
Acta Scientific PAEDIATRICS (ISSN: 2581-883X)

     Volume 3 Issue 12 December 2020

Haematological Manifestations of Inborn Errors of Metabolism

Melis Kose1 and Yeşim Oymak2 
1Izmir Katip Çelebi University Medical Faculty, Department of Pediatrics, Division of 
Pediatric Metabolism and Nutrition, Izmir, Turkey 
2University of Health Sciences, Behçet Uz Children Training and Research Hospital, 
Department of Pediatrics, Division of Hematology, Izmir, Turkey

*Corresponding Author: Melis Kose, Izmir Katip Çelebi University Medical Faculty, 
Department of Pediatrics, Division of Pediatric Metabolism and Nutrition, Izmir, 
Turkey.

Research Article

Received: November 13, 2020

Published: December 10, 2020
© All rights are reserved by Melis Kose and 
Yeşim Oymak. 

Abstract
Introduction: Multisystemic involvement of inborn errors of metabolism (IEMs) makes treatment and follow-up of these diseases 
difficult. Haematological manifestations are significantly important for both treatment and follow-up processes of IEMs. This study 
evaluated haematological manifestations that may coexist with IEM disorders and affect the diagnosis process to raise awareness of 
IEMs coexisting with haematological findings. 

Materials and Methods: In this study, medical records of 132 patients diagnosed with IEM were examined retrospectively, and the 
data of 43 patients with haematological findings at the time of diagnosis were evaluated. The information assessed included demo-
graphic findings, diagnosis, age at diagnosis, follow-up period, haematological manifestation, and coexisting findings. 

Results: An evaluation of the haematological abnormalities at the time of diagnosis showed that of the 43 patients 15 (33.3%) 
had neutropenia, 3 (7.1%) had pancytopenia, 15 (34.3%) had iron deficiency anaemia (IDA), 15 (35.7%) had thrombocytopenia, 7 
(16.6%) had coagulation abnormalities, 1 (2.3%) had hemolytic anaemia, 1 (2.3%) had hemophagocytic lymphohistiocytosis (HLH), 
and 7 (16.6%) had coagulation abnormalities. Overall, 15 (35.7%) patients had chronic anaemia.

Conclusion: The results show that hematologic abnormalities are very common features of IEM. The findings are valuable for raising 
awareness of hematologic manifestations in these disorders. 
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Introduction
Inborn errors of metabolism (IEMs) are diseases that are most-

ly inherited and very rarely de novo genetic due to defects that oc-
cur during the breakdown or biosynthesis of certain substances 
at specific metabolic pathways [1]. Haematological manifestations 
appear as symptoms associated with many different mechanisms 
due to the nature of the disease, as well as IEM, being a chronic 
disease [2]. 

As consanguineous marriages have been more common in 
Turkey than Western societies, IEMs that are mostly inherited in 
an autosomal recessive pattern are more common than expected 

[3,4]. One of the major problems in diagnosing IEMs is ruling out 
multisystemic problems that might be associated with a meta-
bolic disease. Hence, many individuals with IEMs cannot benefit 
from treatment options or maybe late to benefit from treatment. 
A significant portion of IEM diseases demonstrates haematological 
abnormalities [2,5,6]. Because patients are first admitted to paedi-
atrics and internal medicine departments before diagnosis, raising 
awareness about IEM coexisting with haematological findings is 
very important for a timely diagnosis. This study evaluated the hae-
matological findings of patients who were diagnosed at our centre 
and had haematological findings at the time of diagnosis. 
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Materials and Methods
The medical records of 137 patients diagnosed with IEMs at 

the Department of Metabolism between February 2015 and Sep-
tember 2019 were examined retrospectively, and 43 patients with 
haematological findings at the time of diagnosis were included in 
the study. Patients with haematological findings during follow-up 
were excluded from the study. The patients were divided into three 
groups: group 1 (intoxication-type metabolic diseases), group 2 
(energy metabolism disorders), and group 3 (complex molecular 
disorders). The following characteristics were recorded: patient 
age, sex, ethnic origin, diagnosis, age at diagnosis, age at hemato-
logic assessment, follow-up period, haematological abnormali-
ties at the time of diagnosis, classification of metabolic disease, 
presence of metabolic acidosis or lactic acidosis, ammonia levels, 
number of IEM attacks per year presenting with decompensation, 
presence of growth and developmental retardation, presence of 
neurological symptoms, complete blood count results, presence of 
cytopenia, bleeding time test results (if any), B12-folic acid levels, 
haematological manifestation, bone marrow findings, presence of 
organomegaly, bleeding symptoms, and whether there was an im-
provement in symptoms and parameters.

Results
This study examined the data of 43 patients with haematologi-

cal findings at the time of diagnosis and presentation who were 
diagnosed with IEMs. The female/male ratio was 23/20, the age 
at diagnosis ranges between 17 days and 16 years (average: 38.6 ± 
48.73 months), maximum follow-up time was 48 months (average: 
16.88 ± 11.15 months). When the patients were evaluated by IEM 
group, 15 (36.5%) patients were included in group 1, 10 (23.8%) 
in group 2, and 17 (40.2%) in group 3. Lysinuric protein intoler-
ance (LPI) was present in 1 patient, propionic aciduria (PA) in 3, 
methylmalonic aciduria (MMA) in 4, argininosuccinic aciduria in 1, 
citrullinemia type I in 1, ornithine transcarbamylase 1 deficiency 
(OTC1D) in 1, abetalipoproteinemia in 2, glycogen type I (GSD [2 
GSD Ib and 1 GSDIa]) in 3, Pompe disease (PD) in 1, Gaucher dis-
ease ([GD] 8 type I, 2 types II, and 3 types III) in 13, congenital gly-
cosylation disorders (1 ALG1-CDG, 1 DOLK-CDG, and 1 MPI-CDG) 
in 3, cobalamin C defect (CblCD) in 1, and mitochondrial disease (1 
FBXL4-related mtDNA depletion syndrome; 1 pyruvate dehydroge-
nase deficiency [PDHD], and 2 Barth syndrome) in 4. An evaluation 
of the patients’ hematological abnormalities at the time of diagno-
sis found that 15 (33.3%) had neutropenia, 3 (7.1%) had pancyto-
penia, 15 (34.3%) had iron deficiency anemia (IDA), 15 (35.7%) 

had thrombocytopenia, 7 (16.6%) had coagulation abnormalities, 
1 (2.3%) had hemolytic anemia, 1 (2.3%) had HLH, 7 (16.6%) had 
coagulation abnormalities, and 15 (35.7%) had chronic anemia. 
The minimum absolute neutrophil count (ANC) in the patients 
diagnosed with Barth syndrome was 1.1 x 109/l. Neutropenia in 
patients with IVA, PA, and MMA was not cyclical. In the patients 
diagnosed with Barth syndrome, the interval between neutropenia 
attacks ranged from 28 to 42 days. Nine patients had concomitant 
hepatomegaly (HMG), and 14 had concomitant hepatosplenomega-
ly (HSMG). Malnutrition was detected in 23 (54.7%) patients. 

Discussion
Haematological findings are often encountered during the 

course of IEMs. The identification of haematological findings is 
very important for the diagnosis and follow-up of IEM. Some of 
these findings arise from the nature of the disease, while some 
occur due to dietary changes, malnutrition, frequent hospitaliza-
tion, and other factors. Furthermore, they occasionally change 
the course of diseases. Some of the manifestations caused by the 
nature of the disease may be improved by specific treatment for 
the disease. Thus, the haematological findings determined in the 
diagnosis and presentation of IEM were investigated in this study.

Thrombocytopenia (15; 35.7%) was the most commonly de-
tected condition in our study, followed by neutropenia (14; 33.3%) 
by a narrow margin. Cytopenia was detected especially in patients 
with organic aciduria and Gaucher disease. For MMA, PA, and IVA, 
which we identified as ketotic hyperglycinemia based on a study 
conducted by Inoue., et al. in which ketoacidosis-related bone mar-
row hypoplasia was first identified in a patient with MMA, the etio-
pathogenesis of pancytopenia was demonstrated to be associated 
with bone marrow inhibition. Cytopenia can be primarily defined 
as inhibition of bone marrow precursors by CoA esters [7]. How-
ever, bone marrow inhibition occurs as a result of accumulating 
free organic acids and metabolites in other intermediary pathways 
as well as due to multiple systemic effects of mitochondrial dys-
function caused by increased oxidative stress [8,9]. In our study, 
cytopenia occurred in patients with organic aciduria during at-
tacks. This was highly compatible with a study showing that bone 
marrow cells stopped growing with the addition of methylmalo-
nic acid into bone marrow cultures from MMA patients [7]. One of 
the neutropenia patients (P37) was diagnosed with mitochondrial 
DNA depletion. The patient had neutropenia that was non-contin-
uous, recurrent, and mostly accompanied by an infection that took 
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longer than organic aciduria and was independent of lactic acidosis 
attacks. A literature search found that neutropenia was detected 
in 16% of FBXL4-related mitochondrial DNA depletion syndrome 
cases. However, the relationship between neutropenia and lactic 
acidosis has not yet been elucidated [10-13]. Among patients with 
neutropenia, another group that needs special attention is Barth 
syndrome and methylglutaconic aciduria. Patients with Barth syn-
drome are expected to have an absolute neutrophil count (ANC) 
below 0.5 x 109/l and a cycle length ranging from 21 to 29 days 
[14,15]. Previously identified known pathogenic variants in the 
TAZ gene were determined in both of our Barth syndrome patients. 
Although one was followed up for 6 months and the other for 12 
months, their ANC never declined below 0.5 x 109/l. The lowest 
ANC was 1.1 x 109/l. In our study, the 2 patients with Barth syn-
drome and those with methylglutaconic aciduria type VII (MGCA 
VII) had methylglutaconic acid excretion. The patient with MGCA 
VII (CLPB gene defect-related MGCA VII) also had cataracts, appar-
ent growth retardation, microcephalia, and urinary excretion of 
methylglutaconic acid. Their ANC levels ranged from 1000 to 1500 
x 109/l. Although very few cases have been reported in the litera-
ture, severe neutropenia is likely to be life-threatening. However, 
our patient had no severe neurological findings and neither severe 
neutropenia nor serious infection was observed. In patients with 
neurological findings, the presence of neutropenia should suggest 
IEMs, especially Barth syndrome and CLPB-related MGCA VII. 

Another disease group with a strong relationship between cy-
topenia and IEM is Gaucher disease. All 13 Gaucher patients in this 
study had thrombocytopenia, while 3 had combined thrombocy-
topenia and neutropenia. The Gaucher patients’ ANC levels range 
between 0.45 – 7.8 109/l. Because of the early loss of P24 and P25, 
their ANC levels could not be monitored. However, the ANC level of 
P23 (0.7 x 109/l at the time of diagnosis) reached 1.5 x 109/l after 6 
weeks from ERT 60 IU/kg/EOW, still within normal limits.

In our study, IDA was detected in 14 patients in 7 different dis-
ease groups (Barth syndrome, LPI, OTC1D, abetalipoproteinemia, 
GSD Ib, Gaucher disease, MPI-CDG, and PDH deficiency). The co-
existence of an iron deficiency with IEM often tends to be associ-
ated with a restricted diet [5,6]. However, the patients in this study 
might have had IDA at the time of diagnosis. Among them, those 
with OTC1D and LPI refused to eat protein food and thus had a veg-
an-like diet. A behavioural change after eating protein foods was 
described, but no decompensation attacks were noted by the fam-

ily. In particular, these two patients emphasized the importance of 
dietary intake for the differential diagnosis of IDA detected in the 
infantile and juvenile periods. The fact that 7/14 patients with IDA 
had malnutrition also explains the high rate of IDA.

Three patients diagnosed with CDG had coagulation disorders 
at the time of diagnosis. However, none had a bleeding disorder 
that causes symptoms. Changes in the levels of protein C, S, and 
ATIII, which are glycosylated proteins synthesized in the liver, are 
known to induce changes in coagulation parameters. The patients 
other than the MPI-CDG patients usually had no bleeding findings 
that caused symptoms. Our patients’ results were compatible with 
the symptoms [16].

Conclusion
This study evaluated the longitudinal data of IEM patients from 

two referral centres. We also examined the global literature on 
hematologic abnormalities in IEM. The results demonstrated that 
hematologic abnormalities are very common features of IEM. The 
findings are valuable for raising awareness of hematologic mani-
festations in these disorders.
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