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ABSTRACT

Background: Often resulting in multisystem involvement, mitochondrial diseases are a varied group of
conditions brought on by impaired mitochondrial metabolism. Though rare as new-onset diabetes in early
childhood, diabetes mellitus can be a symptom of mitochondrial illnesses. Managing diabetic ketoacidosis
(DKA) and ongoing metabolic acidosis could point to an underlying mitochondrial disease, hence needing
a different line of therapy. Case Presentation: A 2-year-old female, born full term with no prior
hospitalizations, arrived exhibiting polyuria, polydipsia, and hyperactivity for two weeks. Laboratory
assessment revealed hyperglycemia (25 mmol/L), metabolic acidosis (pH 7.13, bicarbonate 8 mmol/L), and
a high anion gap consistent with moderate DKA. Despite the patient being subjected to the right course of
insulin infusion and fluid replacement, her bicarbonate level was still low with lactic levels above five
millimoles per litre. A homozygous mutation in the mitochondrial SLC25A42 gene was detected by genetic
analysis and was associated with a metabolic crisis. This was followed by rescue treatment with sodium
bicarbonate, which reduced the acidosis and helped the patient to shift to subcutaneous insulin
administration. A multidisciplinary follow-up schedule was established and the patient and her family were
fully educated on diabetes management. To sum up, the case highlights the importance of the necessity to
pay attention to mitochondrial metabolic disorders in children with abnormal or intractable acidosis during
the treatment of diabetic ketoacidosis. Early detection and customized treatment measures, such as genetic
diagnosis and careful correction of metabolic derangements, are vital in the maximization of the outcomes
in such rare conditions of diabetes mellitus.
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INTRODUCTION

Mitochondrial diseases are a heterogeneous group of conditions that occur as a consequence of disruption
of the mitochondrial respiratory chain, which in the vast majority of cases can be associated with pathogenic
variants of nuclear or mitochondrial DNA [1]. It is seen to disproportionately affect high-energy-need
tissues, including the brain, skeletal muscle and endocrine organs and manifest with a wide range of clinical
effects [2]. The recent advances in molecular genetics have increased the list of nuclear genes that are
involved in mitochondrial pathology; one of them is SLC25A42, which is the gene that encodes
nicotinamide adenine dinucleotide-dependent coenzyme-A transporter vital to mitochondrial energy
metabolism [3].

Even though diabetes mellitus is rarely believed to be among the primary symptoms in very young children,
this complication of mitochondrial disease has become an increasingly acknowledged problem [4]. The
majority of the cases of mitochondrial-related diabetes onset occur later in childhood or adolescence and
are often accompanied by concomitant deficiencies in neurological or systemic disorders [2]. Early-onset
type of diabetes caused by the dysfunction of mitochondria poses significant diagnostic and treatment issues
since it is capable of resembling other monogenic and autoimmune diseases that cause diabetes [2].

The initial clinical manifestation of a rare homozygous mutation in SLC25A42 is the description of the
presentation of a 2-year-old girl with recently diagnosed diabetes in the first clinical sign. The case
highlights the imperative of considering the possibilities of mitochondrial etiology in atypical presentations
of childhood diabetes and elaborates on the meager evidence on the metabolic and endocrine spectrum of
SLC25A42-related disease. The ongoing metabolic acidosis is another important finding to point to the
multisystemic nature of mitochondrial diseases and to emphasize the necessity to be even more suspicious
of cases of early-onset diabetes in patients with additional metabolic abnormalities.

Case presentation

A 2-year-old female patient was born at full term and did not have any prior admission to the neonatal
intensive care unit. With no prior hospitalizations, she is developmentally appropriate for age and
completely vaccinated up to date. Her family history stands out for type 1 diabetes mellitus in third-degree
relatives on both maternal and paternal sides. There is a positive history of consanguinity.

She showed polyuria, polydipsia, and hyperactivity spanning two weeks devoid of additional linked
symptoms. She was quite steady on inspection save for some moderate dehydration and minor tachypnea.
Normal neurological state among other physical examination results were nothing else. Her height and
weight were within normal percentiles for her age. Urine dipstick tests turned up no ketones.

Her blood glucose was significantly high at 25 mmol/L during emergency department visit. Venous blood
gas analysis showed metabolic acidosis with a pH of 7.13, bicarbonate of 8 mmol/L, and an increased anion
gap of 15. According to DKA protocol, she was admitted to the pediatric intensive care unit as a newly
diagnosed diabetes mellitus complicated by mild diabetic ketoacidosis (DKA). Management began with
insulin infusion at 0.1 IU/kg/hour.

Laboratory tests revealed hemoglobin 13.6 g/dL, white blood cell count 6.7 x10"9/L, platelets 386 x10"9/L,
and regular markers of inflammation (CRP and procalcitonin). Renal function tests revealed creatinine 23
mol/L, BUN 2.2 mmol/L, sodium 129 mmol/L, potassium 5.4 mmol/L, magnesium 0.76 mmol/L, and
albumin 46 g/L. C-peptide was low at 80 pmol/L; beta-hydroxybutyrate was 0.4 mmol/L; and hemoglobin
Alc was increased at 10.5%.

Although blood glucose and pH improved at first to 7.36, bicarbonate levels stayed constantly low (<15
mmol/L) over 24 hours with high lactate values (>5 mmol/L). According to chloride levels, fluid
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management was changed with 0.45 normal saline. The patient had a single dosage of sodium bicarbonate
adjustment after 30 hours of DKA treatment, which successfully boosted bicarbonate to 20 mmol/L with
normalization of pH.

Genetic testing, done before at 2 months of age after her brother died from serious metabolic acidosis,
showed a homozygous SLC25A42 gene mutation linked to a mitochondrial metabolic crisis. She was
transferred to subcutaneous insulin with a total daily dose of 0.5 TU/kg following stabilizing. Her family
was fully informed about the administration of type 1 diabetes. Close outpatient follow-up was provided
by the endocrinologic and genetic teams.

Discussion

In pediatric patients, management of diabetic ketoacidosis (DKA usually follows established protocols
starting with cautious fluid resuscitation with isotonic solutions, insulin infusions started following volume
expansion, and close monitoring for difficulties including cerebral edema. Most recommendations strongly
warn against routine bicarbonate administration for acidosis correction since it does not improve results
and may be related with adverse effects [5,6]. Continuous or strange metabolic acidosis despite proper DKA
therapy, however, should encourage thinking of other or underlying causes including inborn errors of
metabolism or mitochondrial diseases [7].

The case illustrates the peculiarities that are faced in the case of mitochondrial disease occurring together
with new-onset diabetes. Metabolic crises such as chronic lactic acidosis may not respond to the
conventional therapy of DKA in such children because lactic and pyruvate oxidative metabolism are
impaired due to mitochondrial malfunction [8]. Literature and professional advice indicate that supportive
measures, including catabolism avoidance, aggressive infection or stressor control, and cofactor (e.g.,
coenzyme Q10, carnitine, and vitamins, e.g., thiamine, riboflavin) supplementation can prove useful in
mitochondrial disease, but again the evidence is not compelling [9]. An exception to standard DKA
protocols is that sodium bicarbonate can be used as a rescue therapy when the severe refractory acidosis is
not responding to other therapy, but this is an exception rather than the rule [10].

The existence of lingering acidosis or elevated lactate during and after the standard DKA care ought to
inspire physicians to consider the potential of mitochondrial or metabolic causes, especially when paired
with a suitable history of family relations, cousinship, or childhood diabetes [11]. Pre-emptive and
pervasive genetic testing has been demonstrated to assist in facilitating a fast diagnosis and thus initiating
specific therapies and appropriate family counseling in a timely manner [12].

Conclusion

In summary, this case illustrates that persistently abnormal acid-base status in pediatric DKA may reveal
underlying mitochondrial disease. Recognition of this etiology impacts both acute management and long-
term care, and highlights the need for a high index of suspicion in young children with atypical or severe
presentations of diabetes and metabolic acidosis.
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