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Abstract

Fatty acid oxidation disorders are inborn metabolic defects caused by 
impaired beta-oxidation of fats within the mitochondria. This occurs 
due to a deficiency in the pathway of fatty acids into the mitochon-
dria via carnitine. Although their incidence is not frequent, the clinical 
presence of this disorder often leads to morbidity and high mortality. 
Medium-chain acyl-CoA dehydrogenase (MCAD) deficiency is part of 
the large group of fatty acid oxidation disorders which has a high vari-
ability in clinical manifestations and in daily medical practice can be 
challenging to early and correctly diagnose. In this article, we present 
a 23-month-old boy with drowsiness, mild hypoglycemia, and rapid 
progression to acute liver failure as a consequence of this metabolic 
disorder. Once the diagnosis was confirmed, treatment was conducted 
following the guideline of hypoglycemia of the metabolic disorder of 
MCAD deficiency and its complications. The child was discharged in 
good condition and the follow-up after 6 months was successful. Fur-
ther, we review the literature on this genetic condition and check on 
how they connect to our case. The article aims to focus on the early 
evaluation of the clinical signs that present from the underlying of this 
rare metabolic disorder and the importance of aggressive treatment to 
prevent complications that can be fatal for the patient.
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Introduction

Medium-chain acyl-CoA dehydrogenase (MCAD) deficiency 
is one of the most common inherited fatty acid beta-oxidation 

disorders. Depending on the affected population, the disease 
has a variable incidence. The reported global incidence ranges 
from 1:4,000 to 1:15,000 [1, 2]. The highest incidence was 
found in the populations of northern Europe. In North Ameri-
ca, the prevalence varies from 1:24,000 live births in Canada to 
1:13,000 to 1:19,000 in other states of the United States [3-6].

The MCAD deficiency disease is transmitted in an auto-
somal recessive manner and the enzyme deficiency prevents 
fatty acids from being used as an energy source. During pe-
riods of catabolic growth, prolonged fasting, viral infections, 
physical exertion, the depletion of glucose storage in the liver, 
the reduction of the process of ketogenesis and the production 
of ketone bodies bring an imbalance of energy homeostasis in 
the organism [1, 7-9].

Clinical manifestations associated with this disorder are 
general weakness, lack of appetite, drowsiness, hepatic dys-
function with increased transaminases up to acute liver failure, 
coma, and sudden death [1, 7, 8]. In this article, we present a 
boy with acute hepatic failure. The initial signs were vomiting, 
drowsiness, mild hypoglycemia and later rapid progression 
to acute liver damage co-associated by a sub-comatose state. 
Although liver injury is described as part of the clinical syn-
drome that comes from MCAD deficiency disease, reports of 
such cases in the literature are not frequent. In this article, the 
focus is placed on the early clinical suspicion of acute hepatic 
encephalopathy as a consequence of metabolic dysregulation 
and aggressive treatment to inhibit the catabolic process that 
could be life-threatening for the patient.

Case Report

A 23-month-old child presented to the pediatric intensive care 
unit with frequent vomiting, diarrhea, several episodes, no 
blood, a temperature of 38.5 °C, and debilitation. According 
to his parents, the child had been in this state for 2 days, and in 
the last few hours, the general condition had worsened.

Medical records show a full-term pregnancy and cesarean 
delivery, and the baby was 4,200 g at birth. No problem had 
been recorded in the postpartum period. The parents are not 
related by consanguinity.

According to his parents, at 13 months, the boy was treat-
ed for acute gastroenteritis, and due to the few oral intakes, he 
was treated in the emergency room with parenteral rehydration 
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for several hours. After this episode, the child did not show any 
problems until the moment of hospitalization.

During hospitalization, the child was quarrelsome and 
sometimes sleepy. He would wake up completely, be verbally 
responsive, and have adequate pupillary reflex to light. During 
the visit, the child looked dehydrated and pale, with sunken 
and dark circles under the eyes, dry oral mucosa, no conjunc-
tival injection, with decreased skin turgor. Physical examina-
tions showed no sign of nuchal rigidity around the neck, no 
Bruzhinski’s and Kerning’s signs, except noticeable drowsi-
ness; slightly tachycardic rhythmic tones, no cardiac murmur 
with a frequency 160/min; clear auscultation lungs, no rhonchi 
and rales, without dyspnea; soft abdomen, not painful, without 
hepatomegaly and splenomegaly; no asymmetry or deficit on 
extremities, without edema, no enlargement of lymph nodes 
in the axillary and inguinal areas; normal genital examination.

Laboratory test revealed complete blood count with red 
blood cells (RBCs) of 3.96 × 106/mm3 (range: 4.2 - 6.1 × 106/
mm3), white blood cells (WBCs) of 13.2 × 103/mm3 (range 4 
- 12 × 103/mm3), hemoglobin (Hb) level of 10.9 g/dL (range: 
1 - 16 g/dL), and platelet (PLT) of 307 × 103/mm3 (range: 150 
- 390 × 103).

Biochemical test results showed blood glucose of 60 
mg/dL (range: 70 - 120 mg/dL), urea nitrogen of 37.2 mg/
dL (range: 10 - 43 mg/dL), creatinine of 0.5 mg/dL (range: 
0.6 - 1.2 mg/dL), gamma-glutamyl transferase (GGT) of 4 
U/L (range: 12 - 64 U/L), aspartate aminotransferase (AST) 
of 40 U/L (range: 0 - 35 U/L), alanine transaminase (ALT) of 
19 U/L (range: 0 - 45 U/L), lactate dehydrogenase (LDH) of 
291 U/L (range: 125 - 250 U/L), total bilirubin of 0.72 mg/dL 
(range: 0.3 - 1.2 mg/dL), direct bilirubin of 0.34 mg/dL (range: 
0.1 - 0.3 mg/dL), total protein of 4.5 g/dL (range: 6 - 8.3 g/
dL), albumin of 3.2 mg/dL (range: 3.4 - 5.2 g/dL), Na of 136 
mEq/L (range: 135 - 145 mEq/L), K of 3.9 mEq/L (range: 3.5 
- 5.1 mEq/L), C-reactive protein of 0.89 mg/dL (range: 0 - 0.5 
mg/dL), prothrombin time activity (PTA) of 76% (range: 70-
120%) and international normalized ratio (INR) of 1.1 (range: 
0.7 - 1.2).

Urine test showed normal urine, no leukocytes, normal 
pH, and no glucose, with traces of ketones present. Hemocul-
ture and urine culture were taken.

Blood gas analysis results showed a pH of 7.34, HCO3 of 
15.8 mmol/L, and base excess in extracellular fluid (BEecf) of 
-13 mmol/L. Abdominal ultrasound was normal. Chest X-ray 
was normal.

Initially, the child was treated for acute moderate isotonic 
dehydration in the context of a gastrointestinal viral infection. 
A bolus was performed with 25% glucose in a dose of 2 mL/

kg/weight for the hypoglycemia of 60 mg/dL. The dehydration 
scale by percentage was evaluated to be 6-7%, and the treat-
ment was done according to the daily requirement of fluids and 
the deficit, with saline solution and 5% glucose in the ratio 1:1 
and electrolytes. Blood glucose measurements during the 16 h 
of hospitalization were normal.

The following day, the child’s condition did not improve; 
however, he did not seem dehydrated. The sleepiness persist-
ed, and episodes of awakening were rarer. The temperature 
persisted up to 38.5 °C, with fewer episodes of diarrhea. Nor-
mal diuresis was present.

An acute meningitis was ruled out through the examina-
tion of the cerebral liquor with a normal result of three cells 
in cerebrospinal liquid. Glucose and protein were normal as 
well in the cerebrospinal liquor. Real-time transcriptase-pol-
ymerase chain reaction (RT-PCR) for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) was negative.

Biochemical test results of the next day showed glycemia 
of 75 mg/dL (range: 70 - 120 mg/dL), total protein of 4.3 g/dL 
(range: 6 - 8.3 g/dL), albumin of 2.9 mg/dL (range: 3.4 - 5.2 g/
dL), ALT of 29 U/L (range: 0 - 45 U/L), AST of 55 U/L (range: 
0 - 35 U/L), LDH of 337 U/L (range: 125 - 250 U/L), creatine 
kinase (CK) level of 383 U/L (range: 30 - 170 U/L), and blood 
ammonia level of 339 µg/dL (range: 40 - 80 µg/dL). The re-
sults of glycemia measurement and ammonia level in blood 
during the days are shown in Table 1.

In the objective examination, there was an increase in the 
liver palpation of 3 cm. As the clinical conditions did not im-
prove with the persistent doziness, and non-response of rehy-
dration therapy, excluding an acute infection such as menin-
goencephalitis and high level of ammonia, then the diagnostic 
approach was directed into hepatic encephalopathy of an un-
clear nature.

Even though the patient was treated with parenteral ther-
apy with 5% glucose and saline solution, in the next examina-
tion, there were still traces of ketones, and the blood glucose 
test during the last 24 h showed three different measurements 
of hypoglycemia. The abdominal ultrasound on the second day 
showed an increase in the liver size at about 11 cm and a rough 
structure of it.

In the presence of encephalopathy, hepatomegaly, and hy-
poglycemia, a metabolic disorder was suspected, and we start-
ed with the analysis of acetylcarnitine profile in the plasma.

The child was treated with 10% glucose IV at a rate of 
1.5 times a day as needed, electrolytes, and bicarbonate salt. 
Subsequent analyses confirmed an acute hepatic failure with 
ALT of 644 U/L (range: 0 - 45 U/L), AST of 1,052 U/L (range: 
0 - 35 U/L), CK level of 3,117 U/L (range: 125 - 250 U/L), 

Table 1.  Blood Glucose and Ammonia Levels

Normal 
range Day 1 (time) Day 2 (time) Day 3 (time) Day 5 

(time)
Day 7 
(time)

Blood glucose, mg/dL 70 - 100 60 (7:00 am), 78 
(12:00 pm), 73 (10:00 
pm), 90 (2:00 am)

75 (7:00 am), 60 (12:00 pm), 
80 (3:00 pm), 58 (8:00 pm), 
100 (2:00 am), 62 (5:00 am)

95 (7:00 am), 100 
(12:00 pm), 106 (10:00 
pm), 102 (4:00 am)

97 (8:00 
am), 101 
(10:00 pm)

98 (8:00 
am), 95 
(10:00 pm)

Blood ammonia, µg/dL 40 - 80 339 280 225 120

pH = 7.38; HCO3 = 19.5 mmol/L; BEecf = -7.5 mmol/L; PTA = 64%, INR = 1.36.
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LDH of 1,708 U/L (range: 125 - 250 U/L), PTA of 25% (range: 
70-120%), and INR of 2.87 (range: 0.7 - 1.2).

After aggressive treatment with 10% glucose infusion, 
electrolytes, human albumin 1 g/kg/weight per day, vitamin 
K, and plasma transfusion, the child’s condition improved sig-
nificantly.

The analysis results of the acetylcarnitine profile were 
high: hexanoylcarnitine (C6) was 0.85 µmol/L with a normal 
range of 0.01 - 0.22 µmol/L, octanoylcarnitine (C8) was 4.46 
µmol/L with a normal range of 0.01 - 0.44 µmol/L.

Genetic analyses through exome sequencing confirmed 
the MCAD deficiency disease. The responsible variant in 
ACADM was C.244dup.p9 (Trp82Leufs15).

The child’s condition improved and a follow-up by a met-
abolic specialist was recommended regarding the diet plan and 
the following preventive measures. The 6-month follow-up 
showed a child in good health.

Genetic counseling for the parents was recommended.

Discussion

MCAD deficiency is a genetic condition that results from an 
enzymatic deficit or reduced activity of the acyl-CoA dehydro-
genase enzyme. Enzymes belong to the family of flavoproteins 
[10]. The gene responsible for the disease is ACADM, which is 
located on chromosome 1p31 and enables the coding of the en-
zymatic protein acetyl-CoA dehydrogenase [11]. This enzyme 
is needed as a catalyst for the process of oxidation of fatty 
acids in the mitochondria, serving as the first step of the fatty 
acid oxidation cycle and later metabolizes the production of 
energy in the form of adenosine triphosphate (ATP) and ketone 
bodies [12, 13].

Mutations in deoxyribonucleic acid (DNA) that replace 
guanine with adenine at 985 position of the coding part have 
been observed in 90% of cases of mutant genes in MCAD defi-
ciency disorder [14]. Today, there are about 80 allelic variants 
reported in different literature [13].

This disorder is transmitted in an autosomal recessive 
manner and presents itself with a variable incidence depend-
ing on the affected ethnic population. The total prevalence of 
MCAD deficiency disease is calculated at 5.3 per 100,000 live 
births in different populations [6]. In a healthy organism, dur-
ing periods of stress, when energy demands increase, energy 
homeostasis after the consumption of glucose stored in the 
liver is realized through the process of lipolysis [1]. In MCAD 
deficiency disease, this process is altered, bringing the deposi-
tion of fatty acids in the liver, with reduced ketones in blood or 
absence, and with persistent hypoglycemia. The clinical signs 
that prevail in these patients include weakness, drowsiness, 
lethargy, and seizures as a result of hypoglycemia [8]. It is also 
noted the presence of hepatic dysfunction with hepatomegaly, 
sub-comatose state, acute hepatic encephalopathy, Reye-like 
syndrome as a result of increased transaminases, infiltration of 
fatty acids in the liver, and increased level of ammonia leading 
to cerebral edema [8, 15].

The MCAD deficiency disorder can be diagnosed at any 
age, newborn, early childhood, adolescent, and adult, but the 

most frequent reports have been identified in the neonatal age 
up to 2 years old [7, 8, 16, 17].

Individuals affected by MCAD deficiency disorder present 
a great diversity in the clinical spectrum, which is influenced 
by several factors, such as the age at which time the symptoms 
appear, the inciting circumstances or trigger factors, and the 
individual features of the genotype-phenotype relationship, in-
fluencing the severity of the disease [8]. These factors, being 
influenced by each other, make this disease very heterogene-
ous and multiplanar in its presentation [8, 18, 19].

In the neonatal age, this disease can appear with the syn-
drome of sudden death and often remains undiagnosed [20-
22]. Sudden death has been reported in adults as well [16].

In the first phase of the diagnostic approach, the prob-
able presence of a viral infection, negative toxidrome in the 
history, traces of ketones in the urine, and the rare incidence 
of metabolic disorders suggested a hepatic insufficiency un-
known, probably in the context of Reye syndrome. Although 
the history was negative in the use of aspirin, it could serve as 
a trigger. Then the hypoglycemia that was recorded during the 
blood glucose measurements and the brief deterioration in the 
level of consciousness made us suspect a metabolic disorder.

In different literature, it has been noticed that in MCAD 
deficiency disease, we do not always have an absolute lack of 
urine ketones [8]. The presence of traces of ketones in urine 
in the phases of metabolic crisis as a result of dehydration and 
oxidation of long-chain fatty acids often serves as a “trap” for 
delay in diagnosis in clinical practice [8, 23].

In our patient, the elements that helped in the diagnosis 
were persistent hypoglycemia, although not severe, and the 
rapid precipitation of the clinical condition, from a child ini-
tially in a stable state, without hepatic damage to progressing 
to a sudden onset of acute hepatic failure with coma.

In patients with MCAD deficiency, in addition to the liver, 
which remains the most affected organ, neurological manifes-
tations have also been observed, such as reduced neurocog-
nitive development ability or attention-deficit hyperactivity 
disorder (ADHD) [8, 24]. Muscular pain, chronic fatigue, and 
intolerance to physical exertion are part of the clinical diversi-
ty of MCAD deficiency disease as well [8]. Further, cardiac in-
volvement in MCAD deficiency disease is reported, although 
in rare cases, in the form of rhythm disorders and prolongation 
of the QT interval [8]. Renal manifestations are in the form 
of chronic renal disease as a result of the infiltration of toxic 
sebaceous metabolites in the renal tubules [8].

The diagnosis of MCAD deficiency disease is often diffi-
cult, with a wide age range and not infrequently with signs that 
are not clear or suspicious, but which can be perceived quickly, 
endangering the patient’s life [8]. The diagnosis is based on 
clinical data and confirmatory tests.

Neonatal screening is one of the tests performed directly 
after birth. The evaluation is done through tandem mass spec-
trometry on dried blood spots where the level of medium-
chain acetyl carnitines and methods chosen for the diagnosis 
of MCAD deficiency require an interpretation correlated with 
the clinical indicators [8, 24-27]. C6 and C10 are also high 
and C8/C10 has been found 10 times higher in patients with 
MCAD deficiency, serving with value in the diagnosis of these 
individuals [8, 28].
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The level of organic acids in urine is a test that has value in 
symptomatic individuals with MCAD deficiency [29]. In the 
urine of patients with MCAD deficiency, we have a high level 
of medium-chain dicarboxylic acids with a trend indicator. The 
test is based on measuring the high level of C8-acylcarnitine 
through the liquid chromatography-tandem mass spectrometry 
method in the blood [8, 24-27]. C6 and C10 levels are also 
high and C8/C2 and C8/C10 ratios are also high. In the litera-
ture, level of dicarboxylic acids follow up these trends hex-
anonylglycine (6) > octanoylglycine (C8) > decanoylglycine 
(C10). The level of ketones in the urine is absent or very low. 
It should be considered that the lack of ketones is not a specific 
sign in the diagnosis of MCAD deficiency, since in the course 
of metabolic crises, we have its presence in the urine, which 
can also lead to misdiagnosis [1, 8].

Analysis of arylglycine in urine determines high levels of 
n-hexanoyl glycine, 3-propionylglycine, and suberylglycine. 
This test is more informative in cases of asymptomatic patients 
or with mild symptoms [1, 8, 29, 30].

DNA genetic tests will be used depending on the clini-
cal signs or the results of the previous tests. Depending on the 
clinical signs, the history of the disease, and the family his-
tory of the patient, single targeting gene, multigene panel, and 
exome sequencing or whole genome can be used for the most 
difficult diagnostic cases [1, 24].

Enzymatic activity measurement of the MCAD enzyme is 
used mainly in cases where we have mutant variants without 
significance in genetic tests or the presence of a pathogenic 
variant [31]. The test consists in measuring the enzymatic ac-
tivity of MCAD in the culture of fibroblasts or other tissues 
such as leukocytes, liver, muscles, etc. [8, 32]. Patients will 
be considered with MCAD deficiency with enzyme activity < 
10% [32]. In another study, the enzymatic activity reaches < 
35% in patients with MCAD deficiency [33, 34].

Treatment of MCAD deficiency disease

The treatment does not include a specific cure for the disease. 
There are two main lines in the treatment of the acute phase 
and the prevention of clinical signs and management of com-
plications.

Acute management focuses on the treatment of hypogly-
cemia and inhibition of the catabolic process that accompanies 
acute decompensation and the evaluation and treatment of the 
factors that precipitate the disease [8, 35].

The treatment aims to give liquids that contain amounts of 
carbohydrates or parenteral glucose depending on the patient’s 
symptoms. Metabolic crisis in patients with MCAD deficiency 
should be considered a medical emergency, as a delay in treat-
ment has a high risk of fatal progression of the disease [35, 36]. 
Hypoglycemia is treated with solution dextrose 25% IV bolus 
at a dose of 2 mL/kg/weight [35, 36].

For patients who do not tolerate oral treatments, who have 
vomiting, loss of consciousness, signs of dehydration or docu-
mented hypoglycemia even when tolerated orally, it is recom-
mended to start therapy with dextrose infusion 10% IV with a 
dose of 1.5 times the daily requirement or 10 - 12 mg/kg/min 
glucose to maintain blood glucose level above 5 mmol/L or 

between 120 and 170 mg/dL [8, 15, 35, 36].
Prevention of clinical signs aims to avoid prolonged fast-

ing. Nutrition guidelines by genetic metabolic dieticians rec-
ommend a fasting time of 4 h for children under 4 months, 
with an additional hour for each month of age up to 12 months. 
For children 12 - 24 months up to 10 h, and for children over 
24 months fasting goes to 12 h [8, 37]. Before going to bed, 
it is recommended to feed the child with 2 g/kg/weight of un-
cooked cornstarch to maintain a linear level of glucose during 
sleep [8, 35]. A healthy, balanced diet is also recommended, 
not limiting fats, but the calories from these should not exceed 
> 30% of the total energy [8]. Physical effort or variable sports 
should be supported with carbohydrates and rehydration ther-
apy. Patients are advised to avoid foods containing medium-
chain triglycerides, coconut oil, diets that include prolonged 
fasting, not using alcohol in teenagers and aspirin [8, 17].

In different literature, supplements with carnitine have 
been found contradictory because of increased renal excretion 
of carnitine in patients with MCAD deficiency, leading to a 
secondary deficit of it. Its use for correcting the deficit and im-
proving increased tolerance to physical effort is recommended 
by many researchers [8, 38, 39]. On the other hand, long-term 
use brings side effects, and it has not been found to improve 
fasting [8]. However, its use in low doses and in patients with 
low levels of carnitine, in patients with severe forms of MCAD 
deficiency intolerant to physical exertion and marked muscle 
weakness finds support from many authors [8, 40, 41].

The innovative therapy is described as the therapy with glyc-
erol phenylbutyrate, as an adjuvant and is still in the clinical trial 
phase in adults [8, 24]. Gene therapy with adenovirus vector has 
shown promising data, but the studies are still in animals [24].

Genetic counseling is needed, and it is necessary that the 
patient has information about the disease, its transmission, the 
chances of how it affects the future of the family, and the qual-
ity of life of the affected persons [8].

Conclusions

MCAD deficiency is one of the most frequent disorders of 
fatty beta-oxidation and the clinical signs are often complex 
with a wide large presentation. The early recognition of it is 
important for clinical decisions and affects the outcome. Early 
and aggressive treatment is lifesaving for patients with MCAD 
deficiency.

Learning points

MCAD deficiency can present as an acute liver failure in med-
ical practice. Red flag signs like hypoglycemia should be taken 
into consideration for a careful diagnostic approach for a cor-
rect diagnosis.
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