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Objectives: The present research aims to highlight the impact of hyperammonemia, a 
common pediatric metabolic disease, on children’s language and feeding skills. This research 
was conducted through a literature review and the presentation of a 2.5-year-old girl diagnosed 
with hyperammonemia.

Case Presentation: The research was conducted on a 2.5-year-old girl who had been 
diagnosed with a sudden-onset metabolic disorder that resulted in swallowing, speech, and 
language problems. The child’s receptive and productive language and feeding history were 
obtained through interviews with her mother. Formal and informal tests were used to assess the 
child’s language and feeding skills at two different times after the onset of symptoms.

Discussion: This study presents a new and unique case of a child with very high levels of 
ammonia and severe clinical manifestations of cognitive, language, and motor dysfunctions. 
Although the child did not receive any direct interventions during the study, a secondary 
assessment revealed slight improvements in some language and oral motor skills, possibly due 
to maturation and advice provided by rehabilitation team members.
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Highlights 

● The effect of metabolic disease caused by hyperammonemia, a prevalent condition in pediatric patients, has not 
been widely acknowledged regarding its impact on children’s language and feeding abilities.

● This article reviews previous research investigating the influence of metabolic disease caused by hyperammonemia 
on children’s communication and feeding skills. 

● Additionally, it presents a case study involving a 2.5-year-old child affected by hyperammonemia and discusses her 
communication and feeding skills.

● Despite differing findings from multiple studies, it seems that children with metabolic disease caused by hyperam-
monemia experience difficulties in language and feeding skills.

Plain Language Summary 

Some children are prone to have a metabolic disease caused by hyperammonemia. This disease can cause brain 
injury and death. However, the impacts of the metabolic disease caused by hyperammonemia in affected children are 
not fully understood. This study was undertaken to review previous related studies and explore the consequences of 
hyperammonemia-induced metabolic disease in affected children. Additionally, a case study was presented involving 
a child exhibiting severe and sudden onset clinical manifestations in cognitive, language, and motor functions due to 
elevated ammonia levels. The aim was to emphasize the implications of this condition for speech and language pa-
thologists. The results show that metabolic disease caused by hyperammonemia can affect language and feeding skills 
in children. However, a definitive link between this metabolic disorder and its effects on language and feeding skills is 
yet to be established, necessitating further comprehensive and well-organized research.

Introduction

yperammonemia is a metabolic disorder 
characterized by elevated ammonia levels 
in the bloodstream. It is a dangerous con-
dition predominantly affecting the pediat-
ric population that may lead to brain injury 

and death. It may be primary, caused by a genetic defect, 
or secondary, from various congenital and acquired fac-
tors, such as metabolic disorders [1-7]. Ammonia (NH3), 
the primary nitrogen source, undergoes hepatic metabo-
lism to form urea, a nitrogenous compound excreted in 
urine [4, 8, 9]. Consequently, abnormally high ammonia 
levels in the blood lead to excessive urea production, de-
tectable through blood tests [10]. Normal levels of am-
monia in the blood vary with age [11]. Plasma ammonia 
levels exceed 80 µmol/L in infants up to one month old 
and 55 µmol/L in older children. Affected newborns 
typically exhibit no symptoms at birth, with the age of 
onset ranging from hours to months after birth. Earlier 
clinical onset is associated with more profound enzymat-
ic defects [12]. Age, metabolic, nutritional status, and 
infections affect clinical manifestations [12, 13]. Early 
diagnosis and prompt treatment are essential to prevent 
life-threatening complications like cerebral edema and 

cerebral hernia. Diagnostic approaches depend on the 
presenting symptoms [11]. The estimated incidence 
of this disorder in the United States is 1 in 25000 live 
births [14]. However, for both children and adolescents, 
the global prevalence data has remained obscure [15]. 
Individuals with metabolic syndrome and hyperammo-
nemia are at higher risk for other conditions, including 
cardiovascular issues, nutritional problems, and cogni-
tive disorders [16, 17]. Neurological problems in hyper-
ammonemia arise due to compromised liver function, 
which impairs ammonia detoxification and allows toxic 
substances to affect brain function.

Despite notable progress in understanding and iden-
tifying metabolic diseases such as hyperammonemia, 
limited knowledge exists regarding this population’s 
cognitive, communicative, and oral-motor functions. A 
literature review reveals that most studies in this field 
have primarily focused on the relationship between hy-
perammonemia and physical symptoms of metabolic 
disorders in children and adolescents [5, 15, 18]. Some 
studies have also explored cognitive impairments in 
affected individuals [17, 19, 20]. Patients with hyper-
ammonemia demonstrate difficulties in memory tasks, 
primarily attributed to attention and visual perception 
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deficits [21, 22]. They also exhibit poorer performance 
than healthy individuals in motor functions, attention, 
visual perception, visual orientation, and visuoconstruc-
tive abilities [23-26]. These children seem more at risk 
for developmental delays and problems with receptive 
and expressive language [27-29]. 

This study presents a 2.5-year-old girl diagnosed with 
hyperammonemia. We investigated her receptive and 
expressive language problems and oral-motor and swal-
lowing dysfunctions. Also, we hope to draw the attention 
of specialists and physicians dealing with individuals af-
fected by hyperammonemia to the language, cognitive, 
and swallowing problems these children may experi-
ence, making early speech therapy services necessary.

Case Presentation

Patient description

A previously healthy 2.5-year-old girl was brought to a 
rehabilitation clinic in Mahmoudabad City, Iran, for her 
swallowing and communication problems that started 
one year ago due to a metabolic disorder. The diagno-
sis of metabolic disorder was made at 18 months based 
on clinical evidence, including the results of a blood test 
and magnetic resonance imaging (MRI) prescribed by a 
neurologist.

She was born to non-consanguine Iranian parents. 
According to parents’ reports and the ages and stages 
questionnaires (ASQ), she demonstrated appropriate 
development for her age in various domains, including 
gross and fine motor skills, social and communicative 
abilities, as well as feeding and weight gain issues up 

to 14 months and family history was non-contributory 
(Figure 1). Following the sudden onset of symptoms at 
16 months old, the child was admitted to a hospital in 
Mahmudabad. She was brought to the emergency care 
department exhibiting consistent seizure activity and an 
altered mental state, as indicated by a Glasgow coma 
scale (GCS) score of 8. She was admitted to the hospital 
for one week, during which her seizures were managed 
using intravenous lorazepam. However, following her 
discharge, there was a gradual decline in her previously 
acquired motor skills, including sitting, crawling, stand-
ing, and oral motor skills related to feeding. Addition-
ally, she experienced a loss of babbling sounds, as well 
as communicative abilities, which may be attributed to 
central nervous system (CNS) anomalies resulting from 
an undiagnosed metabolic deficiency. No spontaneous 
recovery of these skills was observed until she visited a 
speech therapy clinic one year later.

Clinical findings of the speech, language, and swal-
lowing evaluations at 30 months of age demonstrated no 
sign of any vocalization other than sounds of crying and 
coughing. Pathological reflexes, including rooting and 
bite reflexes, were evident. The child was referred to a 
neurology center in Tehran City, Iran, for further evalu-
ation to investigate the cause of the disorder. Electro-
encephalography (EEG) and MRI were performed and 
confirmed the existence of a metabolic disorder. Blood 
tests, endocrinologic evaluation, and genetic tests were 
performed at 36 months of age, and the cause was identi-
fied as hyperammonemia.

Figure 1. Case report timeline

Clinical findings of the speech, language, and swallowing evaluations at 30 months of age 

demonstrated no sign of any vocalization other than sounds of crying and coughing. Pathological 

reflexes, including rooting and bite reflexes, were evident. The child was referred to a neurology 

center in Tehran City, Iran, for further evaluation to investigate the cause of the disorder. 

Electroencephalography (EEG) and MRI were performed and confirmed the existence of a 

metabolic disorder. Blood tests, endocrinologic evaluation, and genetic tests were performed at 36 

months of age, and the cause was identified as hyperammonemia. 

2.2. Clinical Examinations 

2.2.1. Assessment of Language and Communication 

The children's language profile monitoring package (PANA) was used to assess the child's 

language and communicative skills. Because the child did not communicate verbally, a checklist 

for the pre-lingual stage (9-18 months) of PANA was completed. This checklist is completed based 

on the therapist's observations and the parents' reports. It contains subsections, including history 

(a detailed history of the child's pre-  and post-natal development and family history), the child's 

plays (at 8 stages of symbolic play development) and gestures (at 3 levels of deictic, symbolic, and 

theatrical/co-speech gestures) assessed during the child's free play with the parents, the child's 

attention level (based on Reynell stage of attention development), and parent's reports of the child's 

Gradual onset of symptoms  of motor 
and cognitive disorders (By 1 
standard deviation according to the 
ASQ form)

• 16 
months

Gradual onset of symptms of motor and 
cognitive disorders (By 2 standard deviation 
according to the ASQ form)
Referral for MRI to diagnose the cause

• 18 
months

Loss of previously acquired skills 
the occurrence of early pathological 
reflexes
Referral  to Rehabilitation clinic 

• 30 
months

further evaluations (including EEG 
and blood test for the accurate 
diagnosis 
Failure to receive intervention due 
to lack of family follow-up

• 36 
months
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Clinical examinations

Assessment of language and communication

The children’s language profile monitoring package 
(PANA) was used to assess the child’s language and 
communicative skills. Because the child did not com-
municate verbally, a checklist for the pre-lingual stage 
(9-18 months) of PANA was completed. This checklist 
is completed based on the therapist’s observations and 
the parents’ reports. It contains subsections, including 
history (a detailed history of the child’s pre- and post-
natal development and family history), the child’s plays 
(at 8 stages of symbolic play development) and gestures 
(at 3 levels of deictic, symbolic, and theatrical/co-speech 
gestures) assessed during the child’s free play with the 
parents, the child’s attention level (based on Reynell 
stage of attention development), and parent’s reports of 
the child’s feeding behaviors, vocalizations, intentional 
communicative acts and, receptive and expressive vo-
cabularies (based on the Persian version of MacArthur-
Bates communicative development inventories) [30-32]. 
Table 1 presents the results of evaluations at two differ-
ent times: Initial assessment (A) at 18 months of age and 
the second evaluation (B) one year later. A single exam-
iner conducted both evaluations. The scoring and inter-
pretation of the child’s performances were done simulta-
neously during the evaluation and then confirmed based 
on the recorded videos. Additionally, the accuracy of the 
scoring and interpretation of the results was confirmed 
by another speech therapist with at least 10 years of ex-
perience working with children with language disorders.

Finally, the interactive and communicative skills of the 
child were examined with the Persian version of Ros-
setti’s infant-toddler language scale, birth to three years 
[33]. This valid and reliable criterion-reference test mea-
sures 6 developmental domains from birth to 36 months: 
Interaction-attachment, pragmatics, gestures, play, lan-
guage comprehension, and language expression (Table 
2).

Evaluation of oral motor and feeding skills

The facial and oral cavity muscles’ structure and func-
tion were evaluated using the schedule for oral motor 
assessment [34], along with informal assessments per-
formed at rest and during feeding. The results are pre-
sented in Tables 3 and 4. The most striking test results 
were related to the extreme movements of the jaw that 
caused open mouth posture and drooling, as well as the 
hypotension of the tongue muscles, which led to the 
child’s feeding problems.

During one year between two evaluations, the child 
received no interventions, such as medication, occupa-
tional therapy, or speech therapy. This condition was due 
to the family’s lack of follow-up. 

Conclusion

While hyperammonemia is a well-known metabolic 
disease from the medical point of view, speech, lan-
guage, cognitive, and feeding problems that affected 
children may experience, as well as the consequences 
of these disabilities on their lives and the health and so-
cial support that these children and their families require 
have been largely overlooked in studies. In this article, 
we presented a case of late-onset hyperammonemia who 
experienced a sudden onset of symptoms and a gradual 
and severe decline in cognitive, communicative, and 
motor functions. We aimed to highlight this disorder’s 
clinical manifestations and consequences for speech and 
language pathologists. Genetic and acquired disorders 
can increase ammonia levels in the blood. Urea cycle 
disorders are the most common cause of severe am-
monia elevations, leading to recurrent, progressive, or 
chronic neurological disorders due to the toxic effects of 
ammonia accumulation and subsequent neuronal death 
[18]. Recurrent hyperammonemia episodes can cause 
a variety of symptoms, including vomiting, lethargy, 
coma, and even death in severe cases. Survivors may ex-
perience varying degrees of developmental disabilities, 
which are often correlated with the number, severity, and 
duration of hyperammonemia episodes, as well as the 
stage of brain maturation.

It has been suggested that metabolic disorders in in-
fants, particularly disorders of the urea cycle, maybe the 
cause of 20% of sudden infant death syndrome cases. 
However, the disease may remain undiagnosed in many 
cases, and the infant may pass away without a definite 
diagnosis. It is argued that some children who display 
various signs of autism spectrum or behavioral disorders 
(such as hyperactivity accompanied by screaming, self-
injury, and delirium) may be among the undiagnosed 
cases of urea cycle disorders [35].

Several studies have reported cases of acute hyperam-
monemia in individuals with late-onset inborn errors of 
metabolism, including previously healthy children, ado-
lescents, and adults [36-38]. Early diagnosis and aggres-
sive management to reduce ammonia levels in the blood-
stream are essential to prevent serious complications, 
such as increased glutamate concentrations in the CNS, 
cerebral edema, increased intracranial pressure, irrevers-
ible brain damage, and psychomotor retardation [9, 35, 
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39, 40]. These complications can lead to various com-
munication impairments, especially in younger children.

Motor and cognitive problems are common clinical 
symptoms of hyperammonemia, regardless of the under-
lying cause. For example, Petel et al. found these symp-
toms in patients with Reye syndrome [20]. Monfort et al. 
also showed that hyperammonemia is a major contribu-
tor to neurological alterations in patients with minimal 
or clinical hepatic encephalopathy, who have varying 
degrees of cognitive impairment [17]. A study in rats by 
Hernandez-Rabaza et al. reveals that hyperammonemia 
triggers neuroinflammation and increases GABAergic 

tone in the cerebellum, contributing to cognitive and mo-
tor impairment in hepatic encephalopathy [19]. 

Consistent with the studies that have shown that differ-
ent types of metabolic disorders, including hyperammo-
nemia, can affect cognitive and motor systems, the case 
presented in this study experienced acute symptoms, 
including seizures followed by gradual loss of motor 
speech as well as other communicative skills. Also, due 
to the weakness of the oral muscles, she was not able 
to suck and move his tongue and had difficulty in feed-
ing and swallowing (Table 3). It must be noted that hy-
perammonemia should be considered in the differential 

Table 1. The results of evaluation of language and communicative skills based on child’s language PANA: Pre-lingual stage

Section Results

Section 1: History

Family history

The parents were monolingual speakers of 
Persian and reported no history of speech 

and language problems in the family. 
The mother did not have any specific 

disease and did not take any medication 
during the pregnancy.

 The length of pregnancy was 40 weeks, 
and the baby’s birth weight was 3 kg.

Parents reported no physical or develop-
mental concerns in the prenatal, natal, and 
post-natal period from birth to the onset of 

the symptoms.

History of motor-speech development
ASQ shows the child had age-appropriate 

motor, social, and communicative develop-
ment.

Social, behavioral, and emotional status of the child and her 
family Normal 

Section 2: Observa-
tions and parents’ 

reports

Target of evaluation Assessment A Assessment B

Gestures and intentional com-
municative acts

No sign of any intentional 
communicative acts

The absence of any form of 
gestures being utilized 

No sign of any intentional communicative 
acts

The absence of any form of gestures being 
utilized

Vocal signals

Crying with high frequency. 
(Semivowels: The dominant 
vocalization pattern in 0-2 

months old infants)

Crying with variation prosody and high 
frequency. 

Aimless vocalization: Semivowels (the 
dominant vocalization pattern in 0-2 

months old infants)

Auditory condition Normal (reported by an 
audiologist) Normal 

The child’s level of attention Level 1 (0-1 years old): tran-
sient attention

Level 2 (1-2 years old): Paying attention to 
her favorite activity

Cognitive and behavioral devel-
opment

Aggression, physical orienta-
tion, and touching others

The child does not know how 
to use routine objects

Aggression, physical orientation, and touch-
ing others.

The child does not know how to use routine 
objects.

Receptive and productive vo-
cabulary (based on the Persian 

version of MacArthur-Bates 
communicative development 

inventories

No sign of reception or pro-
duction of words No sign of reception or production of words

A: Initial evaluation (18 months of age); B: Secondary evaluation (30 months of age).�
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diagnosis of encephalopathy and seizures, particularly 
when MRI results show symmetrical damage to the insu-
lar and cingulate cortices on both sides of the brain [40]. 

Some studies have documented the occurrence of mo-
tor impairments such as dystonia, ataxia, tremor, spastic-
ity, orofacial dyskinesia, hyperkinesia, and myopathies 
as a result of metabolic disorders [41-43], as in our study, 
this child also showed signs of motor impairments such 
as myopathy and tremors.

Although motor disorders in children with metabolic 
disorders have been well-documented in the literature, 
there is a lack of studies documenting communication 
impairments in this population.

Despite the previous age-appropriate growth (based 
on the child’s health records and ASQ results), all so-
cial, pragmatic, and language skills in the case presented 
in this study were severely impaired at the assessment 
times. She did not play in the real sense and only looked 
at objects temporarily (Tables 1 and 2). This clinical 

Table 2. Child’s profile of communication and interaction based on the Rossetti infant-toddler language scale: Birth-three 

Chronological Age (m) Interaction-attachment Pragmatic Gesture Play Perception Expression

0-3 * * - * - -

3-6 * *

6-9 *

9-12

12-15

15-18

18-21

21-24

24-27

27-30

30-33

33-36

*The results were the same in both A and B evaluations.�

Table 3. Results of Persian version of schedule for oral motor assessment [34]

Food Stuff
Oral-motor Behaviors

A B

Puree + +

Semi-solids - +

Solids - +

Cracker - +

Bottle + +

Trainer cup - +

A: Initial evaluation; B: Secondary evaluation.�
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Table 4. The results of the informal evaluation conducted to assess the structures and functions of the oral-facial region 

Oral-facial 
Structure Assessment Items

Observations (Ini-
tial and Secondary 

Evaluation)

Fa
ce

Symmetry: Normal symmetry/ droops on right side/ droops on left side N

Abnormal movements: None/ grimaces/ spasm None

Mouth breathing: Yes/no Yes

Ja
w

 a
nd

 te
et

h

As
se

ss
in

g 
th

e 
fu

nc
tio

na
lit

y 
of

 th
e 

ja
w

 w
hi

le
 p

er
fo

rm
in

g 
th

e 
ac

tio
n 

of
 m

ou
th

 o
pe

ni
ng

 a
nd

 cl
os

in
g

Range of motion: Normal/reduced R

Symmetry: Normal/ deviates to right/ deviates to left N

Movement: Normal/ jerky/ groping/ slow/ asymmetrical Slow

Temporomandibular joint noises: Absent/ grinding/ popping A

Dentition observation

Molar occlusion: Normal / class / class II/ class III N

Incisor occlusion: Normal/ overbite/ under bite/ cross bite N

Teeth: All present/ dentures/ teeth missing Teeth missing

Arrangement of teeth: Normal/ Jumbled/ spaces/ misaligned Absence of teeth

Hygiene N

Lip
s

Th
e 

cli
en

t w
as

 a
sk

ed
 to

 p
ur

se
 h

er
 

lip
s t

og
et

he
r

Range of motion: Normal/reduced R

Symmetry: Normal/ droops bilaterally/ droops right/ droops left Droops bilaterally

Strength (press tongue blade against lips): Normal/weak Weak

The client was asked to create a cheek bulge and maintain it

Lip strength: Normal/reduced R

Nasal emission: Absent/present A

To
ng

ue

Surface color: Normal/abnormal N

Movement: Normal/ absent/ jerky/ spasms/ writhing/ fasciculation A

Size: Normal/ small/ large N

Frenulum: Normal/short N

Th
e 

cli
en

t w
as

 a
sk

ed
 to

 
pr

ot
ru

de
 th

e 
to

ng
ue Excursion: Normal/ deviates to right/ deviates to left Not able to do

Range of motion: Normal/reduced R

Speed of motion: Normal/reduced R

Strength (apply opposing pressure with tongue blade): Normal/reduced R

Th
e 

cli
en

t w
as

 a
sk

ed
 

to
 p

er
fo

rm
 a

 to
ng

ue
 

re
tr

ac
tio

n 
m

an
eu

ve
r

The client was asked to perform a tongue retraction maneuver

Excursion: Normal/ deviates to right/ deviates to left Not able to do

Range of motion: Normal/reduced R

Speed of motion: Normal/reduced R
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Oral-facial 
Structure Assessment Items

Observations (Ini-
tial and Secondary 

Evaluation)

Tongue

The client 
was asked 

to move the 
tongue tip 
to the right

Excursion: Normal/ incomplete/ groping Not able to do

Range of motion: Normal/reduced R

Strength (apply opposing pressure with tongue blade): Normal/reduced R

The client was asked to move the tongue tip to the left

Excursion: Normal/ incomplete/ groping Not able to do

Range of motion: Normal/reduced R

Strength (apply opposing pressure with tongue blade): Normal/reduced R

The client 
was asked 
to move 

the tongue 
tip up

Movement: Normal/ incomplete/ groping Not able to do

Range of motion: Normal/reduced R

The client 
was asked 

to move the 
tongue tip 

down

Movement: Normal/ incomplete/ groping Not able to do

Range of motion: Normal/reduced R

Observation 
of quick 

movements 
of the 

tongue from 
side to side

Rate: Normal/ reduced/ slows down progressively Slows down progres-
sively

Range of motion: Normal/reduced on left/reduced on right Reduced bilaterally

Pharynx
Color: Normal/abnormal N

Tonsils: Absent/ normal/ enlarged N

Hard and 
soft pal-

ates

Color: Normal/abnormal N

Rugae: Normal/ very prominent N

Arch height: Normal/ high/ low N

Arch width: Normal/ narrow/ wide N

Growths: Absent/present A

Fistula: Absent/present A

Cleft: Absent/present A

Symmetry at rest: Normal/ lower on right/ lower on left N

Gag reflex: Normal/ absent/ hyperactive/ hypoactive N

The client was asked to produce the vowel sound /ɑ/

Symmetry of movement: Normal/ deviated to right/ deviated to left Lack of response, no 
movement

Posterior movement: Present/ absent/ reduced A

Lateral movement: Present/ absent/ reduced A

Uvula: Normal/ bifid/ deviated to right/ deviated to left N

Nasality: Normal/hypernasal N

Abbreviations: N: Normal; A: Absent; R: Reduced.�
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profile of performances indicates severe impairments in 
intellectual and cognitive abilities and damage to adap-
tive and communicative skills resulting from likely irre-
versible damage to the central nervous system. Although 
there were slight improvements in the child’s oral-motor 
and language skills over time, even without direct inter-
ventions, the progress was insignificant. It could be at-
tributed to natural maturation and or advice provided to 
the mother by the rehabilitation team. 

Tiwari et al. retrospectively reviewed 392 case records 
of children with different inborn metabolic disorders. 
They reported that some children had communication 
impairments, such as delayed development of speech 
and language, language impairment associated with 
autism, hearing loss, or mental retardation, and speech 
and language problems associated with attention-deficit/
hyperactivity disorder. Other studies have also reported 
communication disorders such as autism [35] and mental 
retardation [42, 44-46] as the general clinical presenta-
tion of metabolic disorders in children. However, there is 
currently a lack of research on the range of communica-
tion impairments in children with early or late-onset hy-
perammonemia. The oral-motor and communicative im-
pairment observed in our case may be linked to seizures 
and nerve damage caused by hyperammonemia rather 
than being directly caused by the disorder. More studies 
are needed to determine the full range of communication 
impairments in children with hyperammonemia. 

Despite the increasing awareness of metabolic dis-
orders globally, diagnostic laboratory tests to identify 
some life-threatening metabolic disorders have not yet 
been added to the list of disorders that are screened for 
in newborns in Iran. Due to the limited time between the 
onset of initial symptoms and the onset of irreversible 
brain damage, rapid and effective diagnosis and treat-
ment are critical. In the absence of mandatory screening 
tests that can increase the likelihood of receiving timely 
diagnosis and necessary services, paying particular at-
tention to clinical symptoms is paramount for the early 
identification of at-risk children. General developmen-
tal delay or a decline in acquired developmental skills, 
including feeding and communication skills, can be the 
first sign in some affected children. So, attention to these 
signs can be crucial in the early identification of affected 
children, in providing adequate medical care and atten-
tion, and in reducing the extent of potential damage. Fur-
thermore, considering the potential motor, cognitive, and 
communicative difficulties of children presenting with 
hyperammonemia, referral for a comprehensive assess-
ment of speech, language, and communicative abilities 
can be a crucial step in reducing the impact of the disease 

on the quality of life of affected children and their fami-
lies. Yet, it is possible that some parents may be unaware 
of the importance of screening for communication-
related impairments, or physicians can sometimes miss 
communication disorders during routine examinations. 
Conducting further studies aimed at identifying the types 
of communication problems that individuals presenting 
with early- or late-onset hyperammonemia may experi-
ence and the impact that these problems have on their 
lives can help increase awareness of professionals who 
work with these children and their families, and provid-
ing appropriate and necessary services.

Conclusion

Metabolic disease caused by hyperammonemia is a rare 
and devastating disorder that affects all aspects of life for 
both the child and their family caregivers. Children and 
adolescents with hyperammonemia are at higher risk for 
other diseases, including nutritional problems and cog-
nitive and communicative impairments. Therefore, it is 
crucial to pay attention to the rehabilitative evaluation 
and treatments following the onset of the disorder, or 
even slight declines in the cognitive and communicative 
skills that could be the first signs of a metabolic disorder. 

Ethical Considerations

Compliance with ethical guidelines

All ethical principles are considered in this article. 

Funding

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Authors' contributions

All authors equally contributed to preparing this article.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

Thank the parents of the child presented in this study, 
who allowed the authors to investigate and evaluate her 
in-depth and share the results of these evaluations

Ghazi Sh, et al. The Effect of Metabolic Disease on Language and Swallowing Skills in Children. IRJ. 2024; 22(4):717-728.

http://irj.uswr.ac.ir/


726

December 2024, Volume 22, Number 4

References

[1] Riggio O, Merli M, Capocaccia L, Caschera M, Zullo A, Pinto 
G, et al. Zinc supplementation reduces blood ammonia and 
increases liver ornithine transcarbamylase activity in experi-
mental cirrhosis. Hepatology (Baltimore, Md). 1992; 16(3):785-
9. [DOI:10.1002/hep.1840160326 ] [PMID]

[2] Redant S, Beretta-Piccoli X, Mugisha A, Attou R, Kaefer 
K, De Bels D, et al. Hyperammonemia, the last indication 
of high-volume hemodiafiltration in adult and children: 
A structured review. Blood Purification. 2019; 48(4):330-5. 
[DOI:10.1159/000501390] [PMID]

[3] Batshaw ML, Robinson MB, Hyland K, Djali S, Heyes MP. 
Quinolinic acid in children with congenital hyperammone-
mia. Annals of Neurology. 1993; 34(5):676-81. [DOI:10.1002/
ana.410340509 ] [PMID]

[4] Upadhyay R, Bleck TP, Busl KM. Hyperammonemia: 
What Urea-lly Need to Know: Case report of severe noncir-
rhotic hyperammonemic encephalopathy and review of the 
literature. Case Reports in Medicine. 2016; 2016:8512721. 
[DOI:10.1155/2016/8512721] [PMID]

[5] Olde Damink SW, Jalan R, Dejong CH. Interorgan ammo-
nia trafficking in liver disease. Metabolic Brain Disease. 2009; 
24(1):169-81. [DOI:10.1007/s11011-008-9122-5] [PMID]

[6] Paprocka J, Jamroz E. Hyperammonemia in children: On 
the crossroad of different disorders. The Neurologist. 2012; 
18(5):261-5. [DOI:10.1097/NRL.0b013e318266f58a] [PMID]

[7] Hamed SA, Abdella MM. The risk of asymptomatic hy-
perammonemia in children with idiopathic epilepsy treat-
ed with valproate: Relationship to blood carnitine status. 
Epilepsy Research. 2009; 86(1):32-41. [DOI:10.1016/j.eplep-
syres.2009.04.002 ] [PMID]

[8] Laub MC. [Hyperammonemia in valproate therapy in 
children and adolescents (German)]. Der Nervenarzt. 1986; 
57(5):314-8. [PMID]

[9] Brusilow SW, Danney M, Waber LJ, Batshaw M, Burton B, 
Levitsky L, et al. Treatment of episodic hyperammonemia in 
children with inborn errors of urea synthesis. The New Eng-
land Journal of Medicine. 1984; 310(25):1630-4. [DOI:10.1056/
NEJM198406213102503] [PMID]

[10] Ozanne B, Nelson J, Cousineau J, Lambert M, Phan V, 
Mitchell G, et al. Threshold for toxicity from hyperammone-
mia in critically ill children. Journal of Hepatology. 2012; 
56(1):123-8. [DOI:10.1016/j.jhep.2011.03.021] [PMID]

[11] Ali R, Nagalli S. Hyperammonemia. 2023 Apr 7. In: Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing; 
2024 Jan–. [PMID]

[12] Spada M, Calvo PL, Brunati A, Peruzzi L, Dell’Olio D, 
Romagnoli R, et al. Early liver transplantation for neonatal-
onset methylmalonic acidemia. Pediatrics. 2015; 136(1):e252-
6. [DOI:10.1542/peds.2015-0175 ] [PMID]

[13] Meyburg J, Das AM, Hoerster F, Lindner M, Kriegbaum H, 
Engelmann G, et al. One liver for four children: First clinical 
series of liver cell transplantation for severe neonatal urea cy-
cle defects. Transplantation. 2009; 87(5):636-41. [DOI:10.1097/
TP.0b013e318199936a ] [PMID]

[14] Khan A, Ayub M, Khan WM. Hyperammonemia is as-
sociated with increasing severity of both liver cirrhosis and 
hepatic encephalopathy. International Journal of Hepatology. 
2016; 2016:6741754. [DOI:10.1155/2016/6741754 ] [PMID]

[15] Gebreyes YF, Goshu DY, Geletew TK, Argefa TG, Zemedu 
TG, Lemu KA, et al. Prevalence of high bloodpressure, hy-
perglycemia, dyslipidemia, metabolic syndrome and their 
determinants in Ethiopia: Evidences from the National 
NCDs STEPS Survey, 2015. PloS One. 2018; 13(5):e0194819. 
[DOI:10.1371/journal.pone.0194819] [PMID]

[16] Halfon N, Verhoef PA, Kuo AA. Childhood antecedents 
to adult cardiovascular disease. Pediatrics in Review. 2012; 
33(2):51-60; quiz 1. [DOI:10.1542/pir.33-2-51] [PMID]

[17] Monfort P, Cauli O, Montoliu C, Rodrigo R, Llansola M, 
Piedrafita B, et al. Mechanisms of cognitive alterations in hy-
perammonemia and hepatic encephalopathy: therapeutical 
implications. Neurochemistry International. 2009; 55(1-3):106-
12. [DOI:10.1016/j.neuint.2009.01.021] [PMID]

[18] Ribas GS, Lopes FF, Deon M, Vargas CR. Hyperammone-
mia in inherited metabolic diseases. Cellular and Molecular 
Neurobiology. 2022; 42(8):2593-610. [PMID]

[19] Hernandez-Rabaza V, Cabrera-Pastor A, Taoro-Gonzalez 
L, Gonzalez-Usano A, Agusti A, Balzano T, et al. Neuroin-
flammation increases GABAergic tone and impairs cogni-
tive and motor function in hyperammonemia by increasing 
GAT-3 membrane expression. Reversal by sulforaphane by 
promoting M2 polarization of microglia. Journal of Neuroin-
flammation. 2016; 13(1):83. [DOI:10.1186/s12974-016-0549-z] 
[PMID]

[20] Petel D, Prasad C, Rupar T, Levin S, Zizzo AN, Sharma AP, 
et al. Hyperammonemic encephalopathy as a manifestation 
of Reye syndrome in a previously-healthy 14-year-old girl: A 
case report. Pediatric Medicine. 2020; 3. [DOI:10.21037/pm-
20-51]

[21] Tarter RE, Arria AM, Carra J, Van Thiel DH. Memory 
impairments concomitant with nonalcoholic cirrhosis. In-
ternational Journal of Neuroscience. 1987; 32(3-4):853-9. 
[DOI:10.3109/00207458709043340] [PMID]

[22] Weissenborn K, Heidenreich S, Ennen J, Rückert N, 
Hecker H. Attention deficits in minimal hepatic encepha-
lopathy. Metabolic Brain Disease. 2001; 16(1-2):13-9. 
[DOI:10.1023/A:1011654210096 ] [PMID]

[23] Gilberstadt SJ, Gilberstadt H, Zieve L, Buegel B, Collier 
RO, McClain CJ. Psychomotor performance defects in cir-
rhotic patients without overt encephalopathy. Archives 
of Internal Medicine. 1980; 140(4):519-21. [DOI:10.1001/
archinte.1980.00330160079031] [PMID]

[24] Rehnström S, Simert G, Hansson J, Johnson G, Vang J. 
Chronic hepatic encephalopathy. A psychometrical study. 
Scandinavian Journal of Gastroenterology. 1977; 12(3):305-11. 
[DOI:10.3109/00365527709180932 ] [PMID]

[25] Rikkers L, Jenko P, Rudman D, Freides D. Subclinical he-
patic encephalopathy: Detection, prevalence, and relationship 
to nitrogen metabolism. Gastroenterology. 1978; 75(3):462-9. 
[DOI:10.1016/0016-5085(78)90851-X ] [PMID]

[26] Weissenborn K, Heidenreich S, Giewekemeyer K, Rückert 
N, Hecker H. Memory function in early hepatic encephalopa-
thy. Journal of Hepatology. 2003; 39(3):320-5. [DOI:10.1016/
S0168-8278(03)00295-2 ] [PMID]

Ghazi Sh, et al. The Effect of Metabolic Disease on Language and Swallowing Skills in Children. IRJ. 2024; 22(4):717-728.

http://irj.uswr.ac.ir/
https://doi.org/10.1002/hep.1840160326
https://pubmed.ncbi.nlm.nih.gov/1505922/
https://doi.org/10.1159/000501390
https://pubmed.ncbi.nlm.nih.gov/31291618/
https://doi.org/10.1002/ana.410340509
https://doi.org/10.1002/ana.410340509
https://pubmed.ncbi.nlm.nih.gov/7694541/
https://doi.org/10.1155/2016/8512721
https://pubmed.ncbi.nlm.nih.gov/27738433/
https://doi.org/10.1007/s11011-008-9122-5
https://pubmed.ncbi.nlm.nih.gov/19067143/
https://doi.org/10.1097/NRL.0b013e318266f58a
https://pubmed.ncbi.nlm.nih.gov/22931730/
https://doi.org/10.1016/j.eplepsyres.2009.04.002
https://doi.org/10.1016/j.eplepsyres.2009.04.002
https://pubmed.ncbi.nlm.nih.gov/19446440/
https://pubmed.ncbi.nlm.nih.gov/3088461/
https://doi.org/10.1056/NEJM198406213102503
https://doi.org/10.1056/NEJM198406213102503
https://pubmed.ncbi.nlm.nih.gov/6427608/
https://doi.org/10.1016/j.jhep.2011.03.021
https://pubmed.ncbi.nlm.nih.gov/21703182/
https://pubmed.ncbi.nlm.nih.gov/32491436/
https://doi.org/10.1542/peds.2015-0175
https://pubmed.ncbi.nlm.nih.gov/26077484/
https://doi.org/10.1097/TP.0b013e318199936a
https://doi.org/10.1097/TP.0b013e318199936a
https://pubmed.ncbi.nlm.nih.gov/19295306/
https://doi.org/10.1155/2016/6741754
https://pubmed.ncbi.nlm.nih.gov/27847646/
https://doi.org/10.1371/journal.pone.0194819
https://pubmed.ncbi.nlm.nih.gov/29742131/
https://doi.org/10.1542/pir.33-2-51
https://pubmed.ncbi.nlm.nih.gov/22301031/
https://doi.org/10.1016/j.neuint.2009.01.021
https://pubmed.ncbi.nlm.nih.gov/19428813/
https://pubmed.ncbi.nlm.nih.gov/34665389/
https://doi.org/10.1186/s12974-016-0549-z
https://pubmed.ncbi.nlm.nih.gov/27090509/
https://doi.org/10.21037/pm-20-51
https://doi.org/10.21037/pm-20-51
https://doi.org/10.3109/00207458709043340
https://pubmed.ncbi.nlm.nih.gov/3596928/
https://doi.org/10.1023/A:1011654210096
https://pubmed.ncbi.nlm.nih.gov/11726083/
https://doi.org/10.1001/archinte.1980.00330160079031
https://doi.org/10.1001/archinte.1980.00330160079031
https://pubmed.ncbi.nlm.nih.gov/7362383/
https://doi.org/10.3109/00365527709180932
https://pubmed.ncbi.nlm.nih.gov/866992/
https://doi.org/10.1016/0016-5085(78)90851-X
https://pubmed.ncbi.nlm.nih.gov/680502/
https://doi.org/10.1016/S0168-8278(03)00295-2
https://doi.org/10.1016/S0168-8278(03)00295-2
https://pubmed.ncbi.nlm.nih.gov/12927916/


727

December 2024, Volume 22, Number 4

[27] Dodich A, Cerami C, Inguscio E, Iannaccone S, Magnani 
G, Marcone A, et al. The clinico-metabolic correlates of lan-
guage impairment in corticobasal syndrome and progressive 
supranuclear palsy. NeuroImage: Clinical. 2019; 24:102009. 
[DOI:10.1016/j.nicl.2019.102009 ] [PMID]

[28] Hassiotou F, Geddes DT. Programming of appetite control 
during breastfeeding as a preventative strategy against the 
obesity epidemic. Journal of Human Lactation: Official Jour-
nal of International Lactation Consultant Association. 2014; 
30(2):136-42. [DOI:10.1177/0890334414526950] [PMID]

[29] Wittcopp C, Conroy R. Metabolic syndrome in children 
and adolescents. Pediatrics in Review. 2016; 37(5):193-202. 
[DOI:10.1542/pir.2014-0095 ]

[30] Hegde MN, Maul CA. Language disorders in children: An 
evidence-based approach to assessment and treatment. Lon-
don: Pearson; 2006. [Link]

[31] Paul R. Language disorders from infancy through adoles-
cence: Assessment & intervention. Missouri: Mosby; 2007. 
[Link]

[32] Westby C. Relationships between pretend play in pre-
school and later language skills. Word of Mouth. 2017; 29(1):9-
11. [DOI:10.1177/1048395017726551c]

[33] Oryadi Zanjani M, Vahab M, Rasouli J, Ghasemi S, Yazdi-
zade A. Center-based care and language development: A 
pilot study on 6-15 month-old Persian-speaking children. 
Journal of Rehabilitation Sciences & Research. 2016; 3(1):1-4. 
[DOI:10.30476/jrsr.2016.41084]

[34] Zarei Mahmood Abadi M, Yadegari F, Mehdizade M, 
Bakhshi E. Test-Retest and Inter-Rater reliability study of the 
schedule for oral-motor assessment in Persian Children. Ira-
nian Rehabilitation Journal. 2018; 16(1):45-54. [DOI:10.29252/
nrip.irj.16.1.45]

[35] Tiwari S, Kallianpur D, DeSilva KA. Communication im-
pairments in children with inborn errors of metabolism: A 
preliminary study. Indian Journal of Psychological Medicine. 
2017; 39(2):146-51. [DOI:10.4103/0253-7176.203125 ]

[36] Deodato F, Boenzi S, Rizzo C, Abeni D, Caviglia S, Picca 
S, et al. Inborn errors of metabolism: an update on epidemi-
ology and on neonatal-onset hyperammonemia. Acta Paedi-
atrica (Oslo, Norway: 1992) Supplement. 2004; 93(445):18-21. 
[DOI:10.1111/j.1651-2227.2004.tb03050.x ] [PMID]

[37] Mak CM, Lee HC, Chan AY, Lam CW. Inborn errors of me-
tabolism and expanded newborn screening: Review and up-
date. Critical Reviews in Clinical Laboratory Sciences. 2013; 
50(6):142-62. [DOI:10.3109/10408363.2013.847896 ] [PMID]

[38] Saudubray JM, Garcia-Cazorla À. Inborn errors of metabo-
lism overview: Pathophysiology, manifestations, evaluation, 
and management. Pediatric Clinics of North America. 2018; 
65(2):179-208. [DOI:10.1016/j.pcl.2017.11.002 ] [PMID]

[39] Limón ID, Angulo-Cruz I, Sánchez-Abdon L, Patricio-Mar-
tínez A. Disturbance of the glutamate-glutamine cycle, sec-
ondary to hepatic damage, compromises memory function. 
Frontiers in Neuroscience. 2021; 15:578922. [DOI:10.3389/
fnins.2021.578922 ] [PMID]

[40] Singh S, Koiri RK, Trigun SK. Acute and chronic hyperam-
monemia modulate antioxidant enzymes differently in cer-
ebral cortex and cerebellum. Neurochemical Research. 2008; 
33(1):103-13. [DOI:10.1007/s11064-007-9422-x ] [PMID]

[41] García-Cazorla A, Wolf NI, Serrano M, Pérez-Dueñas B, 
Pineda M, Campistol J, et al. Inborn errors of metabolism and 
motor disturbances in children. Journal of Inherited Metabol-
ic Disease. 2009; 32(5):618-29. [DOI:10.1007/s10545-009-1194-
9 ] [PMID]

[42] Das AM, Steuerwald U, Illsinger S. Inborn errors of 
energy metabolism associated with myopathies. Jour-
nal of Biomedicine & Biotechnology. 2010; 2010:340849. 
[DOI:10.1155/2010/340849 ] [PMID]

[43] Eggink H, Kuiper A, Peall KJ, Contarino MF, Bosch AM, 
Post B, et al. Rare inborn errors of metabolism with move-
ment disorders: A case study to evaluate the impact upon 
quality of life and adaptive functioning. Orphanet Journal of 
rare Diseases. 2014; 9:177. [DOI:10.1186/s13023-014-0177-6 ] 
[PMID]

[44] Choudhuri T, Sengupta S. Inborn error of metabolism-An 
Indian perspective. International Journal of Human Genetics. 
2006; 6(1):89-91. [DOI:10.31901/24566330.2006/06.01.09 ]

[45] Kumta NB. Inborn errors of metabolism (IEM)-an Indian 
perspective. The Indian Journal of Pediatrics. 2005; 72(4):325-
32. [DOI:10.1007/BF02724016 ] [PMID]

[46] Raghuveer TS, Garg U, Graf WD. Inborn errors of metabo-
lism in infancy and early childhood: An update. American 
Family Physician. 2006; 73(11):1981-90. [PMID]

Ghazi Sh, et al. The Effect of Metabolic Disease on Language and Swallowing Skills in Children. IRJ. 2024; 22(4):717-728.

http://irj.uswr.ac.ir/
https://doi.org/10.1016/j.nicl.2019.102009
https://pubmed.ncbi.nlm.nih.gov/31795064/
https://doi.org/10.1177/0890334414526950
https://pubmed.ncbi.nlm.nih.gov/24646683/
https://doi.org/10.1542/pir.2014-0095
https://cir.nii.ac.jp/crid/1130000798086219776
https://www.google.com/books/edition/Language_Disorders_from_Infancy_Through/QxLfgByBvToC?hl=en&gbpv=0
https://www.google.com/books/edition/Language_Disorders_from_Infancy_Through/QxLfgByBvToC?hl=en&gbpv=0
https://doi.org/10.1177/1048395017726551c
https://doi.org/10.30476/jrsr.2016.41084
https://doi.org/10.29252/nrip.irj.16.1.45
https://doi.org/10.29252/nrip.irj.16.1.45
https://doi.org/10.4103/0253-7176.203125
https://doi.org/10.1111/j.1651-2227.2004.tb03050.x
https://pubmed.ncbi.nlm.nih.gov/15176714/
https://doi.org/10.3109/10408363.2013.847896
https://pubmed.ncbi.nlm.nih.gov/24295058/
https://doi.org/10.1016/j.pcl.2017.11.002
https://pubmed.ncbi.nlm.nih.gov/29502909/
https://doi.org/10.3389/fnins.2021.578922
https://doi.org/10.3389/fnins.2021.578922
https://pubmed.ncbi.nlm.nih.gov/33584185/
https://doi.org/10.1007/s11064-007-9422-x
https://pubmed.ncbi.nlm.nih.gov/17676388/
https://doi.org/10.1007/s10545-009-1194-9
https://doi.org/10.1007/s10545-009-1194-9
https://pubmed.ncbi.nlm.nih.gov/19731074/
https://doi.org/10.1155/2010/340849
https://pubmed.ncbi.nlm.nih.gov/20589068/
https://doi.org/10.1186/s13023-014-0177-6
https://pubmed.ncbi.nlm.nih.gov/25425461/
https://doi.org/10.31901/24566330.2006/06.01.09
https://doi.org/10.1007/BF02724016
https://pubmed.ncbi.nlm.nih.gov/15876762/
https://pubmed.ncbi.nlm.nih.gov/16770930/


This Page Intentionally Left Blank


