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ABSTRACT

Objective: To evaluate the safety and efficacy of intravenous iron sucrose complex in the treatment of iron deficiency anemia in malnourished children who are unable to tolerate oral iron supplementation or are unresponsive to oral supplementation because of gastrointestinal dysfunction or iron malabsorption.
Design: Prospective interventional study.
Place and Duration of Study: This study was carried out at Department of Paediatrics Combined Military Hospital Quetta over 24 months of period from 1st November 2002 to 31st October 2004.

Patients and Methods:  Each selected patient was given total calculated amount of iron sucrose complex. The iron deficit was calculated by using following formula: Total Iron Deficit (mg) = Body wt (Kg) x (target Hb - Actual Hb) x 0.24 + Depot Iron (mg). Target Hb is 13 G/dl and depot iron is 15 mg/Kg. Iron sucrose complex was diluted in 0.9% Normal saline and was given intravenously over 3-4 hours. To assess the efficacy of Iron sucrose complex serial samples were analyzed for Hemoglobin (HB], Hematocrit (Hct), Red Blood cell indices, Reticulocyte count and serum Ferritin. Total iron deficit was administered over 2 to 3 weeks time.

Results:  A total of 17 malnourished children with weight for age below -2SD, completed intravenous iron sucrose infusion. Tolerance of intravenous iron sucrose was good except in one, who had transient episode of lethargy. Mean Hemoglobin at presentation was 6.6G/dl (Range: 4.9G/dl-8.4G/dl). Six weeks after giving intravenous iron therapy mean Hemoglobin was 10.5 G/dl, with average increase of 3.9G/dl (range 3.0G/dl-5.3G/dl). 

Conclusion: Intravenous iron supplementation with Iron sucrose complex is quite safe and efficient way of replenishing iron body stores and significantly increasing the hemoglobin concentration in malnourished iron deficient children. 
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INTRODUCTION

Half of South Asia's children are malnourished. In Africa, one of every three children is underweight. Malnutrition can take a variety of forms that often appear in combination and contribute to each other, such as protein-energy malnutrition, iron deficiency, iodine deficiency and vitamin A deficiency [1]. Iron deficiency is most prevalent among the three major micronutrient deficiencies in the developing world [2]. It is estimated that approximately 40% of children are anemic across various underdeveloped countries in Asia and Africa [2-4]. Amongst them iron deficiency is the most common and preventable form of anemia. A large number of malnourished children have coexistent iron deficiency [2,3]. 

Iron deficient children are apathetic, listless, irritable, anorexic and have perversion of appetite and taste (pica), thus further augmenting malnutrition and its associated problems. Several studies have shown that malnutrition and iron deficiency anemia are associated with poor developmental attainment in young children and poor school achievement or intelligence  levels in older children [5-11].  It is therefore imperative that malnutrition and iron deficiency anemia should be diagnosed early and treated promptly. As iron absorption is adequate in healthy and most of the malnourished iron -depleted children, oral iron supplementation is the treatment of choice in iron deficiency anemia. Oral iron therapy is well tolerated in most of the children. However in some children compliance is poor or oral iron is poorly tolerated as they develop GI disturbance such as diarrhea, constipation, nausea or vomiting. Some children are unresponsive to oral iron therapy because of gastrointestinal dysfunction. As blood transfusion carries some hazards, purpose of this study was to find safety and efficacy of parenteral iron sucrose therapy in noncompliant and intolerant malnourished children.

PATIENTS and Methods

This study was carried out at Department of Paediatrics Combined Military Hospital Quetta over 24 months of period from 1st November 2002 to 31st October 2004.

Children having iron deficiency anemia and weight for age below -2SD for reference median value , attending out patient department, with blood Hemoglobin <9G/dl between 6 months to 12 years of age were included in this study. Diagnosis of Iron deficiency anemia was confirmed by studying Hemoglobin, Red cell indices (MCV, MCHC, MCH), serum iron, TIBC and/or serum Ferritin. All malnourished children included in this study were treated for malnutrition according to WHO guidelines. Children who were unable to tolerate oral iron supplementation or unresponsive to oral supplementation because of gastrointestinal dysfunction or those who were non-compliant to oral iron were given parenteral iron. 

Following patients were excluded:
· All cases of anemia other than iron deficiency anemia.
· Patients with liver diseases, cardiac diseases, acute infections, and hemosiderosis.
· Patients with contraindications to parenteral iron therapy such as Rheumatoid Arthritis, allergic disorders, history of anaphylaxis and allergy to iron.
· Patients with severe anemia (Hemoglobin <4g/dl) or with clinical features of decompensated heart disease.

A printed questionnaire was given to parents which included detailed medical history especially nutritional history. After thorough physical examination, a battery of tests was carried out in all patients included in the study such as, complete blood count including red cell indices (MCV, MCHC, MCH) red cell morphology and reticulocyte count, urine and stool Routine Examination, occult blood test, serum Ferritin and/or total iron /TIBC.

The iron deficit was calculated by using following formula [16].
Total Iron Deficit (mg) = Body wt (Kg) x (target Hb - Actual Hb) x 0.24 + Depot Iron (mg).
Up to 35 kg body weight, Target Hb 13G/dl.
Depot Iron 15 mg/kg body wt.
Above 35 kg body weight, Target Hb 15 mg/dl.
Depot Iron 500 mg. 
Total amount of Iron Sucrose Injection to be administered (ml) = Total Iron deficit divided by 20 mg. (manufacturer’s recommendation) 

Sensitivity Test
Before administration of first therapeutic dose of Iron sucrose injection in a new patient, a test dose 1ml (20mg) in children<14 Kg body Weight and 1.5ml in children >14 Kg body weight was given slow IV after dilution in 0.9% Normal Saline.  Patients were monitored for any signs of intolerance such as anaphylactic reaction or hypotension. Facilities for cardiopulmonary resuscitation were made available. When there was no reaction, maximum of 0.35ml/kg body weight of Injection Iron Sucrose diluted in 0.9% Normal Saline was infused over a period of 3-4 hours once weekly. Patients were observed for any adverse reaction. Total iron sucrose dose was completed in 2 to 3 weeks time. 

These patients were followed up and evaluated at 3 weeks and 6 weeks by clinical assessment and laboratory evaluation of Hb, Red cell indices. Serum Ferritin was evaluated at 6 weeks interval.

STATISTICAL ANALYSIS

Data had been analyzed using SPSS ver-10.0. mean + SD and percentages were used to describe the data. Paired sample t-test was used to check the significance decrease of the change occurred in study variables and P-value < 0.05 was considered significant.

RESULTS

A total of 19 children having iron deficiency anemia and weight for age below -2 SD for reference median value, were recruited in the study. Out of these, 17 patients had complete follow up.  Mean age was 22 months (range 09 months to 36 months); male female ratio was 1: 0.6. Age distribution of patients included in the study was as follows: All of our patients were under 3 year of age. Out of them 4 children (23.5%) were under one year of age, while 8(47.06%) were between 1-2 year of age. Five children (29.4%) were in age group of 2-3 years. Majority of children 13(76.5%) were bottle fed (formula/fresh milk). Delayed or inappropriate weaning was found in 11(64.70%) children. Iron deficiency anemia of varying severity was detected incidentally in 4(23.5%) patients. Five patients (29.4%) presented with pica and pallor while 2 patients (11.8%) had breath-holding spells along with iron deficiency anemia.

Mean Hemoglobin at presentation was 6.6G/dl (Range: 4.9G/dl-8.4G/dl), Mean Hematocrit was 25.5 (range 21.7-33.4), Mean corpuscular volume (MCV) was 51.35 (range 46.7-66.8), Mean MCH 16.5 (range 12.3-20.4), Mean MCHC 25.6 (range 21.9- 33.8) and mean serum ferritin was 4.23 ng/ml.

Three weeks after completing parenteral iron therapy, mean Hemoglobin increased to 8.7G/dl, while six weeks after giving intravenous iron therapy mean Hemoglobin was 10.5 G/dl, with average increase of 3.9G/dl (range 3.0G/dl-5.3G/dl) which is statistically significant (P-value < 0.05) and mean serum Ferritin increased to 20.61 ng/ml (table).
Adverse effects observed were post infusion transient lethargy observed in one patient, which lasted for few hours and improved without any treatment. 

DISCUSSION
Iron deficiency anemia is one of the commonest micronutrient deficiencies observed in malnourished children. Between 40 and 50 per cent of children under five in developing countries and over 50 per cent of pregnant women are iron deficient [2-4]. Iron deficiency not only leads to impairment of physical and mental development but also has long term effects on cognition and behavior of children [9,10]. Therefore it is imperative that iron deficiency anemia should be treated promptly and effectively, more so in malnourished children.

Oral iron is very well absorbed in iron deficient malnourished children, therefore oral iron therapy is the treatment of choice in iron deficient children. However some children particularly malnourished may be intolerant, non-complaint or non-responsive to oral iron therapy. As blood transfusion carries some hazards, parenteral iron therapy was assessed for its safety as well as efficacy in malnourished iron deficient children.

Parenteral iron, particularly Iron sucrose complex has been widely used in pregnant women with excellent safety and efficacy record. There had been quite few studies of efficacy and safety of parenteral iron in children. Iron sucrose complex was used in this study because anaphylaxis is very rare because of its small molecular weight. Unlike many other parenteral iron preparations, iron sucrose complex is taken up mainly by reticuloendothelial system and it is unlikely that it would be taken up by the parenchymal cells of liver, kidney, adrenal gland and other organs. Hence organic toxicity (such as pancreatic, myocardial or hepatic hemosiderosis) is less likely even with iron sucrose complex overload [12]. Intramuscular iron therapy has its own side effects such as pain, irregular absorption, staining and malignancy [13]. 

There have been quite few studies of Intravenous iron therapy in children [14-19]. Iron polymaltose complex has been used in combination with Erythropoietin (EPO) in very low birth weight infants [14]. Berniere J and colleagues used Iron Sucrose Complex in treatment of post operative anemia in surgery of spine in infants and adolescents and compared it with oral iron fumarate [15]. In another study intravenous iron saccharate was used in iron deficient anemic children, who were under long term parenteral nutrition and were intolerant / unresponsive to oral iron [16]. 
We carried out this study in malnourished children who were having iron deficiency anemia and were intolerant, non-compliant or unresponsive to oral iron therapy. All of these patients were treated for malnutrition according to WHO guidelines. Majority of patients inducted in this study were under two years of age, mean age being one year and ten months. This shows that highest incidence of iron deficiency anemia is among children between 09-24 months of age. Intravenous iron led to significant increase in hemoglobin concentration of 3.9G/dl (range 3.0-5.3G/dl) which is comparable with other studies. Michaud and colleagues using intravenous iron saccharate, demonstrated rise in hemoglobin concentration of 2.2 G/dl within 45 days (range 0.4-4.3G/dl) in iron deficient anemic children and adolescents receiving long term parenteral nutrition [15]. In another study by   Berniere and colleagues intravenous ferric sucrose complex led to hemoglobin increase of 0.36 G/day [16]. Intravenous iron sucrose complex had been quite well tolerated with infrequent and self-limited side effects. The side effects of iron sucrose complex can be reduced by dividing the total dose into smaller doses and slow intravenous infusion.

Our study clearly illustrates that intravenous iron sucrose complex is safe and effective way of replenishing iron body stores and significantly increasing the hemoglobin concentration in malnourished children with iron deficiency anemia who are intolerant, noncompliant and /or unresponsive to oral iron therapy. Few of our patients had coexistent problems such as Pica and breathe holding spells (cyanotic) along with iron deficiency anemia. All of them showed significant improvement in their symptoms following iron therapy. It would be difficult to deduct any clear inference, as the number of patients was quite small. 
Although the number of patients included in this study was not large, Iron sucrose complex therapy appears to be highly and rapidly effective without major side effects. This makes it convenient and cost effective in iron deficient children who are non-compliant or unresponsive to oral iron. Use of parenteral iron in selected iron deficient children would obviate many blood transfusions hazards. 

It should be emphasized that iron deficiency even without anemia should be prevented before its development. In other words, to treat patients when they become anemic is too late.
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Table:	Haematological Parameters.





�
Basal�
6 Weeks after �
�
Hb g/dl�
6.65 + 0.65�
10.53 + 1.17�
�
Hct�
25.54+1.67�
32.84 + 2.63�
�
MCV�
51.35 + 3.69�
82.49 + 3.54�
�
MCH�
16.53 + 1.99�
25.86 + 4.83�
�
Serum Ferritin�
4.23 + 2.37�
20.61 + 3.95�
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