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CASE REPORT

A new phenotype of aldolase a deficiency 
in a 14 year‑old boy with epilepsy 
and rhabdomyolysis – case report
Lucia Santoro1†, Dorina Pjetraj1*†  , Virtut Velmishi2, Carmen Campana3, Carlo Catassi1, Carlo Dionisi‑Vici3 and 
Arianna Maiorana3 

Abstract 

Background:  Glycogen storage disease type XII is a rare metabolic disease resulting from Aldolase A deficiency that 
causes muscle glycogen accumulation, with crisis of rhabdomyolysis and hemolytic anemia. In the very few cases 
described, rhabdomyolysis crises are caused by fever and/or exercise and can accompany acute hemolytic anemia. 
Although currently there is no therapy available for this disease, the guidelines for the management of other forms 
of glycogen storage diseases recommend a nutritional therapy in order to avoid hypoglycemia or prevent exercise-
induced rhabdomyolysis.

Case presentation:  In this case report we describe a new phenotype of the disease in a 14-year-old boy, character‑
ized by seizures and rhabdomyolysis. Beside an antiepileptic treatment, we propose a new therapeutic approach 
based on ketogenic diet in order to supply an energetic substrate for skeletal muscle and neurons.

Conclusions:  The anti-epileptic therapy and the dietetic approach were well tolerated by the patient who showed 
good compliance. This led to a deceleration of the disease with no other acute episodes of seizures and rhabdomy‑
olysis, without any side effects observed.
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Synopsis
A case report of a patient with a new phenotype of Aldo-
lase A deficiency characterized by epilepsy and rhabdo-
myolysis, Treated with ketogenic diet.

Background
Glycogen storage disease type XII (GSD XII) is an ultra-
rare autosomal recessive disorder caused by aldolase A 
(ALDOA) deficiency, characterized by hemolytic ane-
mia and rhabdomyolysis with or without myopathy or 

intellectual disability. Aldolase is a thermolabile glyco-
lytic enzyme responsible for the reversible conversion of 
fructose-1,6-bisphosphate to glyceraldehyde-3-phos-
phate and dihydroxyacetone phosphate [1].

Three aldolase isozymes (A, B, and C) are known 
encoded by 65 different genes. They have different tissue 
distribution and are differentially expressed during life-
time [2].

Aldolase A is localized in muscle, red blood cells and 
brain; aldolase B is localized in the liver; while aldolase C 
occurs in the central nervous system along with aldolase 
A which is the isoform most abundantly expressed in the 
human brain [3, 4].

The first case of aldolase A deficiency was reported 
in 1973 by Beutler et  al. [5]. The common phenotype is 
characterized by rhabdomyolysis and hemolytic anemia 
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triggered by fever or exercise, myopathy, subtle cogni-
tive dysfunction (learning disabilities or delayed language 
acquisition) [5–9]. No medical therapy has shown to be 
effective for this rare disease, that is treated only by sup-
portive and symptomatic therapy such as red blood cells 
transfusions, hydration and rehabilitation.

In this case report we describe a new clinical phenotype 
of GSD XII characterized by epilepsy and rhabdomyoly-
sis in a 14-year-old boy. We also propose a pharmacologi-
cal approach in order to prevent epileptic crisis, together 
with dietetic measures based on ketogenic diet.

Case presentation
The proband, was a boy aged 14-years when the diagno-
sis of aldolase deficiency was established. He is the third 
child of an Albanian couple without consanguinity.

The boy was born after an uneventful pregnancy and 
delivery, and presented with normal growth and neuro-
logic development. At the age of 2 years he was admitted 
to the hospital for a severe anemia which required blood 
transfusion. Unfortunately, no data was available regard-
ing that episode.

At the age of 14  years and 9  months, the child pre-
sented a first episode of generalized tonic–clonic seizures 
associated with loss of consciousness and followed by 
dark ’’coca-cola’’–coloured urine. Laboratory examina-
tion revealed myoglobinuria with evidence of   hyper-
transaminasemia, and hyperCPKemia (AST 4559 U/I 
normal 0–40; ALT 1198 U/l, normal 0–40; CPK 138,000 
U/l, normal 0–170). At that time, echocardiography, 
abdomen ultrasound, brain CT, and EEG were performed 
at the "Mother Teresa" University Hospital Center in 
Tirana and no abnormality was detected.

His family history revealed that an older brother, previ-
ously diagnosed with epilepsy and rhabdomyolysis at the 
age of 14 years, died during a sudden status epilepticus at 
the age of 17 years.

Taking into consideration both clinical and fam-
ily history, in the suspicion of metabolic disease, exome 
sequencing was performed and the homozygous patho-
genic variant c.1001C > T (p.Ala334Val) of gene ALDOA 
was localized and classified as likely pathogenic (class 
2) according to the recommendation of Centogene 
(Rostock, Germany) and ACMG (ACMG SF v2.0 2016 
update). Polyphen software predicted this change to 
be as “probably damaging”. On the basis of this finding 
a diagnosis of GSD XII was done. Segregation studies 
confirmed the heterozygosity in both parents and in the 
younger brother.

At the age of 15  years, the boy presented two more 
critical episodes one month apart with subsequent rhab-
domyolysis and myoglobinuria which resolved sponta-
neously. CPK values were 138,000 U/I and 11,560 U/I 

respectively. At this time, the patient was referred to 
the Center for Metabolic Diseases of the Salesi Chil-
dren’s Hospital, Ancona, Italy, for further evaluation. On 
admission, the child appeared in good general condi-
tion. He did not show developmental delays nor appreci-
able dysmorphic features. He weighed 41  kg (3° p), and 
was 156  cm tall (90° p). On physical examination, the 
patient had diminished muscle mass with normal mus-
cle tone and mild dorsal-lumbar right convex scoliosis 
(Figs.  1 and 2). He did not show any motor limitations, 
but only mild diffuse myalgia, mainly in the lumbar area. 
He did not present hepatomegaly. Laboratory examina-
tions revealed the following values: hemoglobin 11.1  g/
dl; hematocrit 32.9%; MCV 83 fl, white-cell count 8310/
mmc and platelet count 272,000/mmc. The CPK concen-
tration was markedly elevated (14,000 U/l). The levels of 
the following were also abnormal: AST 465 U/l; ALT 375 
U/l; lactate dehydrogenase 542 U/l (normal 0–325). Uri-
nalysis and arterial blood gas analysis were normal. Dur-
ing hospitalization, the child presented two more critical 
episodes. The first episode occurred in the early morning, 
during sleep, in apyrexia. He presented with generalized 
tonic–clonic seizures which resolved after administra-
tion of rectal diazepam. Laboratory examination revealed 
severe metabolic acidosis (Ph 7.2, HCO3- 19  mmol/l, 

Fig. 1  Anterior view: Poor muscle mass in a boy with normal stature
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base excess -5.7  mmol/l, anion gap 15  mmol/l), mild 
renal insufficiency (creatinine level 0.95  mg/dl, normal 
0.2–1.3), hyperuricemia (16.8  mg/dl, normal 2.5–7) and 
hyperCPKemia (33.306 U/l), and hypermyoglobinemia 
(1148  ng/ml, normal 0–110). Adequate hydration was 
practiced and rasburicase was prescribed with normali-
zation of urinary biomarkers. An EEG was performed 
immediately after the crisis and no abnormalities were 
detected. In contrast, the EEG performed 24 h post-crisis 
showed sporadic wide slow waves. The second episode, 
similarly to the first, occurred early in the morning, dur-
ing sleep. The patient presented metabolic acidosis (ph 
7.28, HCO3- 28.7 mmol/l, anion gap 21, EB -7, lactic acid 
7.6), hyperuricemia (13.2  mg / dl) and hyperCPKemia 
(41.870 U/l) and hypermyoglobinemia (1738  ng/ml). As 
with the previous episode he was treated with adequate 
hydration and rasburicase therapy.

While immediate resolution of metabolic acidosis and 
hyperuricemia was achieved, myoglobinuria and high 
rhabdomyolysis indices persisted, returning to baseline 
only in the following days (CPK 1612U /l, myoglobin 
138  ng/ml). Taking into consideration the patient’s his-
tory of early morning seizures, in conjunction with meta-
bolic acidosis, a normocaloric diet was put into place, 
with particular emphasis placed on the midnight meal 

consisting of slow-absorbing carbohydrates (cornstarch). 
This nutritional intervention was introduced alongside 
an anticonvulsant therapy consisting of Leviteracetam 
twice daily.

The patient was then referred to the Division of Metab-
olism at Ospedale Pediatrico Bambino Gesù in Rome 
for further diagnostic and therapeutic evaluations. The 
metabolic work-up was always normal, both in the acute 
phases and in the intervening periods, specifically plasma 
and urinary amino acids, plasmatic acylcarnitine pro-
file, and urinary organic acids, chromatography of uri-
nary carbohydrates. A 24-h fasting test was performed 
resulting in normal glycemia, however an elevation of 
CPK together with ST segment depression at ECG was 
noticed. After nutrition recovery, both ECG and CPK 
values normalized. At the same time, the boy presented 
mild symptoms of pharyngodynia and rhinorrhea and 
tested positive for Covid-19. In consideration of many 
studies highlighting the potentially positive effects of 
ketogenic diet on many neurological diseases and muscu-
lar GSD III, V, VII [10–14] ketogenic diet was started to 
the patient. After five months from the start of ketogenic 
diet, the patient did not experience any further metabolic 
decompensations, as reported by phone interviews.

Materials and methods
Routine hematologic tests, biochemical and genetic 
analysis, EEG and MRI were performed by standard 
techniques.

Diet: Induction to the ketogenic regime was started 
with a ketogenic ratio (fats:proteins plus carbohydrates) 
of 0.9:1, with progressive increase up to 2.5:1. The macro-
nutrient composition of the 2.5:1 ketogenic diet was 7% 
proteins (1,1  g/kg), 83% fat and 10% carbohydrates in 
accordance to the recommended daily energy intake 
(Total 2900 kcal, 62 kcal/kg/die). The onset of ketogenic 
diet was controlled by daily capillary blood and urine 
ketone measurements. For implementing a ketogenic 
diet, follow-up training and course materials that took 
into consideration the patient’s Albanian heritage were 
prepared and country-specific recipes were modified into 
a ketogenic variant.

Anti-epileptic drugs consisted of Leviteracetam, which 
was started at the dose of 250  mg bd and progressively 
increased until 1 gr bd. Drug concentration resulted in a 
therapeutic range (22.69 μg/mL).

Discussion and conclusions
Unlike previously described cases, our patient and his 
brother, who died most likely of the same disease, pre-
sented with severe neurological impairment and epileptic 
seizures during metabolic decompensation. The epileptic 

Fig. 2  Posterior view: Dorsal-lumbar right convex scoliosis
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seizures occurred during periods of apparent well-being, 
nocturnal fasting, early in the morning with acetone 
breath and concomitant lactic acidosis on blood gas anal-
ysis. Epilepsy has not been described in GSD XII to date. 
However, the prevalent involvement of the CNS can be 
explained by the observation that the Aldolase A is the 
isoform most abundantly expressed in human brain [4] 
.Moreover, mild intellectual disabilities are described [6, 
7, 9, 15] unveiling a chronic subtle neuronal involvement 
in some cases.

Mamoune et  al. in 2014 described a similar Aldo-
lase A pathogenic variant affecting 3 siblings with epi-
sodic rhabdomyolysis triggered by febrile illnesses. They 
showed that the underlying mechanism involved an exac-
erbation of aldolase A deficiency at high temperatures 
but that thermolability is very variable and tissue specific 
[15]. This is congruent with the clinical phenotype of our 
patient. In fact the crises were never triggered by fever.

Another previously described important feature of 
Aldolase A deficiency is hemolytic anemia. In our case, 
neither the proband nor the brother ever presented doc-
umented haemolytic anemia. The patient presented only 
mild normocytic anemia with hemolysis indexes within 
normal range, and he never required hemotransfusions 
or iron therapy, except at 2  years of age, but not surely 
related to the disease. Another discrepancy with other 
reports is the presence of lactic acidosis during metabolic 
decompensation in our patient. However, this feature 
might be explained by the glycolytic disruption of the 
disease.

To our knowledge, there is no effective therapy 
reported in the literature for patients affected by Aldolase 
A deficiency, besides one report showing that arginine 
supplementation could reduce rhabdomyolysis in  vitro 
[15].

Our patient seemed to benefit from anti-epileptic 
therapy and avoiding of fasting by nocturnal corn starch, 
at beginning. Subsequently, with the aim to reduce gly-
cogen storage in the muscle and provide alternative 
pathways in energy metabolism, independent from gly-
cogen breakdown, a ketogenic diet was proposed to the 
patient. Ketogenic diet is a special high fat, carbohydrate-
restricted diet that mimics the metabolic effect of fasting 
in order that ketone bodies become a significant energy 
source for extrahepatic tissues. This nutritional therapy 
has raised a lot of interest in refractory epilepsy, as well as 
amyotrophic lateral sclerosis, Alzheimer and Parkinson’s 
disease, and some mitochondriopathies [16].

There are previous reports on the use of ketogenic diet 
in patients affected by other types of muscular GSD, as 
type III, V, and VII. More specifically a 2-mo-old infant 

presenting with a familial form of GSD III complicated with 
cardiomyopathy was experimentally treated with a combi-
nation synthetic ketone bodies (D,L-3-OH butyrate) as an 
alternative energy source and 2:1 ketogenic diet in order to 
reduce glycogen accumulation. This led to an improvement 
of cardiomyopathy and to a normalization of liver size, with 
normal growth and no adverse effects reported [10]. In 
another report, 2 adult patients with GSD IIIa were treated 
with a ketogenic diet which led to a reduction of CK and a 
stabilization of blood glucose. Furthermore, it had a posi-
tive effect on progression of the disease, improving cardio-
myopathy [11].

Similarly anecdotal reports in patients with GSD V and 
GSD VII showed an improvement in aerobic power and 
activity tolerance when patients were in a fasted state 
rather that in a fed state, this suggesting that alternative fuel 
substrates, such as ketone bodies, could potentially alle-
viate muscle symptoms [12]. Løkken et  al. conducted an 
open-label pilot study, demonstrating how ketogenic diet 
improved fat oxidation rate, exercise capacity and subjec-
tive symptoms [13].

Our patient showed an important improvement of alert 
state and asthenia. He did not present new metabolic 
decompensations nor epileptic crises in five months of 
follow-up.

In conclusion, we described a novel phenotype of GSD 
XII, characterized by seizures, rhabdomyolysis, and lac-
tic acidosis, without hemolytic anemia, in the absence 
of triggers as fever or exercise. Providing an alterna-
tive energy fuel to glucose for muscles and neurons, 
ketogenic diet resulted effective and safe in preventing 
metabolic decompensation. Therefore, GSD type XII 
might be considered a novel indication for ketogenic 
diet. A longer follow-up is necessary to verify our pre-
liminary findings.

Abbreviations
GSD: Glycogen storage disease; ALDOA: Aldolase A.

Acknowledgements
We would like to acknowledge the family for participating in this study and 
giving consent to publish their data.

Authors’ contributions
LS and DP: manuscript drafting; LS, DP, VV, CC, CC, CDV, AM: clinical evalua‑
tion and follow-up of the patient; CC, CDV, AM: supervised the project and 
contributed to the interpretation of the results. All authors read and approved 
the final manuscript.

Funding
No funding to declare.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.



Page 5 of 5Santoro et al. Italian Journal of Pediatrics           (2022) 48:39 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
Not applicable for this study; the typology of the study does not require the 
local ethics committee approval. Appropriate written informed consent was 
obtained from the parent of the patient.
All methods were carried out in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki).

Consent for publication
Written informed consent for publication of their clinical details and/or clinical 
images was obtained from the parent of the patient.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Pediatrics, Polytechnic University of Marche, Ospedale Pediatrico 
“G. Salesi”, Ancona, Italy. 2 Pediatric Service Nr 2 “Mother Teresa” Hospital-Trina, 
Tirana, Albania. 3 Division of Metabolism, Department of Pediatric Subspecial‑
ties, Bambino Gesù Children’s Hospital IRCCS, Rome, Italy. 

Received: 14 May 2021   Accepted: 15 February 2022

References
	1.	 Gamblin SJ, Davies GJ, Grimes JM, Jackson RM, Littlechild JA, Watson HC. 

Activity and specificity of human aldolases. J Mol Biol. 1991;219(4):573–6. 
https://​doi.​org/​10.​1016/​0022-​2836(91)​90650-U.

	2.	 Tolan DR, Niclas J, Bruce BD, Lebo RV. Evolutionary implications of the 
human aldolase-A, -B, -C, and -pseudogene chromosome locations. Am J 
Hum Genet. 1987;41(5):907–24.

	3.	 Lebherz HG, Rutter WJ. Distribution of fructose diphosphate aldolase 
variants in biological systems. Biochemistry. 1969;8(1):109–21. https://​doi.​
org/​10.​1021/​bi008​29a016.

	4.	 Buono P, D’Armiento FP, Terzi G, Alfieri A, Salvatore F. Differential distribu‑
tion of aldolase A and C in the human central nervous system. J Neurocy‑
tol. 2001;30(12):957–65. https://​doi.​org/​10.​1023/a:​10218​28421​792.

	5.	 Beutler E, Yoshida A. Human glucose-6-phosphate dehydrogenase vari‑
ants: a supplementary tabulation. Ann Human Genet. 1973;37(2):151–5. 
https://​doi.​org/​10.​1111/j.​1469-​1809.​1973.​tb018​23.x.

	6.	 Miwa S, Fujii H, Tani K, et al. Two cases of red cell aldolase deficiency 
associated with hereditary hemolytic anemia in a japanese family. Am J 
Hematol. 1981;11(4):425–37. https://​doi.​org/​10.​1002/​ajh.​28301​10412.

	7.	 Kreuder J, Borkhardt A, Repp R, et al. Inherited metabolic myopa‑
thy and hemolysis due to a mutation in aldolase a. N Engl J Med. 
1996;334(17):1100–5. https://​doi.​org/​10.​1056/​NEJM1​99604​25334​1705.

	8.	 Yao DC, Tolan DR, Murray MF, et al. Hemolytic anemia and severe rhab‑
domyolysis caused by compound heterozygous mutations of the gene 
for erythrocyte/muscle isozyme of aldolase, ALDOA(Arg303X/Cys338Tyr). 
Blood. 2004;103(6):2401–3. https://​doi.​org/​10.​1182/​blood-​2003-​09-​3160.

	9.	 Papadopoulos C, Svingou M, Kekou K, et al. Aldolase A deficiency: Report 
of new cases and literature review. Molecular Genetics and Metabolism 
Reports. 2021;27:100730. https://​doi.​org/​10.​1016/j.​ymgmr.​2021.​100730.

	10.	 Valayannopoulos V, Bajolle F, Arnoux J-B, et al. successful treatment 
of severe cardiomyopathy in glycogen storage disease type iii with 
d, l-3-hydroxybutyrate. ketogenic and high-protein diet pediatr res. 
2011;70(6):638–41. https://​doi.​org/​10.​1203/​PDR.​0b013​e3182​32154f.

	11.	 Fischer T, Njoroge H, Och U, Klawon I, Marquardt T. Ketogenic diet treat‑
ment in adults with glycogenosis type IIIa (Morbus Cori). Clinical Nutrition 
Experimental. 2019;28:83–91. https://​doi.​org/​10.​1016/j.​yclnex.​2019.​09.​
004.

	12.	 Reason SL, Godfrey RJ. The potential of a ketogenic diet to minimize 
effects of the metabolic fault in glycogen storage disease V and VII. Curr 
Opin Endocrinol Diabetes Obes. 2020;27(5):283–90. https://​doi.​org/​10.​
1097/​MED.​00000​00000​000567.

	13.	 Løkken N, Hansen KK, Storgaard JH, Ørngreen MC, Quinlivan R, Vissing J. 
Titrating a modified ketogenic diet for patients with McArdle disease: A 

pilot study. Jrnl of Inher Metab Disea. 2020;43(4):778–86. https://​doi.​org/​
10.​1002/​jimd.​12223.

	14.	 Mamoune A, Bahuau M, Hamel Y, et al. A thermolabile aldolase a mutant 
causes fever-induced recurrent rhabdomyolysis without hemolytic ane‑
mia. wilkie aom, ed. plos genet. 2014;10(11):e1004711. https://​doi.​org/​10.​
1371/​journ​al.​pgen.​10047​11.

	15.	 Paoli A, Bianco A, Damiani E, Bosco G. Ketogenic diet in neuromuscular 
and neurodegenerative diseases. biomed res int. 2014;2014:1–10. https://​
doi.​org/​10.​1155/​2014/​474296.

	16	 Paoli A, Bianco A, Damiani E, Bosco G. Ketogenic diet in neuromuscu‑
lar and neurodegenerative diseases. biomed research International. 
2014;2014:1–10. https://​doi.​org/​10.​1155/​2014/​474296.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/0022-2836(91)90650-U
https://doi.org/10.1021/bi00829a016
https://doi.org/10.1021/bi00829a016
https://doi.org/10.1023/a:1021828421792
https://doi.org/10.1111/j.1469-1809.1973.tb01823.x
https://doi.org/10.1002/ajh.2830110412
https://doi.org/10.1056/NEJM199604253341705
https://doi.org/10.1182/blood-2003-09-3160
https://doi.org/10.1016/j.ymgmr.2021.100730
https://doi.org/10.1203/PDR.0b013e318232154f
https://doi.org/10.1016/j.yclnex.2019.09.004
https://doi.org/10.1016/j.yclnex.2019.09.004
https://doi.org/10.1097/MED.0000000000000567
https://doi.org/10.1097/MED.0000000000000567
https://doi.org/10.1002/jimd.12223
https://doi.org/10.1002/jimd.12223
https://doi.org/10.1371/journal.pgen.1004711
https://doi.org/10.1371/journal.pgen.1004711
https://doi.org/10.1155/2014/474296
https://doi.org/10.1155/2014/474296
https://doi.org/10.1155/2014/474296

	A new phenotype of aldolase a deficiency in a 14 year-old boy with epilepsy and rhabdomyolysis – case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Synopsis
	Background
	Case presentation
	Materials and methods
	Discussion and conclusions
	Acknowledgements
	References


