia include: propi-
onic and methyl-malonic acidemia, isovaleric acid-
uria, 3-hydroxi-3-methilglutamic aciduria, pyro-
glutamic aciduria. An unusual cause for lactic aci-
dosis is D-lactic acidemia determined by the ab-
sorption of the D-lactic acid produced by intestinal
bacteria. Patients suffer from malabsorption or
short bowel syndrome, metabolic acidosis and mas-
sive lactic aciduria (2,4,10).

c. Hypoglycemia

Hypoglycemia must be immediately recognized
and efficiently treated in order to prevent brain de-
struction.

The metabolic causes of hypoglycaemia must be
elucidated based on the evaluation of the response
to fasting and the determination of free fatty acids,
acetoacetate and 3-hydroxi-butirate in the blood.
These enable the differentiation between ketotic
hypoglycemia in carbohydrate metabolism diseas-
es and hypoketotic hypoglycemia, which — in the
absence of hyperinsulinemia — includes fatty acid
oxidation disorders.

Acute hypoglycemia is the manifestation of
many diseases. Often, the acute episode can be fa-
tal. Classic symptoms include sweat, paleness, ir-
ritability, quivers, but convulsions and coma can
also be initial manifestations, especially in new-
born. Cephalalgia, lethargy, psychosis, behavioural
changes can be noticed in older children, while ap-
nea, tachypnea, cyanosis and hypothermia can
emerge in newborn. Surprisingly, patients with the
von Gierke disease and glycogen synthesis defi-
ciency have hypoglycaemia without showing
symptoms.

Hypoglycemia after a short fasting period signi-
fies a carbohydrate metabolism disease, and after a
long fasting period suggests fatty acid disorder. 6-8
hours of fasting lead to hypoglycaemia in patients
with glycogenesis type I or glycogen synthase defi-
ciency (1,5,9).

1. Ketotic hypoglycemia

Classically, the syndrome known as “ketotic hy-
poglycemia” manifests symptomatic hypoglycae-
mia in the morning after a long fast, often precipi-
tated by an intercurrent disorder. During hypo-
glycemia, ketone bodies are present in the urine,
and the concentration of acetoacetate and 3-hy-
droxibutirate in the blood is high. In the physical
examination, patients can be short and with dimin-
ished subcutaneous cell tissue and can have a his-
tory of low birth weight.

The two diseases in which ketotic hypoglycae-
mia is found are:

— glycogen synthase deficiency;

— succinyl-CoA 3-oxoacid CoA-transferase (4,10).

2. Hypoglycemia in carbohydrate metabolism
disorders

Patients with glycogenosis type III have low
blood concentrations of alanine, hepatomegaly, and
do not respond to glucagon after fasting.

Patients with glycogenosis type I or von Gierke
disease have high concentrations of alanine. Hypo-
glycemia appears early and is recurrent. Lactate
concentrations are high and ketonuria is frequent.

Patients with gluconeogenesis disorders such as
glycerol-kinase deficiency, pyruvate-carboxylase
deficiency, pyruvate-carboxykinase deficiency or
fructose-1,6-diphosphatase deficiency tend to have
high concentrations of alanine and lactate in their
blood (5,7).

3. Hypoglycemia in glycogen synthase defi-
ciency

The glycogen synthase deficiency is a rare cause
for hypoglycemia. Patients show hypoglycemia a
jeun, usually without acidosis, but with high con-
centrations of acetoacetate and 3-hydroxibutirate
and ketonuria. During hypoglycemia, alanine and
lactate concentrations are low, but feeding or a glu-
cose tolerance test lead to hyperglycemia and high
lactate concentrations in the blood (5,7).

4. Hypoglycemia in fatty acid oxidation dis-
orders

Hypoketotic hypoglycaemia means a fatty acid
oxidation disorder. The absence of ketone bodies in
the urine during hypoglycemia is a key element.
The sudden death syndrome is another form of pre-
sentation, and some of the patients show myopathy
or cardiomyopathy.

The MCAD (medium-chain-acyl-CoA dehydro-
genase) deficiency is the most frequent of these dis-
orders (5,7).

d. Hyperammoniemia

High concentrations of ammonia appear in dif-
ferent inborn metabolic diseases: urea cycle disor-
ders, organic acidurias and fatty acid oxidation dis-
orders.

Classically, the urea cycle disorders debut with a
neonatal or potentially lethal coma. The first step in
evaluating a patient, particularly an infant, in a
coma, 1s to measure the ammonia concentration in
the blood. The following step is the quantification
of the serum concentration of bicarbonate, sodium,
chloride and the deficiency of anions and ketone
bodies in the urine (4).
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Acidosis accompanied by severe ketosis signi-
fies organic aciduria (example: propionic aciduria,
methyl-malonic aciduria and isovaleric aciduria) or
carboxylase deficiency.

Hyperammoniemic coma in the urea cycle de-
fects can lead to hypoxia and lactic acidosis.

The final diagnosis of the urea cycle anomalies
is based on the quantitative analysis of amino acid
concentrations in the blood and urine.

The differential diagnosis of hyperammoniemia
includes the HHH (hyperammoniemia-hyperorni-
thinemia-homocitrullinuria) syndrome character-
ized by deficiency of the ornithine transporter to
the mitochondrial membrane and lysinuric protein
intolerance.

e. Acute neurologic and psychiatric manifes-
tations

The acute or recurrent coma, ataxia or abnormal
behaviour attacks are major characteristics espe-
cially of the inborn metabolic diseases with tardy
debut. Certain significant metabolic manifestations
such as acidosis or ketosis can be moderate or tran-
sient. On the other hand, in the advanced stage of
organic dysfunction, many laboratory anomalies
(metabolic acidosis, hyperlactic acidemia, hyper-
ammoniemia, signs of liver failure) can be second-
ary consequences of hemodynamic shock and mul-
tisystem failure (4,10).

Acute metabolic brain edema must be recog-
nized and treated early in order to prevent hernia-
tion and decease. It is found especially in acute hy-
perammoniemias  (ornithine transcarbamylase
deficiency) and in the maple syrup urine disease.

Acute hemiplegia can be a symptom found in
organic acidurias, particularly propionic and meth-
yl-malonic aciduria, as well as in phosphoglycer-
ate-kinase deficiency and mitochondriopathies.

An acute debut with extrapyramidal signs dur-
ing a non-specific intercurrent sickness, minor sur-
gical trauma or immunization can be interpreted
erroneously as encephalitis, because it can be a sign
of severe metabolic disease.

In glutaric aciduria type I, acute encephalopath-
ic crisis appears typically between 6 and 18 months.
Metabolic shock can be noticed in some metabolic
diseases: homocystinuria, congenital glycosylation
diseases, urea cycle anomalies, Menkes and Fabry
disease.

The classical brain shock as well as cardiovas-
cular accidents can be caused by metabolic diseases
(homocystinuria, Fabry disease).

Acute ataxia or the psychiatric manifestations
can be signs of organic acidurias or of the maple
syrup urine disease with tardy debut.

The urea cycle disorders can include acute atax-
ia or psychiatric symptoms such as hallucinations,
delirium, aggressiveness, anxiety, dizziness, schizo-
phrenia-like symptoms.

Mitochondrial diseases manifest at the level of
the energy-consuming structures of the central ner-
vous system, such as basal ganglions, capillary and
brain endothelium.

Acute ataxia associated with peripheral neurop-
athy is frequently found in patients with pyruvate
dehydrogenase deficiency. The moderate/important
increase in the lactate, with a normal lactate/pyru-
vate ratio and the absence of ketosis support the
diagnosis. In exchange, ataxia associated with a
high lactate/pyruvate ratio suggests multiple car-
boxylase deficiency.

Certain inborn metabolic diseases such as the
HARTNUP diseases can show acute recurrent atax-
ia. Some typical traditional symptoms (cutaneous
rash, pellagra, sun intolerance) can impose testing
urine amino acids confirming the diagnosis (4,10).

Acute intermittent porphyria and hereditary
coproporphyria is characterised by recurrent at-
tacks of vomiting, abdominal pain, non-specific
neuropathy and psychiatric symptoms. Psychiatric
symptoms can also be present in the cell methyla-
tion disorders such as methyl-tetrahydrofolate re-
ductase deficiency. Other neurologic symptoms in-
clude shock, convulsion and myelopathy episodes.

EMERGENCY TREATMENT IN INBORN
METABOLIC DISEASES

The correct and timely treatment of the initial
disease episode and subsequently during the epi-
sodes triggered by the failure to observe the diel or
by recurrent infections is the most important factor
determining the evolution of the inborn metabolic
diseases running the risk of acute metabolic de-
compensation.

In the diseases running the risk of acute meta-
bolic decompensation, the emergency treatment
must be initiated even in the absence of a full diag-
nosis. The administration of a sufficient amount of
fluids and electrolytes is compulsory (2).

The energetic needs of infants with inborn meta-
bolic diseases are indicated in Table 1.

In the conditions in which the symptoms are due
to an “acute intoxication”, the treatment is based on
the quick decrease of toxic molecules.

In amino acid catabolism diseases, such as the
maple syrup urine disease, classical organic acid-
urias or urea cycle defects, the toxic compounds
can come both from exogenous and endogenous
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TABLE 1. Necessary energy for infants with inborn metabolic diseases

Disease

Necessary energy

Diseases that need anabolism:
— organic acidurias, maple syrup urine diseases, urea
cycle disorders

— 60-100 kcal/kg/day;

—15-20 g glucose/kg/day

—2 g lipids/kg/day

—insulin: 0.05 Ul/kg/hour (the dose will be adjusted
depending on the glycemia level)

Diseases that need glucose stabilization
(low fasting tolerance):

type |, gluconeogenesis disorders, galactosemia,
fructose intolerance, tyrosinemia

— fatty acid oxidation defects, glycogen storage diseases | — glucose: 7-10 mg/kg/ min
(approximately 10 g/kg/day)

Perturbed energy metabolism diseases:
— pyruvate-dehydrogenase deficiency
— electron transport disorders

— decrease in the glucose intake: 2-3 mg/kg/min
(approximately 3 g/kg/day)
—glucose 10-15 g/kg/day

sources. The major objective of the treatment is to
stop the natural protein intake until the end of the
crisis, but not for more than 12-48 hours, reverse
catabolism and further anabolism.

Emergency therapeutic measures in patients
with amino acid catabolism diseases with intercur-
rent infections and metabolic perturbations (for in-
stance: ketonuria) consist of more frequent meals
high in carbohydrates and salt and low intake of
natural proteins.

The following detoxifying medication is recom-
mended:

— Carnitine in organic acidurias;

— Benzoate, phenyl acetate and arginine or ci-
trulline in hyperammonemias.

Periodically, the awareness state, food tolerance
and therapy tolerance will be monitored.

Mounting a venous catheter is essential, as well
as the use of a nasogastric probe (for instance: in
the maple syrup urine disease, for the administra-
tion of the amino acid mixture).

The calculation of maltodextrin/dextrose, fluids
and proteins will consider the ideal calculated
weight, not the current weight.

The administration of insulin must begin early,
especially in the presence of severe ketose.

Acute severe ketoacidosis episodes need special
supportive therapy. Large amounts of glucose, flu-
ids, electrolytes, bicarbonate and carnitine (200 to
300 mg/kg) will be perfused.

After an initial bolus of 20 ml/kg Ringer or
physiologic serum, 75-150 mEq/l bicarbonate will
be administrated intravenously (75 mEg/] in severe
ketosis; 150 mEg/l in coma or if the bicarbonate
level is under 10 mEq/l) (5,7,9).

Diuresis forced with high amounts of fluids and
Furosemide is useful in methyl-malonic aciduria.

In isovaleric aciduria, glycine 500 mg/kg will be
administrated for the excretion of isovalerylgly-
cine.

In the maple syrup urine disease, the treatment
consists in administrating amino acid mixtures
without leucine, isoleucine and valine (2 g/kg).

In metabolic emergencies with hyperammone-
mia benzoate and phenilacetate will be adminis-
trated intravenously. Zofran 0.15 mg/kg is adminis-
trated intravenously to control the vomiting
accompanying hyperammoniemia. If ammoniemia
exceeds 600 pmol/l (100 pg/dl), extracorporeal di-
alysis is recommended.

In aminoacidopathies (phenylketonuria, homo-
cystinuria and tyrosinemia), the toxic metabolites
lead especially to chronic organic destruction and
determine metabolic emergencies to a smaller ex-
tent. Hepatorenal tyrosinemia can lead to liver fail-
ure (5,7,9).

In tyrosinemia type I, Nitisone (NTBC) — a p-
hydroxyphenyl-pyruvate dioxygenase inhibitor
blocking the genesis of toxic fumaryl-acetoacetate
and its derivatives — will be administrated.

In galactosemia or fructose intolerance, in which
toxic metabolites derive predominantly from exog-
enous sources, therapy consists in the elimination
of the galactose and fructose intake.

In fatty acid oxidation defects and gluconeogen-
esis, glucose will be administrated in sufficient
amounts to restore and maintain the glycemic level
at normal values.

Carnitine supplements in fatty acid oxidation
defects is controversial. The long-term manage-
ment excludes fasting.

In conditions perturbing the energy metabolism
(pyruvate-dehydrogenase defects, Krebs cycle dis-
orders etc.), the emergency treatment focuses on
the correction of the life-threatening acidosis and
lactic acidemia. The correction of metabolic acido-
sis imposes the administration of a high amount of
bicarbonate. Depending on the cause, the level of
lactic acidemia can be reduced by dialysis or by di-
chloroacetate administration.
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In the mitochondrial disease, the administration
of coenzyme Q10, vitamin E and a B vitamin com-
plex (thiamine, riboflavin, niacin, pyridoxine, bio-
tin, pantothenic acid) is recommended. The pres-
ence of carnitine deficiency in the blood or of the
high urine excretion of carnitine imposes the ad-
ministration of L-carnitine (5,7,9).

The last objective of the treatment is to prevent
irreversible brain damage. Mannitol will be admin-
istrated in treating brain edema, which can improve
detoxification by increasing diuresis. High intracra-
nial pressure will be surgically monitored.

In metabolic emergencies, nutrition is very im-
portant, enteral nutrition can be useful temporarily
in these patients, and full parenteral nutrition is the
election method in patients with intestinal intoler-
ance, with high energy needs or with invasive tech-
niques for toxin elimination (3).
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