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BACKGROUND/AIMS
Iron deficiency is the most common and widespread nutritional disorder, which leads to iron deficiency anemia (IDA) if left untreated. IDA 
can present in various forms with the involvement of multiple systems, varying from arrhythmia to left ventricular dysfunction and even 
heart failure in cardiological terms. Nowadays, electrocardiography (ECG) is the most accessible and valuable method of diagnosing 
rhythm and conduction disorders. In this study, we aimed to evaluate the ECG parameters, such as QT, QTc, QT dispersion, Tp-e interval, 
and Tp-e/QTc ratio used in the diagnosing malignant ventricular arrhythmias, of children before and after IDA treatment.

MATERIAL and METHODS 
This study included 30 children with no cardiac or chronic disease and was conducted between December 2017 and June 2018. All the 
children were diagnosed with IDA and treated in the Pediatrics Outpatient Clinics of Gaziantep University Medical Faculty. Pre- and 
post-treatment QT, QTc, Tp-e interval, Tp-e/QTc ratio, and QT dispersion values of the patients were compared.

RESULTS
Post-treatment values of hemoglobin, mean corpuscular volume, Ferritin, and Fe were significantly lower than the pretreatment values, 
while total iron-binding capacity was found to be significantly higher. The QTc, Tp-e interval, and Tp-e/QTc ratio were significantly lower 
after the treatment.

CONCLUSION
Our study revealed that QTc, Tp-e interval, and Tp-e/QTc ratios on the ECG decreased after treatment of the IDA. Children diagnosed 
with IDA should be carefully monitored for ventricular arrhythmias throughout the treatment.

Keywords: Iron deficiency anemia, electrocardiography, childhood

INTRODUCTION
Iron deficiency is the most common and widespread nutritional disorder, which leads to iron deficiency anemia (IDA) if 
left untreated (1). IDA can either be asymptomatic or present with the involvement of multiple systems. In terms of cardio-
vascular manifestation, patients who are diagnosed with IDA can have a clinical picture varying from arrhythmia to left 
ventricular dysfunction, and even heart failure (2).

Electrocardiography (ECG) is still the most valuable method because it is an inexpensive, accessible, and non-invasive 
technique used in the diagnosis of rhythm and conduction disorders. Studies commonly investigate new ECG param-
eters like Tp-e interval, Tp-e/QTc ratio as well as QT and QT, showing ventricular repolarization abnormalities in the 
diagnosis of malignant ventricular arrhythmias, which is a leading cause of sudden cardiac death (3, 4). It is known that 
sudden cardiac death can occur without an underlying heart disease. On this basis, the relationship between anemia 
and ventricular arrhythmias is frequently studied in both pediatric and adult patients. The relationship between IDA and 
electrocardiographic measurements in children has also been a subject of various studies, and previous studies have 
shown that anemia prolongs the values of Tp-e interval, Tp-e/QTc ratio, as well as QT and QTc (5, 6, 7). However, to the 
best of our knowledge, no study has compared the pre- and post-treatment ECG values of patients with IDA. In our 
study, we aimed to compare pre- and post-treatment QT, QTc, Tp-e interval, Tp-e/QTc ratio, and QT dispersion in children 
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diagnosed with IDA for the early diagnosis of life-threatening 
arrhythmias during treatment.

MATERIAL and METHODS
This prospective study involving 30 children diagnosed with IDA 
was conducted at the Pediatrics outpatient clinic of Gaziantep 
University Faculty of Medicine between December 2017 and 
June 2018. The patients consisted of children who consulted to 
our hospital because of their incidental anemias. Patients with 
an underlying congenital or rheumatologic heart disease and 
chronic disease, as well as those with ventricular dysfunction, 
arrhythmia, hypo-hyperthyroidism, electrolyte imbalance, or 
acute inflammatory disease, or patients receiving drug therapy 
were excluded from the study because it may affect the ECG 
parameters. Detailed physical examinations and 12-derivation 
ECG as well as the full blood count, serum electrolytes, urea, 
creatinine, iron, ferritin, and total iron-binding capacity (TIBC) 
values of these patients, were examined. Hemoglobin electro-
phoresis from each patient was also examined for the differen-
tial diagnosis of IDA. A 6 mg/kg/day ferrous sulfate treatment 
was administered to the IDA patients for 12 weeks. ECG mea-
surements were repeated after the treatment in the patients 
whose anemia was corrected, and the results were compared 
to pretreatment results. Voluntary informed consent was ob-
tained from the patients/parents and presented to the Ethics 
Committee. This study was conducted in line with the approval 
obtained by the decision of Gaziantep University Clinical Trials 
Ethics Committee dated 06.06.2018 and numbered 2018/92.

Electrocardiography
Standard 12-derivation ECGs of the patients were recorded at rest 
in the supine position with an amplitude of 1 mV/cm and speed of 

25 mm/sec (Mortara ELI 280; Nihon Kohden, Tokyo, Japan). The 
electrocardiographic records were transferred to a computer via 
scanners and computerized to obtain more meticulous measure-
ments. QT interval was defined as the time from the onset of the 
QRS complex to the point of the T wave’s return to the isoelectric 
line. The deepest point between the T and U waves was mea-
sured in the presence of the U wave. Electrocardiographic re-
cords were considered analyzable when a T wave was available 
in eight or more electrodes. QT interval was not measured in the 
absence of the T wave. Since QT interval varies with the heart 
rate, QTc was calculated using Bazett’s formula (8). QT interval 
was measured in all the available leads, including lead I, II, and 
V5 in particular. The mean value of three measurements of the 
QT interval was used for further analysis. The difference between 
the longest and the shortest QT interval was calculated as the 
QT dispersion (QTd). Tp-e interval was measured from Tpeak (the 
highest point of T wave) to Tend. Tend was defined as the intersec-
tion point between the tangent point of the downward slope of 
the T wave and the isoelectric line. U wave was ignored. Tp-e/
QTc ratio was calculated from these measurements. All the Tp-e 
measurements were performed in the precordial leads.

Iron Deficiency Anemia
Iron (Fe), ferritin, TIBC, hemoglobin (Hb), hematocrit (Hct), and 
mean corpuscular volume (MCV) values of all the patients were 
studied for the assessment of the diagnosis and treatment of 
IDA. Hb values -2SD below the age-appropriate levels and fer-
ritin values below 15 ng/mL were taken into account for the di-
agnosis of IDA (9).

Statistical Analysis
The data obtained were analyzed using the SPSS (Statistical 
Package for the Social Sciences) version 22 statistical package 
software (IBM SPSS Corp.; Armonk, NY, USA). The Mann–Whit-
ney U test, independent groups Student’s t-test, dependent 
groups t-test, Wilcoxon test, and Pearson correlation analyses 
were used together with descriptive statistics. Mean, standard 
deviation, lowest, and highest values were used and expressed 
in tables and graphics for the descriptive statistics. The level of 
significance was accepted as 0.05.

RESULTS
This study included 30 patients who were diagnosed with and 
treated for IDA. The mean age of the patients was 4.8±4.4. Nine-
teen patients were males, and 11 were females. Comparison of 
the pre- and post-treatment hematological parameters of the 
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Main Points:

•	 Iron deficiency is the most common and widespread nu-
tritional disorder, which leads to iron deficiency anemia 
in children

•	 Iron deficiency anemia can present in various forms with 
the involvement of multiple systems, varying from ar-
rhythmia to left ventricular dysfunction and even heart 
failure in cardiological terms.

•	 Patients with iron deficiency anemia should be fol-
lowed-up for life-threatening arrhythmias during treat-
ment

FIGURE 1. Comparison of the hematologic parameters of the groups



30 patients is shown in Table 1 and Figure 1. Compared to the 
post-treatment values, Hb, MCV, Ferritin, and Fe values were 
significantly lower while TIBC was significantly higher. Com-
parison of the pre- and post-treatment electrocardiographic 
parameters of the patients is shown in Table 2 and Figure 2. 
When compared to the pretreatment values, it was found that 
QTc interval, Tp-e interval, and Tp-e/QTc ratio were significantly 
decreased after the treatment.

DISCUSSION
This study showed that QTc, Tp-e interval, and Tp-e/QTc ratio 
values were significantly decreased after treatment in patients 
whose IDA was corrected. Our study also found a negative 
correlation between QTc and both Hb and Ferritin (Hb: r=−0,24 
p=0,193; Ferrritin: r=−0,133 p=0,484). Studies, particularly in the 
adult literature have shown that IDA is correlated with car-
diomyopathy, left ventricular dysfunction, and premature ven-
tricular contractions (7, 10). However, similar studies are limited 
among pediatric patients.

QT interval defines ventricular depolarization and repolariza-
tion, and a prolonged QT interval increases the risk of fatal ven-
tricular arrhythmia and sudden cardiac death (11). Studies have 
shown prolonged QTc intervals in patients with renal failure and 
thalassemia, resulting in high Fe stores (12, 13). Similarly, several 
studies on pediatric and adult patients with sickle cell anemia in 
the USA showed QT interval prolongations (14-16). However, an-
other study on anemia patients with different etiological causes 
found normal QT intervals in anemia patients (17). A study by 
Karadeniz et al. (18) on pediatric patients with anemia demon-
strated a negative correlation between ferritin levels and QTc. 
In our study, we showed that the QTc values of patients whose 
IDA was corrected with treatment were significantly decreased 
compared to the pretreatment values. There was a negative 
correlation between ferritin and Hb values and QTc. Different 
results in the literature might be attributed to the different etiol-
ogies of anemia and the different measuring techniques. Similar 
results in diseases that present with both anemia and high Fe 
stores might be due to the fact that iron is a significant element 
in the enzymatic system of cardiomyocytes.
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FIGURE 2. Comparison of the electrocardiographic parameters of the groups

TABLE 1. Comparison of the hematologic parameters of the groups. RBC red blood cells, MCV mean cell volume, Fe iron, TIBC total iron-binding capacity

	                                                             Pre-treatment		                                                          Post-treatment

Hematologic Parameters	 Mean±SD	 Minimum - Maximum	 Mean±SD	 Minimum - Maximum	 P value

Hemoglobin (g/dl)	 10.3±1.6	 5.4-12.5	 12.1±0.9	 10.0-13.8	 0.000

RBC (x/)	 4.8±0.5	 3.5-5.4	 4.9±0.5	 4.0-5.7	 0.213

MCV (fL)	 69.1±6.0	 52.0-79.6	 75.0±4.7	 68.1-87.7	 0.000

Ferritin (ug/L)	 7.5±4.1	 1.3-14.3	 33.8±20.0	 12.4-90.3	 0.000

Fe (μg/dl)	 26.5±13.3	 12.0-75.0	 85.0±73.7	 22.0-287.0	 0.000

TIBC (μg/dl)	 412.1±55.9	 331.0-572.0	 348.7±54.6	 256.0-509.0	 0.000

TABLE 2. Comparison of the electrocardiographic parameters of the groups. bpm beat per minute, ms milliseconds, QTc corrected QT interval

	                                                             Pre-treatment		                                                          Post-treatment

Electrocardiographic Parameters	 Mean±SD	 Minimum - Maximum	 Mean±SD	 Minimum - Maximum	 P value

Heart rate (bpm)	 118.0±29.8	 72.0-171.0	 109.3±25.5	 73.0-153.0	 0.054

QT (ms)	 294.3±44.5	 200.0-400.0	 286.7±37.3	 220.0-380.0	 0.240

QTc (ms)	 396.6±29.4	 333.0-444.0	 381.6±24.4	 337.0-433.0	 0.010

Tp-e (V5) (ms)	 61.3±22.2	 20.0-120.0	 50.0±14.6	 20.0-80.0	 0.001

QT Dispersion (ms)	 35.3±13.6	 20.0-80.0	 33.3±10.9	 20.0-60.0	 0.573

Tp-e (V5) / QTc	 0.2±0.1	 0.1-0.3	 0.1±0.0	 0.1-0.2	 0.002
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QT dispersion is defined as the difference between the longest 
and shortest QT distance in a 12-derivation ECG. This difference 
between QT distances indicates a non-uniform ventricular re-
polarization, and as it prolongs, it may lead to the development 
of severe ventricular arrhythmia, which can result in sudden 
cardiac death, like in long QT interval (19, 20). Since there is no 
consensus on the pathological upper limit of the reference in-
tervals and values, the relationship of QTd with cardiac mor-
tality is controversial, but various studies argue otherwise. In a 
study by Kulanet al. on patients with MVP, QTc dispersion was 
found to be higher than in the control group (21). In a study by 
Karadeniz et al. (18) on pediatric patients, QTc dispersion was 
found to be significantly higher in patients with low iron stores, 
while it had a significantly negative correlation with ferritin. In 
our study, we did not find a significant difference between pre- 
and post-treatment values. The differences in studies might be 
due to the different measuring techniques and the difficulty in 
determining the endpoint of the T wave.

The distance between the peak point and endpoint of the T 
wave is defined as the Tp-e interval, and it is a measure of the 
transmyocardial distribution of ventricular repolarization. Pro-
longation of Tp-e interval might be associated with dangerous 
rhythm disorders and ventricular arrhythmias (3). However, var-
ious studies showed that the Tp-e/QTc ratio could reveal ven-
tricular repolarization abnormalities more precisely because it is 
not affected by the heart rate and body mass index (22). Tp-e/
QTc ratio was found to be higher in patients with the risks of an 
arrhythmogenic condition, such as long QT syndrome, Brugada 
syndrome, acute myocardial infarction, and short QT syndrome 
(3, 23, 24). In our study, we showed that both the Tp-e interval 
and Tp-e/QTc ratio were significantly higher in children before 
the treatment. We also found a negative correlation between 
post-treatment Hb and both Tp-e interval and Tp-e/QTc ratio 
(Hb and Tp-e interval: r=0,179 p=0,343 Hb and Tp-e/QTc ratio: 
r=0,266 p=0,155).

The impact of anemia and iron deficiency on cardiovascular he-
modynamics has been demonstrated in several studies (25, 26). 
Iron is stored in cells as an important element of the enzymatic 
system of cardiomyocytes. Many studies reported that cardio-
vascular hemodynamics were affected in both iron deficiency 
and iron overload secondary to chronic blood transfusions (2, 
27, 28).

These studies compared patient groups with and without ane-
mia and revealed that anemia caused myocardial diseases by 
affecting the increased cardiac output, increased sympathetic 
activation, and ventricular functions (28, 29). To the best of our 
knowledge, our study is the first one that was conducted with 
dependent variables, differently from other studies. In our study, 
we compared the cardiac functions of patients with corrected 
anemia to the pretreatment values. The study showed that QTc, 
Tp-e interval, and Tp-e/QTc ratio values were significantly de-
creased after treatment in patients whose IDA was corrected. 
Low Hb levels were considered to reduce the systemic vascular 
resistance by decreasing the blood viscosity (30). In this con-
text, decreased myocardial tissue oxygenation in iron deficiency 
anemia and the accompanying autonomic imbalance might be 
a potential reason for the higher QTc, Tp-e interval, and Tp-e/
QTc ratio measures before the treatment.

Our study had some limitations. The primary limitation was the 
small sample size, restricts the strength of detecting small dif-
ferences. Secondly, our patients were anemic children with low 
iron stores. It would be beneficial to conduct a comparison study 
with patients who have low iron stores but have not yet devel-
oped anemia.

In conclusion, our study showed that the QTc, Tp-e interval, and 
Tp-e/QTc ratios decreased on the ECG after the iron deficiency 
anemia was treated. Therefore, these parameters, which have 
been used as new markers for predicting atrial and ventricular 
arrhythmias in many studies, should also be carefully evaluat-
ed in children with iron deficiency, and patients should be fol-
lowed-up for life-threatening arrhythmias during treatment. 
However, additional studies, including more extensive series 
and different multicenter units, are needed in this regard.
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