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Abstract

The prevalence of congenital heart diseases (CHDs) was estimated to be 8-12 per 1000 live births. Around 77.8% and 87.2%
of cyanotic and asyanotic CHD cases experienced decrease in iron levels in the blood respectively. Anemia in children with
CHDs, especially with cyanosis and high hematocrit levels due to chronic hypoxia, were often underdiagnosed. The Mentzer
index as a diagnostic tool for anemia was used to diagnose iron deficiency in children with cyanotic and acyanotic CHDs. This
research was a cross-sectional study done in Haji Adam Malik hospital by using data from medical records. Among 110
samples, TOF and VSD were diagnosed the most in cyanotic and acyanotic CHDs respectively in children aged 1 — 5 years
old. Hematological parameters such as hemoglobin, hematocrit and erythrocyte showed significant value (p<0.05) statistically.
The difference of the Mentzer index with Mann-Whitney test showed significant difference (p<0.05) with median value of
12.0+3.9 and 17.2 +4.2 in cyanotic and acyanotic CHD respectively.
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1. Introduction

Congenital heart diseases (CHDs) are the most common congenital disorder found. The prevalence of CHDs
was estimated to be 8-12 cases per 1000 live births (Susan et al., 2019). Children with CHDs often suffer from
iron deficiency anemia, which was caused by multiple factors. In 114 children with CHDs, 85% needed iron
supplementation (Maloku-Ceku and Berisha, 2010). The prevalence of children with iron deficiency anemia in
Indonesia remains high. From the data by Basic Health Research (Riskesdas) Indonesia, the prevalence of anemia
in North Sumatra in year 2007 was 16.5%. While in 2013, almost 30% children aged 1 — 14 years old suffered
from anemia (Depkes RI, 2007; Depkes RI, 2013).

Both cyanotic and acyanotic congenital heart diseases have risks of iron reserves depletion in the body. The
study by Mukherjee et al., (2018) showed 5 to 10 patients with cyanotic CHDs suffered from iron deficiency
(Mukherjee et al., 2018). Meanwhile, Binh et al., (2018) reported 77.8% and 87.2% cyanotic and acyanotic CHD
patients respectively suffered from the decrease in iron levels in the blood. Hemoglobin (Hb) concentration within
normal range may imply that cyanotic CHD patients were relative anemia. This condition may have negative
effects to mortality and morbidity (Binh et al., 2018). Soni et al., (2018) compared normal population as the
control group to cyanotic CHD cases and reported 56.7% cases of iron deficiency (Soni et al., 2018). From the
existing research, iron deficiency in congenital heart diseases needed to be enforced by serum ferritin, serum iron
(SI), and total iron binding capacity (TIBC) level checks (Mukherjee et al., 2018). Those examinations, however,
require special equipment, specialists in hematology, and high in cost.

Anemia in children with CHDs, especially cyanotic children who showed high haematocrit levels due to
chronic hypoxia, were often under diagnosed. Therefore, there is a need of screening tools that can be easily
applied in everyday life, even when no haematologists are available, for early detection with affordable price. In
some literature, the Mentzer index (MI) was used as an early screening tool to differentiate iron deficiency anemia
from thalassemia (Alam et al., 2014, Djer and Madiyono, 2016, Martinez-Quintan and Rodriguez-Gonzélez, 2013,
Okoromah et al., 2011).

The Mentzer index (MI) is one of the discrimination index formulas developed as a thalassemia trait test
to distinguish thalassemia with other hypochromic microcytic anemia, especially iron deficiency anemia. The
calculation is done by dividing the average cell volumes or mean corpuscular volume (MCV) with total
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erythrocytes, where values greater than 13 are predictors from iron deficiency anemia. In several past studies
about the M1 values >13 concluded good sensitivity and specificity values at 93% and 84% respectively to enforce
iron deficiency anemia (Alam et al., 2014, Djer and Madiyono, 2016, Martinez-Quintan and Rodriguez-Gonzalez,
2013, Okoromah et al., 2011). Niazi et al., 2010 did a research on patients with iron deficiency anemia in Pakistan
for the sensitivity and specificity of seven screening methods to differentiate thalassemia trait from iron deficiency,
such as RDWI, Mentzer, Green & Kings, Srivastava, Ricerca, England Fraser, and Shine Lal, concluded that the
highest diagnosis accuracy was RDW index (88.14%), followed by Mentzer index (86.85%) (Niazi et al., 2010).
Vehapoglu et al., (2014) also conducted a research to 290 children with thalassemia and anemia. They found that
the MI has 98.7% and 82.3% sensitivity and specificity respectively. Meanwhile, Youdan index had 81% accuracy
for thalassemia filter test, which was the highest compared to other discrimination indices (Vehapoglu et al., 2014).
Another study by Ehsani et al., (2009) showed that the best screening index based on Youden criteria was the
Mentzer index (90.1%), followed by RDW index (85.5%) (Ehsani et al., 2009). Today, there has not been a study
that used the MI as one of the formulas for iron deficiency anemia early screening in patients with cyanotic and
acyanotic congenital heart diseases.

2. Methods

This study was a cross-sectional study by assessing the differences between the Mentzer index and both
cyanotic and acyanotic congenital heart diseases. Sampling technique used was non-probability sampling by
consecutive sampling method from medical records in Haji Adam Malike Hospital between January 2018 and
December 2019. Inclusion criteria were patients aged > 6 months old with congenital heart diseases based on
diagnosis by echocardiography and having complete medical records. Exclusion criteria were patients who had
received iron supplementation for > 1 month before receiving treatment in Haji Adam Malik hospital and patients
with no complete routine blood test results.

Congenital heart disease diagnosis was enforced by echocardiography results. Data such as age, gender,
medical record number, as well as the hematological parameters (hemoglobin, hematocrit, and erythrocyte levels)
from Haji Adam Malik hospital blood test laboratory by Sysmex XN-1000 equipment was collected. The Mentzer
index was calculated by dividing MCV with erythrocyte levels. The results were categorized into IM > 13 and IM
<13.

This study had received research approval from Health Research Ethics Committee of Medical Faculty,
Universitas Sumatera Utara (No. 902/TGL/KEPK FK USU-RSUP HAM/2019).

2.1. Data analysis

Data processing was performed by using Statistical Package Social Sciences for Windows (SPSS) version
21 computerized system. Mann-Whitney test was used to measure the correlation between the Mentzer index and
the hematological parameters, whereas unpaired t-test was used to measure the differences between the Mentzer
index and both cyanotic and acyanotic congenital heart diseases.

3.  Results

3.1. Research subject characteristic data

There were 110 children meeting the inclusion criteria in this study. They were divided into two groups,
such as 55 cyanotic CHD and 55 acyanotic CHD children. Data was recorded from the inpatient and outpatient
medical records of pediatric cardiology in Haji Adam Malik Hospital Medan between January 2018 and December
2019. Table 1 shows the characteristic data of research subjects.

Table 1. Research subject characteristic

o Congenital heart disease
Characteristic

Cyanotic Acyanotic

Gender, n(%)
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Male 31 (56.4) 24 (43.6)
Female 24 (43.6) 31 (56.4)
Age, years old, n(%)
<1 yearold 2 (3.6) 5(9.1)
1-5yearsold 24 (43.6) 23(41.8)
6 — 12 years old 21 (38.2) 19 (14.5)
13- 18 years old 8 (14.5) 8 (14.5)
Nutritional status, n(%)
Malnutrition 8 (14.5) 15 (27.3)
Poor nutrition 30 (54.5) 28 (50.9)
Good nutrition 17 (30.9) 11 (20)
overweight - 1(1,8)

Hemoglobin, n(%)

Low 4(7.3) 11 (20)

Normal 15 (27.3) 39 (70.9)

Hight 36 (65.5) 5(9.1)
Hematocrit, n(%)

Low 2(3.6) 10 (18.2)

Normal 10 (18.2) 39 (70.9)

High 43(78.2) 6 (10.9)
MCV, n(%)

Microcytic 14 (25.5) 7(12.7)

Normal 11 (20) 15(27.3)

Macrocytic 30 (54.5) 33(60)
Erythrocytes, n(%)

Low 3(5.5) 23(41.8)

Normal 25 (45.5) 30 (54.5)

High 27 (49.1) 2(3.6)

In cyanotic CHD group, there were 56.4% male and 43.6% female patients. Whereas in acyanotic CHD
group, there were 43.6% male and 56.4% female patients. The highest incidence frequency was found in children
aged 1 — 5 years old (43.6% and 41.8%) followed by children aged 6 — 12 years old (38.2% and 14.5%) in both
cyanotic and acyanotic CHD groups. Almost half of the research subjects involved in the study had poor nutrition
(54.5% and 50.9% in cyanotic and acyanotic group respectively). Based on echocardiography results, the highest
diagnosis for cyanotic CHD was TOF (44 subjects), followed by TGA (7 subjects), double outlet right ventricle
(DORYV) (3 subjects), and truncus arteriosus (1 subject). While in acyanotic CHD group, the highest diagnosis
was ventricular septal defect (VSD) (30 subjects), patent ducus arteriosus (PDA) (17 subjects), and atrial septal
defect (ASD) (8 subjects). The data is shown in Figure 1 below.

Hematological parameters observed in this study was hemoglobin (Hb), hematocrit (Ht), mean corpuscular
volume (MCV), and erythrocytes (Eri). In cyanotic CHD group, 36 samples (65.6%) had high Hb level, 15
samples (27.3%) had normal Hb levels, and 4 samples (7.3%) had low Hb levels. Whereas in acyanatic group, 43
samples (78.2%) had normal Hb levels, 11 samples (20%) had low Hb levels, and 5 samples (9.1%) had high Hb
levels. As for Ht levels, in cyanotic CHD group, 43 samples (78.2%) and 10 samples (18.2%) had high and normal
Ht levels respectively. As for acyanotic CHD group, 39 samples (70.9%) and 10 samples (18.2%) had normal and
low Ht levels.
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Fig. 1. Cyanotic and acyanotic congenital heart disease diagnosis
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3.2. The relationship between the Mentzer index and hematological parameters

The Mentzer index (MI) and hematological parameters were tested by Mann-Whitney test as shown in Table
2. The relationship between the MI value and hematological parameters, such as Hb, Ht and Eri was significant
(p <0.05). In both cyanotic and acyanotic CHDs, the median values (min —max) of the M1 were 11.8 (4.7 — 21.86)
and 17.2 (4.92 — 27.54) respectively. Whereas, the median values (min — max) of Hb levels in cyanotic and
acyanotic CHDs were 17 (7.2 — 26.8) and 12.4 (8 — 19.3) respectively.

Table 2 The differences between the Mentzer index and hematological parameters

Parameter Cyanotic Acyanotic P
(n=55) (n=55)

Mentzer Index, median (min- 11.8 17.2 0.00

max) (4.7-21.86) (4.92-27,54)

Hemoglobin, median (min-max), 17.0 12.4 0.00

mg/dL (7.2-26.8) (8-19.3)

Hematocrit, median (min-max), 53.0 37.0 0.00

% (25-81) (25-58)

MCV, median (min-max), fL 81.0 80 0.53
(28-105) (29.3-96)

Erythrocyte, median 6.4 45 0.00

(min-max), million/pL (3.4-10.54) (3.1-7.4)

3.3. The relationship between the Mentzer index and congenital heart diseases

The differences between the Mentzer index and both cyanotic and acyanotic CHDs by unpaired t-test was
statistically significant with p < 0.05. Table 3 below shows the relationship between the MI and congenital heart
diseases.

Table 3. The differences between the Mentzer index and congenital heart diseases

Congenital heart diseases

Mentzer Index P
Cyanotic Acyanotic
>13 20 48
0.00
<13 35 7
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4. Discussion

Congenital heart diseases (CHDs) occurred in every 8 live births (Bernier et al., 2010). This study was a
cross-sectional study that assessed the differences between the Mentzer index and congenital heart diseases both
cyanotic and acyanotic. The Mentzer index was a method used to differentiate iron deficiency anemia from minor
thalassemia found by Mentzer in 1973. The index of mean corpuscular volume (MCV) in fL was divided by red
blood cells (in million per microliter). The values of each data could be observed from the results of complete
laboratory blood test (Ferdian et al., 2009).

In the basic characteristic of research sample data, most subjects were male (56.4%) in cyanotic CHD, while
in acyanotic CHD, more female patients (56.4%) were observed. The study done by Nikyar et al., (2008) where
babies born with CHDs were observed in Dezyani hospital, Iran. The prevalence was 8.6 CHDs per 1000 live
births, where most patients were male with a ratio of 9.96 and 7.34 per 100. Moreover, the risk of CHD incidences
was 1.35 higher in male than in female (OR = 1.35) (Nikyar et al., 2011). Similar research was done by Hermawan
et al., (2018) by observing CHD profile in Dr. M. Djamil hospital Padang. They reported higher incidence rate in
male patients where 42 patients (49.42%) with cyanotic CHDs, 27 patients (31.76%) with acyanotic CHDs and
16 patients (18.82%) were suffering from combined CHDs (Hermawan et al., 2018). The past studies showed
higher incidence rate of congenital heart diseases in male than in female.

In the study, patients treated with CHDs were in 1 —5 and 6 — 12 year-old age groups. There were 24 subjects
(43.6%) and 21 subjects (38.2%) in cyanotic group in the 1 — 5 and 6 — 12 year-old age groups respectively, and
23 subjects (41.8%) and 19 subjects (14.5%) in acyanotic group respectively. Past studies also reported that most
CHD cases were found in toddlers (>1 year old). Hermawan et al., (2018) reported that most children were at the
age of >1 year old when they were diagnosed with CHDs. Another supporting study was done by Maramis et al.,
(2014) in Manado, who reported higher cases of CHDs in 1 — 6 year-old age group within 4 years (Hermawan et
al., 2018; Maramis et al., 2014). This showed that most CHD cases were found in toddlers.

There were 30 subjects (54.5%) and 28 subjects (50.9%) in cyanotic and acyanotic CHDs respectively with
poor nutritional status. In a case-control study done by Okoromah et al., (2011) reported 66 from 73 children with
CHDs had poor nutritional status. The overall prevalence was 90.4% in case group compared to 21.1% control
group (Okoromah et al., 2011). The study done by Mir et al., (2019) also reported 72.5% prevalence of poor
nutritional status in 29 from 40 children with CHDs compared to 22.5% prevalence of children without CHDs but
had poor nutritional status (Mir et al., 2019). Similarly, in Padang and Egypt, in the study by Hermawan et al.,
(2015) and Hassan et al., (2015) reported higher cases of poor nutritional status in all patients with CHDs,
regardless of the type of CHDs they were suffering from (Hassan et al., 2015; Hermawan et al., 2015). The study
in Egypt was a cross-sectional study done to 152 children with CHDs and reported 65.8% malnutrition (lack and
poor nutritional status), 62.5% underweight, and 66.4% stunting cases (Hassan et al., 2015). This study showed
that cyanotic CHDs tended to affect body weight and length gain. Patients without cyanosis have slower body
weight gain than body length gain. In general, the causes of malnutrition in CHD patients were the increase need
of energy/calorie absorption but with inefficient utilization, inadequate calorie intake, and impaired macro and
micro nutrient absorption. Children with CHDs often suffer from growth failure as they were frequently admitted
to hospitals and had insufficient nutrition intake (Nydegger et al., 2009).

Cyanotic and acyanotic congenital heart diseases were enforced by echocardiography test results. Based on
the type of heart defects, the highest diagnosis in cyanotic CHD was TOF (44 subjects), followed by TGA (7
subjects). While, in acyanotic CHD, the highest diagnosis was VSD (30 subjects) and PDA (17 subjects). Another
study also reported ASD (34%) and VVSD (28.3%) as the highest diagnosis in CHD patients (Maramis et al., 2016;
Hariyanto, 2016).

Various results of hematological parameters (Hb, Ht, MCV, and Eri) and MI were obtained in this study.
The mean values of cyanotic and acyanotic CHDs respectively were 17.0+3.5 and 12.4+2.0 for Hb; 53.8+11.2
and 37.9+6.4 for Ht. The cross-sectional study done in Padang reported mean level for Hb of acyanotic CHD
patients was 11.97 mg/dL and for Ht was 42.7% and 48.6% for acyanotic and cyanotic CHD respectively
(Nydegger et al., 2009). Binh et al., (2018) reported the min and max Ht levels in cyanotic and acyanotic CHD
patients were at 52.2 = 7.9 and 39.1 £ 3.2 respectively with P value 0.0001, whereas for the min and max value
of Hb levels were at 17.3 + 27.4 and 12.8 + 10.3 for cyanotic and acyanotic CHD respectively with P value 0.0001
(Binh et al., 2018). In cyanotic CHDs, hematocrit level increased and it caused hyperviscosity. Moreover, Hb
level increased as well. Hyperviscosity was an incidence when blood viscosity increased, characterized by the
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increase in Ht or circulating plasma components. In cyanotic CHD patients, this occurred due to prolonged
cyanosis. It was also associated with polycythemia and abnormal hemostasis. Polycythemia was the increase in
Hb and Ht levels, which showed the mass ratio of red blood cells and plasma volume (Vaidyanathan et al., 2008;
Suyasa et al., 2013; Broberg et al., 2006). Secondary erythrocytosis as a physiological response due to chronic
tissue hypoxia occured in cyanotic CHDs. As a result, it stimulated erythropoiesis in the bone marrow. With low
arterial oxygen levels, the bone marrow was stimulated and released erythropoietin in the kidneys. Hence the
increase in red blood cells and eventually increased the red cell mass, hematocrit and blood viscosity (Vehapoglu
et al., 2014; Broberg et al., 2006; Modi et al., 2004; Rose et al., 2007).

The increase in red blood cells was the compensation to allow adequate oxygen transport to the tissues. In
this study, the mean numbers of erythrocytes in cyanotic and acyanotic CHDs wERE 6.8 + 1.5 and 4.7 + 0.8
respectively with p <0.05. Similarly, Binh et al., (2008) reported 6.4 + 1.2 and 4.8 + 0.5 mean erythrocyte numbers
in cyanotic and acyanotic CHDS respectively with p <0.0001. Another parameter assessed in this study was mean
MCV at 78.3 with 12.1 SD and 79.6 with 9.5 SD for cyanotic and acyanotic CHDS respectively. This results,
however, were not significant statistically with p value 0.53. The study by Binh et al., (2018) also reported
insignificant relationship between min —max cyanotic and acyanotic CHDS (82.8 £ 7.2 and 81.3 + 6.7 respectively)
with p value 0.3748 (Binh et al., 2018).

There were many iron deficiency cases reported in cyanotic CHD patients. Iron deficiency anemia and its
effects were assessed in past studies when patients had cyanotic spells, where blood viscosity and erythrocyte
indices were used to asses iron deficiency anemia in cyanotic CHD patients (Binh et al., 2018; Soni et al., 2018;
Broberg et al., 2006). Mukherjee et al., (2018) reported 47.06% prevalence of iron deficiency anemia in cyanotic
CHD (Mukherjee et al., 2018). In a similar study by Binh et al., (2018) to 69 pediatric patients, where 36 children
with cyanotic CHD and 33 children with acyanotic CHD, 11.1% and 3% cyanotic and acyanotic CHD respectively
suffered from iron deficiency. The prevalence rate increased to 77.8% and 87.2% respectively for the risk of
depletion and reduction in total iron in the blood. The researcher concluded that total erythrocytes and the indices
could enforce iron deficiency anemia diagnosis (Binh et al., 2018).

This study used the Mentzer index (MI) value in cyanotic and acyanotic CHD to diagnose the suspicion of
iron deficiency anemia. There were significant differences observed in the MI value > 13, where 20 and 48
cyanotic and acyanotic samples respectively were found significant with p < 0.00. Meanwhile, the mean values
of the Mentzer index of 12+3.9 and 17.2+4.1 in cyanotic and acyanotic CHDs respectively were significant with
p < 0.00. There has yet been a research about the MI value as an early screening tool for iron deficiency anemia
in CHDs. Alam et al., (2014) conducted a diagnostic study by a cross-sectional method to school children in
Palembang using the MI 13.51 cut-off point. The study reported cut-off point >13.51 had 93% sensitivity and
84% specificity (Alam et al., 2014). The study done by Bose and Maimoon (2018) also showed 90% sensitivity
and 85% specificity for the diagnosis of iron deficiency anemia with the MI value > 13 (Bose and Maimoon,
2018). Rodriguez-Hernandez et al., (2018) reported 9% of CHD patients were suffering from anemia. The number
one cause of anemia was due to iron deficiency. Meanwhile, there was a lot of causes contributing to anemia
incidence. The study explained that iron deficiency anemia in CHDs occurred due to acute or chronic blood loss
caused by abnormal homeostasis, vascular bleeding, anticoagulant and antiplatelet drug usage, low food intake,
and decrease in iron absorption due to celiac diseases, or systemic increases. Besides that, low MCV, iron, and
ferritin, as well as high red blood cell distribution have emphasized that iron deficiency played important roles in
the onset of anemia with normocytic erythrocyte in 40% of patients. The cut-off MCV < 95 fL had 97.6%
sensitivity showed that 95% of CHD patients suffered from iron deficiency anemia. Cyanotic and acyanotic CHDs
had 60% prevalence of anemia with low MCV and increase in RDW and polycythemia (Rodriguez-Hernandez et
al., 2018). Another study also showed low MCV and high RDW values in anemia cases in cyanotic and acyanotic
CHD patients. In the study, patients high RDW confirmed, showed increase in interleukin-6 (IL-6) level as
proinflammatory cytokine that could inhibit the maturation of erythropoietin-induced erythrocytes due to the
increase in RDW (Miyamoto et al., 2015). The cause of anemia was usually due to inflammation processes.
Proinflammatory cytokine such as TNF-a, interleukin-6 and interleukin-1 could interfere with erythropoiesis
process such as reducing erythropoietin secretion and decreasing its activity in erythrocyte precursors in the bone
marrow. Proinflammatory cytokine also increased hepcidin levels which could cause impaired iron absorption in
the digestive tract in the duodenum, increased iron uptake in the macrophages, as well as slowed down the release
of iron in the macrophages. With iron trapped in the macrophages, the bioavailability of iron stores to synthesize
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iron was reduced. Peripheral ischemia from anemia caused vasodilation and the decrease in blood pressure. Then
it activated angiotensin-aldosterone system, reduced blood flow to the kidneys and glomerular filtration rate, as
well as increased water and salt absorption. If those continued to occur, it would decrease erythropoietin in the
kidneys, which was used in the erythropoiesis process to increase red blood cell production (Miyamoto et al.,
2015; Beverborg et al., 2018).

The assessment of M1 as an initial screening for iron deficiency anemia in cyanotic and acyanotic CHDs
have not been conducted before. The application of M| > 13 as an early screening of iron deficiency anemia in
CHD required further study, as the population of iron deficiency anemia subjects was different between previous
studies and this research; despite this research showing statistically significant differences. The Mentzer index
formula was MCV value divided by total Eri. which can reduce the validity of calculation due to conditions
affecting MCV and Eri. values. The enforcement of iron deficiency anemia in CHD patients required further
examination to regularly asses iron stores in the body. Therefore, the status of iron deficiency could be detected
early.

5. Conclusion

Mentzer index had significant differences with both cyanotic and acyanotic CHD. However, there is a need
of iron reserves examination to enforce iron deficiency anemia in congenital heart disease.
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