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Abstract

Hereditary tyrosinemia type | (HTI; OMIM 27670) is an inborn error of tyrosine metabolism, caused by a deficiency of the
enzyme fumarylacetoacetate hydrolase. This defect leads to accumulation of toxic products, which cause liver and kidney
dysfunction. In patients with HT1, IQ, executive functioning, and social cognition are also affected. We report here a case
report of a Belgian |1-year-old girl of Moroccan ethnicity with HT|. She had attention problems, which had a significant
impact on her school functioning. Neuropsychological tests showed very low scores for processing speed and executive
functioning. Therapies such as adaptations in the school and private tutoring were not sufficient to improve this. Treatment
with methylphenidate showed a significant improvement in the neuropsychological test and school functioning. This case shows
the importance of being alert for problems with executive functions in patients with HT | and to consider psychopharmacological
treatment.
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Introduction failure to thrive, and swollen abdomen. Diagnosis of HT1 came
at the age of 11 months. She was referred to the metabolic
specialist because of dystrophia, distended abdomen, and ele-
vated serum transaminases. Clinical examination showed hepa-
tomegaly, but no splenomegaly, hypotonia, and psychomotor
retardation. Laboratory investigations revealed extreme tyrosy-
luria succinylacetone in the organic acids in urine. Amino acids
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showed an increase in L-tyrosine, suggesting tyrosinosis. The
diagnosis of HT1 was confirmed by enzyme assay in leuko-
cytes showing a very low activity of fumarylacetoacetase.
Treatment with NTBC (2 mg/kg body weight/day) and dietary
treatment (0.5 g/kg body weight natural proteins supplemented
with the amino acids mixture TYR 1 [Milupa, Germany] 1.0 to
1.2 g/kg body weight/day) were started and gave a good clin-
ical and biochemical improvement: disappearance of succiny-
lation in urine, mean plasma L-tyrosine level of 260 pmol/L
(Reference: 200 pmol/L-400 pmol/L), and L-phenylalanine
level of 64 pumol/L (Reference: 26 pmol/L-98 pmol/L). How-
ever, based on the elevation of serum alkaline phosphatase and
a-fetoprotein and the risk of developing hepatocarcinoma,
a liver transplantation was performed.

After the start of therapy, her growth and weight improved.
The girl’s development was slightly retarded for motor skills
and language. She started school at the age of 2.5. She had a
liver transplantation at the age of 3.

Her progress was below average, but nevertheless she
started primary school at the age of 6. She had extra support
but had to repeat the first grade because of problems with
learning and absence because of frequent illness. Until the fifth
grade, she had extra tutoring for mathematics. School results
were still poor, and school suggested to stop primary school
without receiving her degree and go to a preparatory year of
secondary school. At this time, we examined the girl for cog-
nitive functioning (intelligence and neuropsychological
investigation).

Psychological tests showed a borderline (well below aver-
age) intelligence. There were low average scores for fluid intel-
ligence (Gf), crystallized intelligence (Gc), and visual
processing (Gv) and low to average scores for working and
short-term memory (Gsm). However, there were extremely low
scores for processing speed (Gs) and executive functioning.
Moreover, these scores were significantly lower opposed to the
other broad abilities. There were also problems with selective
attention and attention fluctuations. There was an impact on the
school functioning and it was uncertain whether the girl would
receive her certificate of primary school. During primary
school, problems with attention and distraction were reported.
She also got extra support through private tutoring and speech
therapy. Based on these tests and the problems at school, psy-
chopharmacological treatment (methylphenidate) was started
and evaluated after electrocardiogram (ECG) and agreement
from the liver transplant team and metabolic specialist. We
started with methylphenidate 2 x 5 mg/d, which was elevated
to 2 x 10 mg/d. A new investigation was performed 3 weeks
after start-up. The retest battery included tasks that measure
processing speed (Gs), working and short-term memory (Gsm),
selective attention, and executive functioning.

Evaluation by neuropsychological testing under treatment
with methylphenidate showed a massive improvement, also
as the results at the school, which continued over the last year
in primary school. The advice from school changed and she
started regular secondary school, where she is still performing
well.

Table I. Processing Speed Test Results Measured by the WISC-III-
NL Factor VS and the Bourdon-Vos Speed Standard Score.”

Before After
Test Treatment Treatment
WISC-III-NL factor VS 65 91
Bourdon-Vos standard score speed 79 102

*Results are shown in standard scores, average 100, standard deviation 5.
Test results show an improvement in processing speed after treatment.

Table 2. Selective Attention Test Results Measured by the Bourdon-
Vos Test.?

Executive Function Before Treatment After Treatment

Speed (RT tot) 17.6 13.1
Accuracy (TNE) I 4
Attention fluctuations (sd RT) 2.63 1.44

Abbreviations: RT tot, average row time, normal range 14.7 2 RT = 11.9; Sd
RT, standard deviation row time, normal range 1.9 =2 Sd = 1.3; TNE, total
number of errors.

?Test results show an improvement in speed, accuracy, and less attention
fluctuations after treatment.

Methods

A standard intelligence test was performed using the WISC-III-
NL* and the SON-R 6-40° to get insight on the different broad
abilities of intelligence, including processing speed, which was
suspected to be impaired based on school results and daily
functioning, and working memory. The Bourdon-Vos Test®
was used as a measurement for selective attention, more spe-
cifically to get insight on processing speed and accuracy during
a sustained attention task. Attention fluctuations were also
measured. Finally, 3 different aspects of executive functioning
were measured using the Delis-Kaplan executive function
system.” For response inhibition, the D-KEFS’ Color-Word
Interference Test was performed. For cognitive flexibility, the
D-KEFS’ Trail Making Test was used, and for planning and
organization, the D-KEFS’ Tower Test was used.

Results

Results show higher scores for processing speed (Gs) under
treatment with methylphenidate, measured by the WISC-III-
NL factor score VS and the Bourdon-Vos standard score for
speed (Table 1). Additionally, the Bourdon-Vos test measured
a faster speed, lower amount of mistakes, and no more attention
fluctuations under treatment (Table 2). These findings indicate
a faster processing speed and better selective attention under
treatment with methylphenidate in this patient.

Concerning executive functioning, higher scaled scores
were found on the inhibition task and the inhibition/switching
task of the D-KEFS Color-Word Interference Test after treat-
ment. Additionally, there were less mistakes made on the inhi-
bition/switching task under treatment (Table 3). These findings
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Table 3. Executive Functioning—Response Inhibition Test Results
Measured by the D-KEFS Color-Word Interference Test.?

Table 4. Working Memory Test Results Measured by the WISC-III-
NL Subtests Digit Span and Arithmetic.

Before After
Test and Subtest Treatment  Treatment
D-KEFS Color-Word Interference Test
Color naming 5 7
Word reading 8 9
Inhibition | 6
Inhibition/switching | 9
Inhibition total errors 9 8
Inhibition/switching total errors 9 12
D-KEFS Trail Making Test
Visual scanning 7 10
Number sequencing 10 12
Letter sequencing 8 9
Number—letter switching 8 10
Motor speed 7 9
Number—letter switching total errors 12 12
D-KEFS Tower Test
Total achievement score 5 Il
Average time of first step 10 12
Time per step rate 8 Il
Step accuracy rate 7 10
Rule errors 10 10

?Cognitive flexibility test results measured by the D-KEFS Trail Making Test.
Planning test results measured by the D-KEFS Tower Test. Results are shown
in scaled scores, average |0, deviation 3. Test results show an improvement in
response inhibition, cognitive flexibility, and planning skills after treatment.

show improved abilities in inhibitory control under treatment in
this patient. There was also a higher scaled score found on
number/letter switching task of the D-KEFS Trail Making Test
under treatment (Table 3). This shows a better cognitive flex-
ibility under treatment. Finally, higher scaled scores were
found on all abilities of the D-KEFS Tower Test (Table 3),
which proves a better planning and organization under
treatment.

There was no difference found in scaled scores for both
subtests of the WISC-III-NL that measure working and short-
term memory, Digit Span and Arithmetic, under treatment
(Table 4). This shows no improvement in working and short-
term memory (Gsm).

Discussion

This case report of a child with HT1 and executive problems,
who had a significant improvement in her processing speed and
executive functioning, shows the importance of thorough neu-
ropsychological investigations in these types of patients. After
the diagnosis of the neuropsychological problems in this child,

Subtest Before Treatment After Treatment
Digit span 9 8
Arithmetic 2 2

*Results are shown in scaled scores, average 10, deviation 3. Test results show
no improvement in working memory after treatment.

and proper treatment, including treatment with methylpheni-
date, her possibilities on school choice changed dramatically
because of her better achievements under treatment with
methylphenidate. Where she was first advised to stop primary
school before ending it with a degree and being referred to a
preparatory year of secondary school, which has less career
opportunities, now she was able to finish primary school in the
standard way and she is doing well in regular secondary school.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Chakrapani A, Gissen P, Mc Kierman P. Hereditary tyrosinemia
type L. In: Saudubray JM, et al. eds. Inborn Metabolic Diseases.
Germany: Springer-Verlag Berlin Heidelberg; 2016:266-270.

2. de Laet C, Dionisi-Vici C, Leonard JV, et al. Recommendations for
the management of tyrosinaemia type 1. Orphanet J Rare Dis.
2013;8:8.

3. van Ginkel WG, Jahja R, Huijbregts SC, et al. Neurocognitive
outcome in tyrosinemia type 1 patients compared to healthy con-
trols. Orphanet J Rare Dis. 2016;11(1):87.

4. Kort W, Schittekatte M, Dekker PH, et al. WISC-III NL Wechsler
Intelligence Scale for Children. Handleiding en Verantwoording.
Derde Editie NL. Amsterdam, the Netherlands: Harcourt Test Pub-
lishers/Nederlands Instituut voor Psychologen; 2005.

5. Tellegen PJ, Laros J. SON-R 6-40 Snijders-Oomen Niet-verbale
intelligentietest [Snijders-Oomen Non-Verbal Intelligence Test].
Amsterdam, the Netherlands: Hogrefe; 2011.

6. Vos PG. Bourdon Vos Test. Amsterdam, The Netherlands: Pearson;
1998.

7. Delis DC, Kaplan E, Kramer JH. Delis-Kaplan Executive Function
System: Trailmaking Test, Color Word Interference Test, Tower
Test. Psychological Corporation; 2001.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


