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Medical Management and
Dialysis Therapy for the Infant

With an Inborn Error of Metabolism

Stefano Picca, MD,* Andrea Bartuli, MD,† and Carlo Dionisi-Vici, MD†

Summary: Optimal care of the neonate with hyperammonemia requires expertise in the
evaluation, medical management, and decision to initiate dialytic therapy, and therefore
compels expeditious collaboration between neonatal intensive care physicians, medical
geneticists, and pediatric nephrologists. Neonatal and dialysis nursing expertise also is
paramount for the successful provision of dialysis therapy in this setting. The current article
addresses the underlying causes, medical management strategies, and dialytic therapy con-
siderations in caring for the neonate with hyperammonemia.
Semin Nephrol 28:477-480 © 2008 Elsevier Inc. All rights reserved.
Keywords: Hyperammonemia, urea cycle defects, organic acidurias, hemodialysis, contin-
uous arteriovenous hemodialysis, continuous venovenous hemodialysis
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eonatal hyperammonemia may be caused
by primary defects of one of the en-
zymes of the urea cycle (UC), by or-

anic acidurias (OA), in which intramitochon-
rial accumulation of abnormal coenzyme A
CoA) esters inhibits the UC, or, more rarely,
y a transient defect of UC as in transient
yperammonemia of the neonate, which some-

imes occurs in premature infants. Hyperam-
onemia also may occur in inherited defects

f fatty acid oxidation but it usually is associ-
ted with hypoketotic hypoglycemia.

A routine work-up for hyperammonemia
hould be undertaken if the plasma ammo-
ium level is greater then 150 � mol/L.1,2

hen hyperammonemia is found in a neo-
ate, after ruling out vascular or parenchymal

iver dysfunction, the presence of acidosis,
ncreased anion gap, ketonuria, and abnormal
lood cell counts is strongly suggestive for an
A, whereas alkalosis with low blood urea
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itrogen are found more typically in UC de-
ects (UCD).1 A definite diagnosis is made by
he specific biochemistry work-up. Tandem
ass spectrometry, high-performance liquid

hromatography, and gas chromatography/
ass spectrometry allow acyl-carnitine, or-

anic acids, and amino acids analysis.3

HARMACOLOGIC-DIETARY TREATMENT

 pharmacologic-dietary protocol must be insti-
uted rapidly in parallel with the diagnostic
ork-up to prevent brain injures and death,

egardless of the cause of hyperammonemia.4,5

he emergency treatment has 3 main goals:
oxin removal, enzyme induction, and anabo-
ism. Protein intake must be stopped to avoid
xogenous sources of nitrogen, and adequate
aloric supply is needed to prevent endogenous
atabolism. To further promote anabolism and
nergy utilization, insulin may be added to glu-
ose solution. Because coenzymes of some of
he metabolic pathways are affected in OA, vi-
amin supplementation (eg, thiamine, biotin,
nd B12) should be tried in all cases, although
he neonatal forms of these defects are rarely
itamin-responsive. Based on the known distur-
ance of the UC by accumulated CoA esters

ecause of inhibition of N-acetylglutamate syn-
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hesis, carbamylglutamate has been used suc-
essfully in methylmalonic and propionic acid-
rias as an allosteric activator, resulting in a
ignificant increase in ammonia detoxifica-
ion.6,7 Intravenous administration of carnitine
s used to buffer the toxic intramitochondrial
ccumulation of CoA esters in OAs.8 In most
orms of UCDs, arginine synthesis is reduced.
herefore, this amino acid became essential
nd its intravenous administration is used to
romote the UC by replacing a deficient prod-
ct.1 Beginning in 1986, we have used a proto-
ol of treatment for hyperammonemic neonates
n our institution.4,5 This protocol consists of
voidance of nitrogen intake, adequate caloric
ntake (80-120 kcal/kg/d), and intravenous ad-

inistration of arginine 250 mg/kg every 2
ours (loading dose) plus 250 to 500 mg/kg/d
maintenance), carnitine 1 g (loading dose) plus
50 to 500 mg/kg/d (maintenance), hydroxyco-
alamin (1 mg/d), and biotin (10 mg/d). Energy

s supplied as parenteral glucose and, when-
ver possible, with nasogastric infusion of
rotein-free formulas. Insulin is added to
aintain blood glucose levels between 100

nd 200 mg/dL. Recently, we modified the
rotocol by adding carbamylglutamate 200
g/kg (loading dose) plus 100 mg/kg (main-

enance). In patients in whom the diagnosis
f a UCD still is pending, the use of benzoate
o promote alternative pathways for waste
itrogen disposal may be beneficial.1,9 Essen-
ial amino acids must be reintroduced as soon
s circulating ammonia levels return close to
ormal and possibly within 24 hours so as not
o induce their release from the patient’s pro-
ein stores with consequent worsening of the
atabolism.1

Dialysis therapy should be initiated in pa-
ients who do not respond to medical treatment
ithin 4 to 6 hours, and the drugs mentioned

arlier must be continued during dialysis, al-
hough the consequences of dialysis removal of
ome of these drugs have not been evaluated
ully. Recently, the role of dialysis in the re-
oval of Na-benzoate and phenylacetate has

een stressed.10 The removal of glycine and
lutamine by dialysis could be of benefit in

atients with UCD.11 d
IALYSIS OF NH4

H4 Chemistry and Toxicity

mmonium (NH4
�) is a small molecule (molec-

lar weight, 17 d) derived from ammonia gas
NH3) hydration and subsequent dissociation.
he NH3/NH4

� equilibrium is dependent on
lood pH and the shift from 7.1 to 7.5 in pH
alue may induce a 4-fold increase of NH3 that
reely diffuses into the cell, resulting in in-
reased neurotoxicity.12

Ammonium is a strong neurotoxic metabo-
ite that accumulates in neonates with primary
C disorders and OAs, both per se and via the
ccumulation of glutamine in the cytosol of
strocytes13 with cell swelling and brain edema
aused by the osmotic action of glutamine.

HEN TO INITIATE
ND WHEN TO DISCONTINUE

quick reduction of the plasma ammonium
evel is required to avoid permanent neurologic
amage or death. Simultaneous diagnosis of the
pecific defect and initial medical treatment
ust proceed simultaneously after the admis-

ion. Medical treatment must take into consid-
ration all possible metabolic causes (metabolic
ocktail) and is based on specific pharmaco-
ogic supplementation aimed at hyperammone-

ia reduction.14 Appropriate rehydration is cru-
ial to avoid further catabolism and preserve
enal function. Early response to the initial med-
cal treatment (2-4 h) generally is followed by
he progressive ammonium level decrease. In
ur series, all patients showing a decrease of
mmonium levels in the first 4 hours of medical
reatment did not need dialysis, whereas all
atients who underwent dialysis showed an

ncrease of ammonium levels.4 A 4-hour cut-off
oint to determine medical management suc-
ess may represent a useful indication to start
ialysis in these patients. However, this
-hour window should be used to prepare for
aving dialysis ready in nonresponders (am-
onium level increase or persistently �500
mol/L).15 Dialysis usually is continued until

he plasma ammonium level is steadily less
han 100 �mol/L. The decision to withdraw

ialysis depends on the response to feeding;
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e believe it is preferable to restart feeding
nder dialysis treatment to evaluate possible
yperammonemia rebound before dialysis
essation.

IALYTIC THERAPY OPTIONS

mall molecules such as ammonium are cleared
apidly by diffusive transport, so intermittent
emodialysis or continuous venovenous hemo-
ialysis (CVVHD) are preferred over hemofiltra-
ion or peritoneal dialysis. Adequate catheter
erformance (blood flow limited by small neo-
atal catheters diameter) and dialysate flow in
VVHD (5 instead of 2 L/h) are essential to
rovide optimal ammonium clearance.16 A typ-

cal CRRT prescription for this case at our insti-
ution in Italy would include the following: (1)
ccess: a 6.5F, 7-cm, dual-lumen catheter is
laced in one femoral vein; (2) modality:
VVHD is performed with a continuous renal

eplacement therapy (CRRT) machine equipped
ith neonatal blood lines and a polyethersul-

one 0.3-m2 filter; (3) prime: the circuit is prep-
imed with warmed packed red blood cells and
aline (50 mL-50 mL proportion); (4) CRRT vari-
bles: the blood flow rate is set at 30 to 40
L/min, according to the catheter perfor-
ance, the dialysis fluid flow rate is set at 5 L/h

83 mL/min); (5) infusions: a continuous infu-
ion of D-fructose-1,6-diphosphate (100 mg/
g/d) is started to compensate for phosphate
oss. During dialysis, 10% dextrose solution is
ontinued and a continuous infusion of carni-
ine (1 g/24 h) is given. Fluid loss is adjusted to
btain a slightly positive fluid balance.

Further technical considerations are dis-
ussed in more detail in the Technical Aspects
rticle of this issue.

No published studies have shown an asso-
iation between a specific dialysis modality
nd survival rates. Taking also into account
hat an ammonium concentration decrease is
he final result of more than one concomitant
vent (dialysis efficiency, catabolism reduc-
ion, medical treatment, rehydration), local
xpertise and available facilities remain, at
he moment, the main determinant for the

hoice of dialysis modality.
UTCOME

eonatal-onset UCD and OA are characterized
y a more severe outcome if compared with

ate-onset UCD and OA. In our series, we ob-
erved a mortality rate of 27.5% at 2 years, but
8% at long-term follow-up evaluation (range,
-22 y) with no significant difference between
CD and OA, whereas late-onset patients showed
nly a 10% mortality rate. Similarly, long-term cog-
itive development worsened in neonatal-onset
atients but did not deteriorate in late-onset
nes.5

The short-term prognosis of neonatal hyper-
mmonemia depends mainly on coma dura-
ion4,17 and peak ammonium level.4,15 Coma
uration longer than 30 hours before dialysis

nitiation negatively affects the outcome.4 The
ole of detoxification rapidity on short-term out-
ome16 probably becomes more relevant when
oma duration before dialysis is short. These
bservations emphasize the importance of ex-
editious diagnosis and a prompt referral of
yperammonemic infants to hospitals with in-
ant dialysis facilities. When the patient has
een referred to a tertiary care hospital, the
uccess of this treatment depends on the orga-
ization of a multidiscipline team that includes
etabolic experts, a skilled pediatric dialysis

eam, intensivists, laboratory staff, and dieti-
ians.
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