




CASE REPORT

رشد ناکافی دور سر:علت ارجاع•

 ۴٨:گرم،قد  ٢٧٠٠:ماهه با وزن تولد ٢شيرخوار دختر  •
سانتيمتر ٣٣سانتيمتر و دورسر 

حاصل سزارين•

•G2L2
والدين منسوب•



CASE REPORT
.ماهگی گردن ميگيرد و با تاخير می نشيند ۴در سير تکاملی بيمار در •
:ماهگی ١٠در سن •

گرم ٧٧۵٠: وزن)Z-SCORE: -1(

سانتيمتر ۶٨: قد)Z-SCORE: -1(

سانتيمتر  ۴١: دور سر)Z-SCORE: -3(

 نرمال: سونوگرافی شکم و مغز

 نرمال: آزمايشات اوليه رشد

شداده فرستآزمایشات تکميلی متابوليک  که با توجه به شرايط بيمار



Case report



Plasma aminoacid



Urine organic acid



Plasma acylcarnitine



TREATMENT

رسی درخواست شد و درمان جايگزينی اسيد آمينه های ضروری برای بيمار شروع شد و توصيه به انجام برمشاوره تغذيه •

.شد ژنتيک



WES



TREATMENT

•BCAA
•Isoleucin
•Valine 



:ماهگی ١٨سن 

گرم  ٨٨٠٠: وزن)Z-SCORE: -1(

تا2-(سانتيمتر  ٧۶: قدZ-SCORE: -1(

سانتيمتر  ۴٢: دور سر)Z-SCORE: -3(

.چهار دست و پا راه ميرود، هنوز نمی ايستد و ميکروسفالی دارد

نرمال       EEG:    مشاوره نورولوژی 



Follow up

11021Leucine 

6610Isoleucine 

21744Valine



BCAA

• Branched-chain amino acids are essential 
amino acids involved in :

• vital cellular reactions such as protein turnover 
regulation, autophagy signalling, 
mitochondrial function and neurotransmitter 
metabolism



BCAA metabolism

• The first reaction, which occurs primarily in 
muscle:

• reversible transamination to 2-oxo- (or keto) 
acids

• followed by oxidative decarboxylation to CoA 
derivatives by BCKD



BCAA pathway



BCAA metabolism

• Leucine →acetoacetate and acetyl-CoA: Krebs 
cycle

• Isoleucine  :acetyl-CoA and propionyl-CoA : 
Krebs cycle via conversion into succinyl-CoA

• Valine →propionyl-CoA



BCAA metabolism

• The branched-chain ketoacid dehydrogenase 
(BCKDH) complex catalyzes the irreversible,
rate-limiting step in the catabolism of BCAAs

• BCKDK encodes a kinase that phosphorylates 
and thus inactivates the E1α subunit of this 
complex



BCAA pathway



BCKD KINASE DEFICIENCY

• BCKDK deficiency was first described by 
Novarino et al.1in 2012 as a Mendelian form 
of autism with intellectual disability and 
epilepsy

• In this first article, six patients were reported 
(age range: 5 to 22 years)

• Autism and intellectual disability were 
constant symptoms in all patients



BCKD KINASE DEFICIENCY

• Half had seizures

• All  exhibited low plasma levels of BCAA 

• In 2014, two new cases with novel genetic 
variants and a similar phenotype were 
described



Study 2018-2021

• Twenty-one patients (57% male) from 13 
different families with (likely) pathogenic 
BCKDK variants were included 

• Mean age of diagnosis was 5.8 years (range 8 
months–16.6 years)



Clinical presentations



Clinical presentations



Clinical status before treatment

• HC and nutritional status:

• The majority of the patients were born at term 
(19/21) and all had BW, OFC and length>−2 SD 
for GA

• At the time of the diagnosis all of them presented 
a decrease in the OFC score and 16/20 (80%) 
patients had microcephaly (OFC<−2 SD)

• At diagnosis, 17/18 had BMI Z-scores within the 
normal range



Neurodevelopmental and behavioural
findings

• Global developmental delay :all patients 

• All 17 patients older than 2 years of age had 
language impairment and nine were non-verbal 
at diagnosis

• The delayed motor milestones :all patients 

• Nineteen of 21 patients : gross motor function 
impairment



PATHOPHYSIOLOGY

• A completely active BCKD might promote an 
imbalance in the excitatory neurotransmitter 
glutamate and the inhibitory neurotransmitter 
GABA,which might help explain neurological 
phenotype



Neurodevelopmental and behavioural
findings

• Sixteen of 16 had intellectual disability

• In all patients except a single case , behaviour
issues were noted: 12/17 (70%) fulfilled the 
DSM-5 criteria of autism spectrum disorder 



Cerebral MRI findings

• Cerebral MRI before diagnosis was reported as 
normal in 11 of 19 patients

• The eight remaining patients had non-specific 
findings: 

• Thin  corpus callosum (two), corpus callosum 
agenesis (two)

• Reduced volume of supratentorial brain 
parenchyma (one)



Cerebral MRI findings

• Reduced white matter volume (two), enlarged 
ventricles (two)

• Delayed subcortical and temporal lobe 
myelination (two)



Biochemical results before treatment

• At diagnosis, the average between BCAA 
concentrations (average of two samples per 
patient) was below the reference ranges both in 
plasma and CSF 

• In P19 Val and Leu levels were normal but 
isoleucine concentration was decreased 

• In P20, Leu and Ile (P20) determinations were 
at normal levels but valine concentration was 
decreased



Diet therapy and outcome measures

• BCAA supplementation and high total protein 
intake

• The BCAA treatment observational period was 
median 3.26 years (0.5–10.7 years) 

• The mean Leu, Val and Ile supplementation 
started at diagnosis was 100 mg/kg/ day



Diet therapy and outcome measures

• BCAA supplements were administered mean 
3.6 times per day (range: 3–6).

• At follow-up, natural protein and BCAA 
supplementation were increased to 2.7 
g/kg/day (2–4 g/kg/day) and 206 mg/kg/ day 
(140–2000), respectively, and distributed four 
times per 24 h 



Diet therapy and outcome measures

• The Leu:Val ratio was 2:1 

• Leu:Ile ratio was 2:1 

• After treatment, plasma Leu, Val and Ile 
increased significantly (P< 0.001)



Diet therapy and outcome measures

• The plasma BCAA concentration was under 
the reference range before the BCAA intake, 
showing the highest concentrations 2 h after 
the meal 

• Within 3 and 5 h after the meal, Leu and Ile 
had returned below reference levels



BCAA before BCAA supplementation 
and a follow-up



Anthropometrics, language, neurodevelopment 
and behavioural issues

• At follow-up, 11 of 15 patients increased or 
stabilize their OFC Z-scores. 

• Most patients (10 of 12) maintained BMI Z-
scores within the normal range at follow-up

• In three patients language improvement was 
reported after treatment



Anthropometrics, language, neurodevelopment 
and behavioural issues

• Patients with the earliest treatment 
introduction developed verbal language and 
sentence- building acquisition

• Patients who started treatment before 2 years 
of age did not develop autistic features over 
time (at the moment all of them are older than 
3 years)



Anthropometrics, language, neurodevelopment 
and behavioural issues

• Most patients did not modify behavioural
abnormalities (hyperactivity, restlessness, 
aggressiveness) with the diet

• Motor functions improved in 8/13 and stabilized 
in 5/13 patients

• Several patients, in particular those with early 
treatment, developed gait and fine motor 
functions

• After BCAA treatment, hyperkinetic movements 
characterized by very energetic and sudden jerks 
appeared in one patient 



Anthropometrics, language, neurodevelopment 
and behavioural issues 

• Three of nine patients reported persistence of 
seizures after diet treatment and one patient 
had the first episode of generalized tonic–
clonic seizures one month after onset of 
treatment



BCKDK-deficient case scores (n=7) entered into 
the BCKDK post-analytical interpretive CLIR tool



CONCLUSION

• Main features:

• Prominent impaired cognitive function

• Autistic traits

• Abnormal motor development

• Epilepsy 

• Head circumference stagnation



CONCLUSION

• Marked  difference in clinical outcome 
depending on whether BCAA supplementation 
occurred :

• early development (before 2 years old) or at 
later stages (beyond 2 years of age)



CONCLUSION

• HC and motor function were the two main 
items that improved with treatment.

• Cognition and neuropsychiatric features did 
not improve after treatment

• Patients who initiated treatment before 2 years 
of age did not develop autism over time



CONCLUSION

• One interesting feature :acrodermatitis
enteropathica-like eczema 



CONCLUSION

• In normal conditions, BCAA plasmatic 
concentration fluctuates significantly before, 
during and after meals

• Suggesting that frequent feeding is necessary 
to obtain sufficient levels of BCAA available 
to the brain 

• In fact, BCAA dosage, frequency and formula 
composition in Leu:Val and Leu:Ile ratios may 
play a crucial role



CONCLUSION

• Diet with increased natural protein 3–4 
g/kg/day and BCAA supplementations 
(Leu:Val 2:1 and Leu:Ile 2:1) 

• Patients here reported had around 200:150 
mg/kg/day divided into 4–6 intakes per day

• In any case, it should be adapted depending on 
the levels achieved in every patient



CONCLUSION

• Enteral BCAA feedings or continuous drip 
during night could be a neuroprotective 
strategy during infancy, but may be 
challenging to sustain in practice

• We  propose NBS pilot studies enabling early 
detection and treatment as the first step to 
improve outcome in parallel with development 
of more effective treatments



BRANCHED-CHAIN AMINO ACID
TRANSPORTER DEFICIENCY

• Isoleucine, leucine, and valine are transported across 
the BBB mainly by the heterodimeric LNAA 
transporter 

• A defect in LAT1 caused by pathogenic variants in 
SLC7A5 results in

• Low brain concentrations of isoleucine, leucine, and 
valine

• Patients with this defect may present clinically similar 
to BCKDK-deficient patients

• Autism, microcephaly, gross motor delays, and in some 
cases, seizures
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