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Thiamine responsive megaloblastic anemia syndrome (TRMAS) is a rare, 
autosomal recessive disorder characterized by megaloblastic anemia, diabetes 
mellitus, and progressive sensorineural deafness. Mutations in the SLC19A2 
gene that codes for thiamine transporter 1 protein cause TRMAS, and more 
than 30 homozygous mutations have been identified to date. Congenital heart 
diseases and arrhythmias have been reported in few patients. We present 
cardiac features of five patients with TRMAS. Five patients had macrocytic 
anemia, diabetes mellitus, and sensorineural deafness. Two siblings had 
also optic atrophy. SLC19A2 gene mutation was shown in all patients. Two 
patients developed supraventricular tachycardia during an episode of diabetic 
ketoacidosis. Five patients had absent P waves on baseline electrocardiography, 
and one patient had additional low QRS voltage. None of the patients had 
structural heart disease. Discontinuation of thiamine treatment appears to 
trigger supraventricular tachycardia episodes at puberty.
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Thiamine responsive megaloblastic anemia 
syndrome (TRMAS) is a rare, autosomal recessive 
disorder characterized by megaloblastic anemia, 
diabetes mellitus, and progressive sensorineural 
deafness.1 In addition, optic nerve abnormalities, 
congenital heart diseases, and arrhythmias have 
been reported in some patients. Thiamine is 
a cofactor of pyruvate dehydrogenase, alpha 
ketoglutarate dehydrogenase, and transketolase 
enzymes, which play an important role in 
energy metabolism (Fig. 1). Intracellular 
thiamine deficiency impairs aerobic oxidative 
synthesis of ATP and DNA/RNA biosynthesis, 
leads to cellular death and apoptosis. Thiamine 
enters cell via thiamine transporter 1 and/
or thiamine transporter 2.1,2 Mutations in 
the SLC19A2 gene that codes for thiamine 
transporter 1 cause TRMAS, and more than 30 
homozygous mutations have been identified to 
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date.2 Thiamine transporter 1 is the dominant 
transporter in inner ear cells, pancreatic islet 
cells, and hematopoietic stem cells.1,2 

Macrocytic anemia responds very well to 
thiamine. Diabetes also responds very favorably 
to thiamine treatment initially, so that glucose 
levels revert to normal without the need of 
insulin therapy. However, patients exhibit 
diminished response to thiamine and become 
insulin-dependent despite taking a sufficient 
amount of thiamine with the onset of puberty. 
Unfortunately, thiamine does not provide much 
benefit for preventing deafness.3

We present five TRMAS cases (female/male; 
3/2), four of which we had previously reported 
as general clinic.3-6 The youngest and the oldest 
patients were four months and five years old, 
respectively at the time of diagnosis. Case 
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2 and 3 were siblings. Molecular sequence 
analysis showed a homozygous c.697C>T 
mutation in one patient, a homozygous 
c.1105delTT mutation in two patients and 
a homozygous two-base deletion and 3-base 
insertion c.566_567delGCinsTCT mutation 
in two patients (Fig. 2). All patients had 
macrocytic anemia, diabetes mellitus, and 
sensorineural deafness. Two patients who were 
siblings also had optic atrophy. During the 
follow-up of our patients with TRMAS, one of 
them developed supraventricular tachycardia as 
a cardiac manifestation during hospital stay for 
diabetic ketoacidosis after the discontinuation 
of thiamine therapy. All patients additionally 
showed the absence/flattening of p waves (Fig. 
3), and one patient also had low voltage on 
12-lead electrocardiography. None of our cases 
had congenital heart defects (Table I).

To date, supraventricular tachycardia has been 
reported in only 4 patients with TRMAS in the 
literature.7 In one of them, Ebstein anomaly 
accompanied the clinical picture whereas the 
other three cases had normal cardiac anatomy, 
as had our patients. Atrial fibrillation has been 
reported in four cases.7 Among these, two 
had normal cardiac anatomy, while two other 
had Ebstein anomaly.7 Absent or flattened 
p waves, first degree atrioventricular block, 
right bundle branch block, and wandering 
pacemaker have also been reported as rhythm 

disorders accompanying the syndrome.7 Only 
a few cases with congestive cardiomyopathy 
have been reported.7,8 Ebstein anomaly, 
secundum atrial septal defect, ventricular 
septal defect, endocardial cushion defect, 
dextrocardia, and Uhl anomaly are among 
cardiac defects previously reported in the 
literature.7 Arrhythmias are more common in 
subjects with TRMAS compared to general 
population.7 

Discontinuation of thiamine therapy reportedly 
impairs glucose regulation and leads to diabetic 
ketoacidosis. Interrupting thiamine may 
similarly cause a tendency for supraventricular 
tachycardia episodes. 
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Fig. 3. Electrocardiography show absent P wave.

Fig. 1. Thiamine is transported into cells by THTR1 
and/or THTR 2. Thiamine pyrophosphate activate alpha 
ketoglutarate dehydrogenase, pyruvate dehydrogenase, 
transketolase.

Fig. 2. A map of SLC19A2 gene showing mutations on protein in our patients.
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