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Background: Phenylalanine is an essential Acid Amine participates in protein synthesis by
tyrosine. High levels of phenylalanine in the body lead to the production of large quantities of
phenyl ketone, which is excreted through urine and that is why it called as Phenylketonuria.
A defect of 1Q and attention, visual ability and speech processing in this patient. the aim of this
study was hearing threshold evaluation of this patient. Method: In a cross-sectional, descriptive
study auditory brain stem responses and otoacoustic emission of patients from 1 to13 years and
control group age range of 1 to 14 years evaluated. Results: In 31 patients (62%) delay in ABR
waves were outside of the normal range but the overall mean of all waves had in the normal
range and the average interval of waves in patients with delay in treatment delay was more than
patients group with early treatment. Conclusion: delayed-treatment was faced with more delays

in the intervals between ABR waves, although statistically was not significant.
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BACK GROUND

Phenylalanine is an essential Acid Amine participates in
protein synthesis by tyrosine. Phenylalanine hydroxylase
enzyme defect or its cofactor called BH4 leads to the ac-
cumulation of phenylalanine in the brain and body fluids.
High levels of phenylalanine in the body lead to the produc-
tion of large quantities of phenyl ketone, which is excreted
through urine and that is why it called as Phenylketonuria.
The most common organ central nervous involved in the
system. Children are normal at birth, but if be not timely
diagnosed and treated, are struck with mental retardation and
severe cognitive disorders (1). Another finding of these pa-
tients is the existence of IQ deficits, attention, abstract think-
ing, neurotransmitter disturbances and construction defects
in sub-cortical white matter and frontal lobe (2 and 3, 4, 5).
Electrophysiological studies that use the auditory evoked
potentials are one of the objective methods to evaluating the
function of auditory (6). So measuring this potential of the
hearing can be revealed functional changes in that auditory
pathway occur from the cochlea and auditory nerve to the
auditory cortex (7). It is important to know that untreated
leads to different degrees of irreversible mental retardation,
despite appropriate treatment can still remain problems with
executive function (5, 8, 12, 9, 10 and 11). Also defects of

Published by Australian International Academic Centre PTY.LTD.

IQ and attention, visual ability and speech processing in this
patient may be occurred with initiation of treatment (14, 15,
13) Korinthenberg et al by evaluating brainstem auditory
responses in 41 adolescents with a variety of HPA showed
there is statistical difference between the intervals of waves
I, IIT and III to V (16) in all patients during the first year of
life are created Phenylketonuria And in terms of shape of
the waves, there is no difference between patients group and
control group (17). Ludolph performed a clinical and elec-
trophysiological study and concluded that all patients that
treatment had been begun for them during the first months of
life have waves and intervals between waves in the normal
range (18). Leuzzi showed that the shape of waves, absolute
intervals of waves I, III, V and between wave intervals I to
III, I to V and I to V, all were in the normal range (19)
Ludolph concluded that patients with phenylketonuria can
have changes in central auditory pathway have been not still
specified a significant correlation between brain auditory
changes and diet control significantly. (20) Patricia Cotta
Mancini reported that although ABR observed differences
are still low in terms of clinical diagnosis standards but also
indicates that patients with PKU, will be with problems even
if were diagnosed and treated early for them in their brain
auditory pathways especially in pons (21).
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Launch the monitoring Center for patients with Phenyl-
ketonuria at Children’s Hospital of Tabriz, that is a referral
center for children of North West of the country became an
incentive to attempt to investigate auditory disorders in these
children in Iran for the first time.

MATERIALS AND METHODS

In a cross-sectional, descriptive study that we conducted at
the Center of Research and Clinic of monitoring patients
with Phenylketonuria located at Children’s Hospital affili-
ated to Tabriz University of Medical Sciences and Health
Services.

With regard to the power of 80% in this study Zb = 0.84
was considered. Also taking into consideration the signifi-
cance level of 0.05 was considered Za = 1.96. Also in this
formula value of r = 1 was considered due to equality of
number of people in case and control groups. By taking the
average of 25% for impairment in Case group and 5% in the
control group, according to previous studies, the sample size
was calculated at least 49 patients in each group. In this study,
50 patients with Phenylketonuria that their disease in terms of
clinical and laboratory criteria had already been proven and at
the center of Phenylketonuria disease of Children’s Hospital
of Tabriz had records outpatient follow-up and periodically in
order to continue his treatment were referred to the clinic and
50 children with fractures special for the nose for relocation
of fracture under anesthesia in the surgery room were hospi-
talized in section of ENT, during the referral to the clinic ran-
domly and tandem were selected after ensuring the absence
of withdrawal from the study for each patient.

Having phenylketonuria disease and clinic file at Chil-
dren’s Hospital of Tabriz is inclusion criteria for patients
and exclusion criteria for both groups included children with
syndromes, congenital abnormalities of the outer ear, chil-
dren with any underlying systemic disease, such as hypo-
thyroidism, diabetes, consent for the patient to participate in
the study, a history of resuscitation, mechanical ventilation,
blood transfusions and birth weight below 1500 grams. The
patients initially were otoscopic examined by a doctor who
specializes in ear, nose and then demographic, current age
and the patient’s age at diagnosis time, start time of treat-
ment and serum level of phenylalanine in the diagnostics of
serial serum level of phenylalanine During treatment and
initiation time of treatment and type of treatment regimen
and information about parent and. was recorded for patients
with phenylketonuria and using audiometer includes evalu-
ation of brain stem response to sound (Auditory brain stem
response/ABR) and the inner ear Acoustic emission (Oto-
acoustic emissions/OAE) and factors influencing its changes
were evaluated Auditory brainstem response (ABR) typical-
ly uses a click stimulus that generates a response from the
hair cells of the cochlea, the signal travels along the auditory
pathway from the cochlear nuclear complex to the inferior
colliculus in mid brain generates wave I to wave V.

Wave I: small amplitude, delayed or absent may indicate
cochlear lesion

Wave V: small amplitude, delayed or absent may indicate
upper brainstem lesion

I — III inter-peak latency: prolongation may indicate lower
brainstem lesion.

IIT — V inter-peak latency: prolongation may indicate upper
brainstem lesion.

I — V inter-peak latency: prolongation may indicate whole
brainstem lesion. Shortening of wave the interval with
normal latency of wave V indicate cochlear involvement

Results of intervals between the waves I-111, I1I-V ABRs
in the patient group compared to normal values confirms the
relative delay although generally is in the normal range.

Data Analysis

IBM SPSS 21.0 Statistics was used for data analysis. This
study employed descriptive statistics tests including mean,
standard deviation, as well as frequency and percentage.

Ethical Considerations

Prior to using the data on the patient’s records, informed
consent was obtained from the patient’s parents, and the
study procedure was approved by the Ethics Committee of
Tabriz University of Medical Sciences, on June 12, 2014,
under No. 93/3/7/9.

Since the beginning of the treatment regimen before the
start of 90 days of birth was considered as an early treat-
ment. Independent statistical t-test was used to compare the
ABR in two groups and Chi-square test and Fisher’s exact
test when necessary was used to compare OAE in the two
groups.

The overall results with ABR obtained from the patients
group in Tables 1 to 3 and Figures 1 and 2 have been drawn.

Based on the results obtained, the number of patients and
the control individuals is equality and equivalent to 50 pa-
tients in each group.

Ranging in age of patients from 1 to13 years with an av-
erage age of 5.7 years and control group age range of 1 to
14 years with an average of 6.7 years.

RESULTS

In patients group 29 (58%) were males and 21 (42%) were
female in the control group, 33 patients (66%) were males
and 17 (34%) were female.

The average head circumference in the patients in the
control group, was 34.6 and in control group was 34.9, that
both range were normal and without significant difference
statistically (P=0.155)

None of the group of patients and control has history of
blood transfusions, connected to ventilator, resurrect his-
tory and audition disorders or genetic diseases or congen-

Table 1: Left and Right Ear OAE Test Results in
Patient and Control Groups, in Percentage

Table 2 Right Ear Left Ear
Group Results (%) Refer Pass Refer Pass
Patient 12 88 14 86
Control 4 96 4 96
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Table 2: ABR Wave Intervals, Divided by Early and Delayed Treatment in the Right and Left Ears of Patients

Wave Interval I-111 I-v I-v

Group Delayed Early Delayed Early Delayed Early

Ear Left Right Left Right Left Right Left Right Left Right Left Right
Max 291 2.83 2.73 2.71 2.52 2.48 2.37 2.35 5.31 5.15 4.77 4.85
Min 1.8 1.76 1.89 1.95 1.85 1.72 1.72 1.46 3.83 3.59 3.9 3.85
Mean 2.37 225 2.18 2.15 2.14 2 2.07 2.06 4.51 4.25 4.26 422

Table 3: Investigating the Frequency Distribution of
Mental Retardation and Epilepsy in Patients with

PKU
Table 1 Mental Epilepsy
Retardation (%)
(%)
Total Patients — 50 Subjects 11 (22) 9 (18)
Delayed Treatment— 14 Subjects 7 (50) 5@35.7)
Early Treatment — 36 Subjects 4(11.1) 4(11.1)
ABR Wave Latency — 31 9(29) 8(25.8)
Subjects
6 -
5
4
3 4
B max
21 mmin
1 4
°1 -1 -V I-V
mmax 2.91 2.52 5.31
Emin 1.8 1.85 3.38
mear 2.73 2.14 4.51
Figure 1: ABR of R.ear of patients
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Figure 2: ABR of L.car of patients

ital anomalies in their parents. A history of jaundice in the
patient group 12 (24%) and in the control group, 15 (30%)
patients was not statistically significant different (P=0.499).
The number of patients that had begun with screening early

treatment for them, 36 (72%) patients and late onset was in

14 (28%) patients that were related to the period of prior
screening.

Serum levels of for patients with Phenylketonuria at di-
agnosis for an average was19.75 and with maximum of 48
and minimum of 4.3 mg per deciliter.

The average age of fathers in the group of patients 30.7
and in the control group was 29.3, and the average age of
the the mothers in patient group was 27.5 and in the control
group was 25.5, that there was no statistically significant dif-
ference between age of fathers (P=0.121), but the difference
observed in mothers’ age was significant (P=0.040).

Kinship of the parents in patients group in parents
was 7 (14%) children and in control group in parents
were 14 (28%) children. The highest relative was cousin
(male) - cousin (female).

Education level of fathers in the group of patients in 80%
(n=40) of cases at the level of diploma or less and 6% (n=3)
at the level of associate, 12% (n = 6) at the undergraduate
level and 2% (n=1) were at the postgraduate level. Maternal
education level of the patient group in 88% (n = 44) of cas-
es at the level of diploma or less and 4% (n=2) at the level
of associate, 6% (n=3) at the undergraduate level and 2%
(n=1) were at the postgraduate level. Mental retardation in
11 patients (22%) patients with PKU was seen to different
degrees and none of the control group was diagnosed with
mental retardation.

An epileptic condition was seen in 9 (18%) of child with
disease and the most common type was generalized ton-
ic-colonic seizures. None of the control subjects were diag-
nosed with epilepsy. In two cases (4%) patients’ right ear
had otitis media and in the left ear of the patients was also
seen two cases (4%), otitis media, and in the other two cases
was seen (4%) due to the presence of a grommet type B. In
31 patients (62%) delay in ABR waves were outside of the
normal range but the overall mean of all waves had in the
normal range and the average interval of waves in patients
with delay in treatment delay was more than patients group
with early treatment.

DISCUSSION

Auditory brainstem response (ABR) shows the function of
distal portion of the auditory pathway. This criterion spec-
ifies the sensitivity of the auditory pathway and helps to
neuropathological diagnosis in the direction of the auditory
nerve. A normal ABR has 5 to 7 waves and first 5 waves are
considered in neurological diagnostic purposes. Waves of 1
and 2 show respectively auditory pathway in the distal and
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proximal the cochlear nerve. Wave 3 shows the Core Ac-
tivity Spiral and Wave 4 shows the superior olive complex
activity. Wave 5 is related to activity in the lateral lemniscus-
es. Normal values in ABR are as distances between waves
[-V<=4.4, 1II-V<=2.1, 1-111<=2.3 is in milliseconds (22).
According to literature review conducted, in most studies
done on patients have been compared with phenylketonuria
disease with control group in terms of auditory brainstem
responses. (16, 17 and 18) but in our study, in addition to au-
ditory brainstem response, tympanometry and acoustic emis-
sion in the inner ear were also studied. As well as the role of
demographic factors and the possible connections between
them were evaluated. In the present study ABR performed in
children with PKU whether early treatment and delayed-on-
set treatment, on average was in the intervals between waves
of I to IIT and IIT to V and I to V and the waveforms in both
ears within natural range. But in comparison position with
normal values, delayed-treatment group, were faced with
more delays in the intervals between waves, although statis-
tically was not significant. (P>0.05)

AKNOWLEDGMENT

We thank the PKU CENTER of Tabriz medical university
involved in the care of studied patients.

REFERENCES

1. Nelson Textbook of Pediatrics, 19" edition, chapter 79,
pages 418-421.

2. Diamond, A., Prevor, M. B., Callender, G., et al. (1997).
Prefrontal cortex cognitive deficits in children treated
early and continuously for PKU. Monogr Soc Res Child
Dev, 62,1, 1.

3. Anderson, P.J., Wood, S. J., Francis, D. E., et al. (2007).
Are neuropsychological impairments in children with
early-treated phenylketonuria(PKU) related to white
matter abnormalities or elevated phenylalanine levels?
Dev Neuropsychol, 32, 645-668.

4. Scriver, C. R., & Kaufman, S. (2001). Hiperphenyl-
alaninemia: Phenylalanine hydroxilase deficiency. In
C. R. Scriver, et al. (Eds). The Metabolic and Molecular
Bases of Inherited Disease (8" ed.) (1667-1724).

5. Malloy-Diniz, L. F., Cardoso-Martins, C., Carneiro, K. C.,
et al. (2004). [Executive functions in children with phe-
nylketonuria: Variations as a function of phenilalanine
plasm level]. Arq Neuropsiquiatr, 62(2B), 473-479.

6. Durrant, J. D., & Ferraro, J. A. (2001). Potenciais au-
ditivos evocados de curta laténcia: Eletrococleografia
e audiometria de tronco encefélico. In F. E. Musiek &
W. F. Rintelmann (Eds). Perspectivas Atuais em Aval-
iagcdo Auditiva (193-238). Barueri, SP: Manole.

7. Musiek, F., Borenstein, S. P., Hall, J. W., Schwaber, M.
(1999a). Auditory brainstem response (ABR): Neurodi-
agnostic and intraoperative aplications. In J. Katz (Ed).
Handbook of Clinical Audiology (4™ ed.) (349-371).

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sao Paulo, Brazil: Ed. Manole.

Azadi, B., Seddigh, A., Tehrani-Doost, M., et al. (2009).
Executive dysfunction in treated phenylketonuric pa-
tients. Eur Child Adolesc Psychiatry, 18, 360-368.
Kanufre, V. C., Santos, J. S., Soares, R. D. L, et al.
(2001). Dietary approach for phenylketonuria. Rev Méd
Minas Gerais, 11, 129-133.

Shaw, V., & Lawson, M. (1994). Clinical Paediatric Di-
etetics. London, UK: Blackwell Science, Inc.

Mira, N. V., & Marquez, U. M. (2000). [Importance of
the diagnoses and treatment of phenylketonuria]. Rev
Saude Publica, 34, 86-96.

VanZutphen, K. H., Packman, W., Sporri, L., et al.
(2007). Executive functioning in children and adoles-
cents with phenylketonuria. Clin Genet, 72, 13—18.
DeRoche, K., & Welsh, M. (2008). Twenty-five years
of research on neurocognitive outcomes in early-treated
phenylketonuria: Intelligence and executive function.
Dev Neuropsychol, 33, 474-504.

Williams, R. A., Mamotte, C. D., Burnett, J. R. (2008).
Phenylketonuria: an inborn error of phenylalanine me-
tabolism. Clin Biochem Rev, 29, 31-41.

Santos, L. L., Magalhaes, M. D. E. C., Januario, J. N.,
et al. (2006). The time has come: a new scene for PKU
treatment. Genet Mol Res, 5, 33-44.

Korinthenberg, R., Ullrich, K., Fiillenkemper, F. (1988).
Evoked potentials and electroencephalography in ad-
olescents with phenylketonuria. Neuropediatrics, 19,
175-178.

Cardona, F., Leuzzi, V., Antonozzi, 1., et al. (1991). The
development of auditory and visual evoked potentials in
early treated phenylketonuric children. Electroencepha-
logr Clin Neurophysiol, 80, 8—15.

Ludolph, A. C., Ullrich, K., Nedjat, S., et al. (1992).
Neurological outcome in 22 treated adolescents with
hyperphenylalaninemia. A clinical and electrophysio-
logical study. Acta Neurol Scand, 85, 243-248.

Leuzzi, V., Cardona, F., Antonozzi, 1., et al. (1994). Vi-
sual, auditory, and somatosensorial evoked potentials in
early and late treated adolescents with phenylketonuria.
J Clin Neurophysiol, 11, 602—606.

Ludolph, A. C., Vetter, U., Ullrich, K. (1996). Studies
of multimodal evoked potentials in treated phenylke-
tonuria: The pattern of vulnerability. Eur J Pediatr, 155
suppl 1, 64-68.

Patricia C. M., John D. D, Ana L. P S, Maria C. M. L.
(2013). Children With Phenylketonuria Treated Early:
Basic Audiological and Electrophysiological Evalua-
tion. 0196/0202/13/3402-0236/0 < Ear and Hearing °
Copyright © 2013 by Lippincott Williams & Wilkins ¢
Hagerstown, MD

Cummings otolaryngology head and neck surgery, 16th
edition, ISBN: 978-1-4557-4696-5, Copyright © 2015
by Saunders, an imprint of Elsevier Inc, Ch 133, p.
2063-20064.





