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Abstract

Introduction: Iron deficiency is associated with worse outcomes in children and adults with
systolic heart failure. While oral iron replacement has been shown to be ineffective in adults
with heart failure, its efficacy in children with heart failure is unknown. We hypothesised that
oral iron would be ineffective in replenishing iron stores in >50% of children with heart failure.
Methods: We performed a single-centre retrospective cohort study of patients aged <21 years
with systolic heart failure and iron deficiency who received oral iron between 01/2013 and
04/2019. Iron deficiency was defined as >2 of the following: serum iron <50 mcg/dL, serum
ferritin <20 ng/mL, transferrin >300 ng/mL, transferrin saturation <15%. Iron studies and hae-
matologic indices pre- and post-iron therapy were compared using paired-samples Wilcoxon
test. Results: Fifty-one children with systolic heart failure and iron deficiency (median age
11 years, 49% female) met inclusion criteria. Heart failure aetiologies included cardiomyopathy
(51%), congenital heart disease (37%), and history of heart transplantation with graft dysfunc-
tion (12%). Median dose of oral iron therapy was 2.9 mg/kg/day of elemental iron, prescribed
for a median duration of 96 days. Follow-up iron testing was available for 20 patients, of whom
55% (11/20) remained iron deficient despite oral iron therapy. Conclusions: This is the first
report on the efficacy of oral iron therapy in children with heart failure. Over half of the children
with heart failure did not respond to oral iron and remained iron deficient.

Iron deficiency is the most common paediatric nutritional deficiency in the United States, found
in 7-15% of children, and is even more common in children with chronic diseases like chronic
kidney disease, inflammatory bowel disease, and heart failure .'~> Over 50% of children with
heart failure are iron deficient, and iron deficiency is associated with increased hospitalisation
burden and worse echocardiographic features in this population.®” In both children and
adults with heart failure, iron deficiency is also independently associated with higher risk of
ventricular assist device implantation, heart transplant, or death®-8, regardless of the presence
of anaemia.

In adults with heart failure, oral iron replacement therapy is ineffective in replacing iron
stores. In the Iron Repletion Effects on Oxygen Uptake in Heart Failure - IRONOUT-HF trial,
oral iron therapy was efficacious in only 24% of participants. Oral iron therapy was also not
effective in improving important patient-centred outcomes including the 6-minute walk test
and health-related quality of life.” In contrast, intravenous iron replacement therapy is effective
in replenishing iron stores, reducing hospitalisation, and improving exercise performance and
quality of life in adult heart failure patients.>!%!! In children with iron deficiency, oral iron
replacement therapy remains the recommended first-line therapy. There are no specific recom-
mendations for the treatment of iron deficiency in children with heart failure and no published
reports on the efficacy of oral iron replacement therapy in children with systolic heart failure.

We performed a single-centre retrospective review of all patients aged <21 years with systolic
heart failure and iron deficiency who received treatment doses of oral iron replacement
therapy (in the form of ferrous sulphate or gluconate) from 1 January 2013 to 30 April
2019. The study was approved by the Baylor College of Medicine Institutional Review
Board. Systolic heart failure was defined as depressed systolic function on echocardiography
(ejection fraction less than 50% if measured or qualitatively mildly depressed or worse systolic
function). Iron deficiency was defined per our previously published criteria as the presence of
>2 of the following four criteria on iron panel testing: serum iron <50 mcg/dL, serum ferritin
<20 ng/mL, transferrin >300 ng/mL, transferrin saturation <15%.%!> Anaemia was defined
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per the sex- and age-based criteria issued by the World Health
Organization .!*> Microcytosis was defined per the age-based cri-
teria published by the World Health Organization.!* Anaemia,
microcytosis, and/or haemoglobin levels were not considered
in the diagnosis of iron deficiency or the prescription of iron
replacement therapy. Patients who received any intravenous iron
replacement therapy before or during the oral iron course (that
would reflect in follow-up testing) were excluded from the effi-
cacy analysis. Per our institutional protocol, patients may be
screened for iron deficiency multiple times over the course of
their care; however, only the first occurrence of iron deficiency
and iron replacement therapy were considered for this analysis.
Patients on ventricular assist device support at time of oral iron
therapy were excluded from this study.

The primary outcome was the efficacy of oral iron replacement
therapy, defined as resolution of iron deficiency on follow-up
serum iron testing. Resolution of iron deficiency was defined as
normalisation of three or more of the four criteria for iron defi-
ciency. Demographic features and clinical characteristics of the
entire cohort were described to illustrate haematologic features
of iron deficiency in paediatric heart failure as well as the prescrib-
ing practice of iron replacement therapy for the study cohort.
Clinical features included aetiology of heart failure, cyanotic heart
disease or cyanotic physiology at baseline, serum B-type natriuretic
peptide level at time of diagnosis of iron deficiency, presence of
cyanosis at time of diagnosis, chronic nature of heart failure,
Ross Classification of Pediatric Heart Failure (Class I to IV),"
whether patient was chronically admitted for management of heart
failure (as compared to being managed as an outpatient), need for
inotropic support for management of heart failure (e.g. long-term
milrinone therapy), and mechanical ventilation. Nutritional status
was represented as completely enteral nutrition (compared to need
for parenteral nutrition) and category of body mass index for age
and height (underweight, normal weight, and overweight or obese
per the growth chart of the Centers for Disease Control and
Prevention).!® The type of iron replacement therapy as well daily
doing of elemental iron per unit body weight and duration of
therapy were assessed. The volume of transfusion received after
initial diagnosis of iron deficiency till follow-up testing or in the
3 months after initial diagnosis (whatever was later) was recorded
in mL from the electronic blood product administration record.
Haematologic parameters, including presence/absence of microcy-
tosis or elevated red cell distribution width as well as burden of
anaemia, were analysed prior to and after therapy, in addition
to the serum iron studies, to assess haematologic response to iron
replacement therapy. The baseline demographic, clinical, and hae-
matologic parameters as well as serum iron studies were also com-
pared between responders and non-responders to evaluate for
possible predictors of successful response to oral iron therapy.

Statistical analysis was conducted using SPSS 22.0 (IBM
Corporation, Armonk, NY), with descriptive statistics including
frequencies and proportions or medians and interquartile ranges
for categorical and continuous variables, respectively. Univariate
analysis was performed using chi-square test or paired-samples
Wilcoxon signed-rank test for categorical and continuous varia-
bles, respectively. We performed a secondary analysis to identify
predictors of response to oral iron replacement therapy.
Statistical significance was defined at p < 0.05.
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Fifty-one unique children with systolic heart failure and iron defi-
ciency were treated with oral iron replacement therapy during the
study period and met inclusion criteria for the analysis. Baseline
clinical features as well as serum iron and haematologic parameters
are shown in Table 1. The median age of the cohort was 11.1 years,
49% were female, and 37% were non-Hispanic White. A majority
of the patients had cardiomyopathy as the underlying aetiology of
their heart failure (51%), and 90% had chronic heart failure. A
majority of the patients had Ross Classes I to IIT heart failure, with
Class I comprising 45% of the cohort. Just over 1/4th of the cohort
was inpatient or on inotropic support, and no patients were
mechanically ventilated. About 1/3rd of the cohort was under-
weight. Only 16% of the patients had cyanosis at baseline.

The baseline haematologic characteristics are shown in Table 1.
Only 57% of the patients were anaemic, only 13% had microcyto-
sis, and 53% had elevated red cell distribution width. Nine patients
received red blood cell transfusions (9/52, 17%) with volumes
ranging from 4.7 mL/kg to 60.5 mL/kg. Table 1 also depicts the
median baseline values of the iron studies and the characteristics
of iron replacement therapy. Oral ferrous sulphate was the most
commonly used formulation of oral iron replacement (96%).
Median duration of oral iron replacement therapy was 96 days
(Interquartile range 44-202 days) and median daily dose of
elemental iron per kg was 2.9 mg/kg/day (interquartile range
2.1-3.8 mg/kg/day). Fifty-seven per cent of these courses were
taken for a minimum of 90 days. Seven patients also got intra-
venous iron therapy with ferric carboxymaltose concomitant with
the start of oral iron therapy and were excluded from the efficacy
analysis.

Twenty-four patients had follow-up serum iron testing avail-
able; however, 4 of those were after intravenous iron doses in addi-
tion to oral iron. The remaining 20 patients were included in the
efficacy analysis. The range of duration of oral iron therapy prior to
follow-up testing for the patients included in the efficacy analysis
was 35 days to 562 days. The comparison of serum iron studies and
haematologic parameters pre- and post-oral iron replacement
therapy is shown in Table 2. Fifty-five per cent (12/22) of the
patients remained iron deficient after iron replacement therapy.
Increments in serum iron, serum ferritin, and transferrin satura-
tion occurred, yet the change in transferrin saturation was not
enough to overcome the threshold for iron deficiency.
Transferrin levels did not improve significantly.

In terms of the haematologic features, there was no significant
change in the haemoglobin or in the proportion of patients with
anaemia pre- and post-oral iron replacement therapy. Four of
the eight patients who were anaemic pre-therapy remained anae-
mic, and three new patients became anaemic despite being on iron
replacement therapy. There was also no change in the mean cor-
puscular volume, proportion of patients with microcytosis, or red
cell distribution width pre- and post-oral iron replacement
therapy.

In a post hoc analysis using a modified definition of response to
iron therapy, with response defined as an increase in haemoglobin
by 1 g/dL, only seven of the patients in our cohort would have met
the criteria for response with the majority (12/19, 63%) remaining
non-responders. With regard to the efficacy of intravenous iron
therapy, out of the seven recipients, four had follow-up iron testing,
all of whom had successful treatment of iron deficiency.

Table 3 shows the comparison of clinical characteristics
between responders and non-responders to oral iron therapy.
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Table 1. Demographic and clinical characteristics of study cohort

Parameter Overall, n=51
Age in years, median (Interquartile range) 11.1 (4.2-15.5)
Female sex, n (%) 25 (49)

Race/ethnicity, n (%)

Non-Hispanic White 19 (37)
Hispanic 16 (31)
Non-Hispanic Black 13 (26)
Other 3 (6)

Underlying diagnosis, n (%)

Cardiomyopathy 26 (51)
Congenital Heart Disease 19 (37)
History of heart transplantation with systolic graft dysfunction 6 (12)

Clinical characteristics and severity of heart failure

Cyanosis, n (%) 8 (16)
Chronic heart failure, n (%) 46 (90)
B-type Natriuretic Peptide at time of diagnosis of iron deficiency, median (Interquartile range) 537 (89-2278)

Ross classification of heart failure, n (%)

Class | 23 (45)
Class Il 11 (22)
Class Il 14 (28)
Class IV 3 (6)
Inpatient status, n (%) 14 (28)
Inotropic support, n (%) 13 (26)
Mechanical ventilation, n (%) 0 (0)

Nutritional status at time of diagnosis of liron deficiency, n (%)

Underweight 16 (31)
Normal body mass index 30 (59)
Obese 5(10)
Enteral nutrition, n (%) 49 (96)

Characteristics of iron therapy

Median dose of elemental iron (mg/kg/day) 2.9 (2.1-3.8)

Type of iron replacement therapy, n (%)

Ferrous sulphate 49 (96)

Ferrous gluconate 2 (4)

Additional intravenous ferric carboxymaltose 7 (14)
Duration of iron replacement therapy in days, median (Interquartile range) 96 (44-202)

6 weeks of therapy completed, n (%) 39 (77)

12 weeks of therapy completed, n (%) 29 (57)

Transfusion burden

Patients receiving red blood cell transfusions, n (%) 9 (17)

Volume of red blood cell transfusion in mL/kg, median (Interquartile range) 0 (0-0), range 4.7-60.5 mL/kg among those transfused

Baseline serum iron indices

Iron in mcg/dL, median (Interquartile range) 38 (27-47)

Ferritin in ng/mL, median (Interquartile range) 24 (12-51)

(Continued)
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Table 1. (Continued)
Parameter Overall, n=51
Transferrin in mg/dL, median (Interquartile range) 306 (247-354)
Transferrin saturation in %, median (Interquartile range) 9 (6-12)
Baseline haematologic indices Overall, n=49
Haemoglobin in g/dL, median (Interquartile range) 10.8 (9.7-12.7)
Anaemia for age, n (%) 29 (57)
Microcytosis, n (%) 13 (27)
Mean corpuscular volume in fL, median (Interquartile range) 81 (75-88)
Elevated red blood cell distribution width, n (%) 26 (53)
Red blood cell distribution width in %, median (Interquartile range) 15.5 (13.7-17.7)
Post-iron therapy testing
Follow-up serum iron testing available, n (%) 24 (47)
Time to post-testing in days, median (Interquartile range) 113 (76-180)
Follow-up haematologic testing available, n (%) 38 (75)
Table 2. Comparison of serum iron studies and haematologic indices pre- and post-oral iron replacement therapy
Parameter Pre-IRT Post-IRT p-value®
Pre- and post-iron replacement therapy iron indices available, n =20
Iron deficiency, n (%) 20 (100) 11 (55) N/A
Iron in mcg/dL, median (Interquartile range) 40 (29-54) 59 (40-93) 0.007
Ferritin in ng/mL, median (Interquartile range) 17 (10-69) 51 (12-108) 0.024
Transferrin in mg/dL, median (Interquartile range) 320 (265-363) 288 (257-346) 0.287
Transferrin saturation in %, median (Interquartile range) 10 (6-12) 15 (9-26) 0.011
Pre- and post-iron replacement therapy haematologic indices available, n =19
Haemoglobin in g/dL, median (Interquartile range) 12 (10-13) 13 (11-14) 0.587
Anaemia, n (%)@ 8 (42) 7 (37) 0.377
Microcytosis, n (%) 6 (32) 5 (26) 0.262
Mean corpuscular volume in pL, median (Interquartile range) 81 (73-84) 81 (73-89) 0.334
Elevated red blood cell distribution width, n (%) 9 (47) 10 (53) 0.637
Red blood cenll distribution width in %, median (Interquartile range) 15 (14-18) 15 (14-20) 0.632

*Paired-samples Wilcoxon test, boldface values indicate statistical significance with p-value <0.05.
@Four of the eight patients anaemic pre-IRT remained anaemic; three new patients became anaemic despite being on IRT.

Among the 9 responders and 12 non-responders, there were no
statistically significant demographic or clinical differences. There
was no difference between the responders and non-responders
in terms of the proportion of patients with chronic heart failure
or higher Ross Class of heart failure, median baseline B-type
natriuretic peptide, or proportion of patients receiving inotropic
support or inpatient heart failure management. There was also
no significant difference in the baseline nutritional status or enteral
feeding abilities between the groups. There was no association
between the median daily doses of the oral iron therapy or the
duration of therapy with response to oral iron therapy. The serum
iron parameters of the “non-responders” tended to be more defi-
cient than the “responders” with median serum iron of 38 mcg/dL
versus 47 mcg/dL; median serum ferritin of 14 ng/mL versus

https://doi.org/10.1017/5S1047951121004066 Published online by Cambridge University Press

20 ng/mL; median transferrin of 325 mg/dL versus 315 mg/dL;
and median transferrin saturation of 8% versus 11%; however,
none were statistically significant and all p > 0.2.

This is the first study to describe the efficacy of oral iron replace-
ment therapy in children with systolic heart failure and iron defi-
ciency. In a limited cohort, we found that oral iron replacement
therapy was effective in less than half of the patients, with 55%
of the patients remaining severely iron deficient. We also found
that anaemia and microcytosis had poor sensitivity to detect iron
deficiency, supporting the need to assess serum iron parameters to
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Table 3. Comparison of demographic and clinical characteristics of responders and non-responders to oral iron replacement therapy

K. Puri et al.

Characteristic Responder, n=9 Non-responder, n =11 p-value
Age in years, median (Interquartile range) 12 (6-15) 14 (10-16) 0.412
Female sex, n (%) 7 (78) 4 (36) 0.092
Race/ethnicity, n (%)
Non-Hispanic White 3(33) 4 (36) 0.729
Hispanic 3(33) 4 (36)
Non-Hispanic Black 2 (22) 3(27)
Other 1(12) 0 (0)
Clinical characteristics and severity of heart failure
Underlying diagnosis, n (%)
Cardiomyopathy 6 (67) 6 (55) 0.845
Congenital heart disease 2 (22) 3(27)
History of heart transplantation with systolic graft dysfunction 1(11) 2 (18)
Cyanosis, n (%) 2 (22) 1(9) 0.566
Chronic heart failure, n (%) 8 (88) 11 (100) 0.450
B-type Natriuretic Peptide at diagnosis of iron deficiency, median (Interquartile range) 626 (12-2278) 261 (104-1045) 0.840
Ross classification of heart failure, n (%)
Class | 5 (56) 3(27) 0.179
Class Il 0 (0) 3(27)
Class Il 4 (44) 5 (46)
Class IV 0 (0) 0(0)
Inpatient status, n (%) 1(11) 1(9) 1.000
Inotropic support, n (%) 1(11) 1(9) 1.000
Mechanical ventilation, n (%) 0 (0) 0 (0) NA
Nutritional status at time of diagnosis of iron deficiency, n (%)
Underweight 3(33) 2 (18) 0.220
Normal body mass index 6 (67) 6 (55)
Obese 0 (0) 3(27)
Enteral nutrition, n (%) 9 (100) 11 (100) NA
Characteristics of iron therapy
Daily dose of elemental iron in mg/kg/day, median (Interquartile range) 2.4 (1.4-3.1) 2.3 (1.1-3.8) 1.000
Duration of therapy in days, median (Interquartile range) 157 (99-265) 110 (68-175) 0.175
12 weeks of therapy completed, n (%) 7 (78) 8 (73) 1.000
Transfusion volume in mL/kg* NA (4.7, 10) NA (60.5) 0.882
Baseline serum iron indices
Iron in mcg/dL, median (Interquartile range) 47 (37-60) 38 (21-46) 0.261
Ferritin in ng/mL, median (Interquartile range) 20 (10-157) 14 (10-26) 0.656
Transferrin in mg/dL, median (Interquartile range) 315 (271-346) 325 (247-388) 0.796
Transferrin saturation in %, median (Interquartile range) 11 (8-12) 8 (6-12) 0.456
Baseline haematologic indices
Haemoglobin in g/dL, median (Interquartile range) 12 (11-14) 11 (9-13) 0.278
Anaemia, n (%) 2 (22) 6 (55) 0.170
Microcytosis, n (%) 1(11) 5 (46) 0.141
Mean corpuscular volume in pL, median (Interquartile range) 81 (80-87) 78 (72-85) 0.315
(Continued)
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Table 3. (Continued)
Characteristic Responder, n=9 Non-responder, n =11 p-value
Elevated red blood cell distribution width, n (%) 5 (56) 5 (46) 1.000
Red blood cell distribution width in %, median (Interquartile range) 17 (14-17) 15 (14-19) 0.661

*Two patients transfused among the responders (4.7 mL/kg and 10 mL/kg) and one patient transfused among the non-responders (60.5 mL/kg).

assess for iron deficiency in addition to a haemogram, particularly
in this patient population.

In view of the established association of iron deficiency with
worse clinical outcomes including exercise intolerance, hospitalisa-
tion burden, and mortality, as well as the positive impact of effec-
tive iron replacement therapy on these outcomes, treatment of iron
deficiency is now standard of care for patients with systolic heart
failure. 81011718 Ora] iron replacement therapy, however, has
demonstrated disappointing performance in studies including
adults with heart failure. The largest trial of high-dose oral iron
therapy in adults with iron deficiency and systolic heart failure,
the IRONOUT-HF study, showed no significant improvement
in functional outcomes or health-related quality of life. Further,
similar to our study, the IRONOUT-HF study demonstrated a sta-
tistically significant yet clinically inadequate improvement in
serum iron and transferrin saturation levels after 16 weeks of
high-dose oral iron replacement therapy.” Our study findings
showed a slight improvement in serum iron parameters over
6 weeks of therapy, but the patients remained overall iron
deficient. It is possible that higher daily doses or longer courses
of therapy may replenish iron stores in our patients. However,
the IRONOUT-HF study demonstrated that high-dose oral iron
therapy was not effective in treating iron deficiency. This indicated
that longer and higher dose oral iron replacement therapy may not
necessarily improve efficacy of oral iron therapy or address the tis-
sue-level iron deficiency driving outcomes in heart failure
patients.” Furthermore, high-dose oral iron therapy also has worse
gastrointestinal side-effects and may limit compliance. Further,
while the outcomes of a child with heart failure vary based on
the cause of heart failure, the overall ICU mortality rate after an
admission for acute decompensated heart failure is significant at
nearly 15%. The 1-year transplant-free survival ranges from
50-75% in children with dilated cardiomyopathy.2*-212223
Congenital heart disease is a growing cause of paediatric heart fail-
ure and is associated with worse hospital mortality in paediatric
heart failure admissions.”* Hence, when aiming to successfully
treat iron deficiency in children with heart failure, there is less abil-
ity to trial prolonged treatment courses and await response due to
the risk of the patient continuing to worsen and progress in the
interim.

It is important to note that we defined iron deficiency as the
presence of two or more abnormal serum iron indices among iron,
ferritin, transferrin, and transferrin saturation. While there are no
established criteria for children with heart failure, we followed the
same criteria which we have previously utilised in studies on iron
deficiency in this population from our group.®!? These criteria
diagnosed iron deficiency in 56% of the children with systolic heart
failure at our centre over a 5-year period, and iron deficiency diag-
nosed based on these criteria was associated with greater risk of
ventricular assist device, heart transplant, or death.® Prior studies
in adults with heart failure have utilised less stringent criteria of
serum ferritin <100 ng/mL (as heart failure is presumed to be
an inflammatory state) or transferrin saturation <20% (in the
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presence of ferritin from 100 to 299 ng/mL).8-111718 These were
also criteria that were used to diagnose iron deficiency which
was found to be associated with worse clinical outcomes. For chil-
dren with chronic kidney disease, iron deficiency is defined as ferri-
tin <100 ng/mL or transferrin saturation <20%, and these are used
as cut-offs for treatment.'? Potentially, we may be underestimating
the efficacy of oral iron therapy in more mild forms of iron defi-
ciency. However, in the absence of reccommendations for treatment
of iron deficiency in children with heart failure, we chose to follow
consistent criteria that we have previously demonstrated.® These
criteria were sufficiently sensitive to diagnose iron deficiency in
over half of our cohort child with systolic heart failure, and these
criteria were clinically relevant in that iron deficiency defined by
these criteria predicted significantly worse outcomes.®

The underlying mechanism and impact of iron deficiency in
heart failure patients is multifactorial and not limited to the hae-
matopoietic role of iron.#*>? Iron is a part of the iron-sulphur
complexes in mitochondria and plays a critical role in normal cyto-
chrome functioning. Hence iron deficiency, which manifests in the
tissue prior to the onset of anaemia, leads to detrimental impacts
on oxidative phosphorylation and aerobic metabolism in a vulner-
able patient with pre-existing heart failure. In vitro studies in car-
diac myocytes as well as in vivo studies in adults with heart failure
have shown decreased contractility and lower ATP regeneration in
iron-deficient state, which is improved to near-normal after effec-
tive iron replacement.?>2

The poor performance of oral iron replacement therapy in
adults with heart failure is in stark contrast to studies on intra-
venous iron replacement, which have shown improvements in
clinical measures ranging from severity of heart failure based on
the New York Heart Association classification, readmission bur-
den, quality of life, and 6-minute walk test, starting as early as
4weeks after commencing treatment>!*!:!¥  Hence, the
American College of Cardiology and the American Heart
Association have a Class IIB recommendation for treatment of iron
deficiency in adults with heart failure using intravenous iron for-
mulations.” Currently, there are no such guidelines for children
with heart failure. In the field of paediatrics, a 3-month course
of oral iron replacement therapy is still the recommended first-line
treatment for iron deficiency to completely replenish the body’s
iron stores.!”?® However, our study demonstrates that children with
systolic heart failure have a poor response to oral iron replacement,
with >50% remaining severely iron deficient at the end of therapy.
Since response to oral iron replacement is typically most rapid at
the onset of therapy, therefore, when monitoring for response, we
expect to see an improvement to less severe iron deficiency by the
4- to 6-week mark."?® The median duration of therapy was more
than 90 days for both the responders and the non-responders, so
we would expect to see an improvement by the end of therapy for
these patients. In our patients, although some of the serum iron
parameters improved, it was not enough to improve their iron defi-
ciency adequately. The possible reasons for this may be multiple in
children with heart failure. They may have gut mucosal oedema
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and dysfunction which may limit absorption. Additionally, these
patients may have elevated levels of the iron regulatory hormone
hepcidin (in the setting of chronic inflammatory state of heart fail-
ure) which may also limit absorption.?” While we had follow-up
testing in only four of the seven patients who received concomitant
intravenous iron therapy, iron deficiency was effectively treated in
all four of these patients. Greater efficacy of intravenous iron
therapy would lend credence to the theory of poor absorption.
These challenges limiting the efficacy of oral iron have also previ-
ously been demonstrated in children with chronic kidney disease
and inflammatory bowel disease.*” Finally, due to the retrospec-
tive nature of this study, we did not have information about com-
pliance to therapy in our study cohort. Due to the gastrointestinal
side effect profile, oral iron therapy is unfortunately at risk for poor
compliance, especially in children who are already on multiple
medications due to their underlying chronic disease (heart failure,
chronic kidney disease, or inflammatory bowel disease). !
Hence, we do believe that our study reflects the “real-world” effi-
cacy of oral iron therapy in children with heart failure and iron
deficiency (in the patients for whom follow-up iron-testing was
available).

Our current report adds to the body of literature supporting
that haematologic features including anaemia, microcytosis, or
elevated red cell distribution width are not sensitive indicators
for iron deficiency in children with heart failure.>!? In fact, micro-
cytosis had a sensitivity of only 27% to diagnose iron deficiency in
our current study and was sensitive to detect iron deficiency in only
42% of patients in our previously published report.® Waiting till
these children manifest anaemia may lead to further worsening
of iron deficiency and worse clinical outcomes.

Finally, our study also draws attention to the room for improve-
ment in the practice of prescribing iron replacement therapy and
monitoring its efficacy for children with heart failure, to maximise
chances of success in the “responders” and ensure timely referral
for intravenous iron treatment for “non-responders”. Increasing
awareness about the recommended doses and duration of oral iron
replacement therapy as well as the need for follow-up serum iron
panel testing to assess for response or persistent iron deficiency will
help improve our performance in these domains. For instance, as
an institution, based on these data, we have formalised an iron defi-
ciency screening and treatment protocol for children with systolic
heart failure with ready dosing references and follow-up testing
prompts.

Our study is limited by its retrospective, single-centre nature,
and the small sample size. Further, follow-up iron testing was
not available in a majority of patients. However, this also suggests
a need to improve the practices of follow-up testing after initiation
of iron replacement therapy and may be the target of quality
improvement initiatives. There are no established cut-offs for
treatment of iron deficiency in children with heart failure, hence
we utilised criteria that we had previously demonstrated to be asso-
ciated with worse clinical outcomes. However, future studies to
establish diagnostic criteria and therapeutic guidelines in this pop-
ulation would be important. Additionally, patients with cyanosis
have higher iron needs to support their compensatory polycythae-
mia and hence may need a lower threshold for iron deficiency
treatment — however, defining this is beyond the scope of this
study. We did not have 6-minute walk testing available at appro-
priate time-points (for older patients) to potentially study the func-
tional improvement after oral iron replacement therapy. Larger
prospective studies with uniform dosing and follow-up testing
protocols and functional outcome assessments are needed to
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determine the optimal regimen of iron replacement therapy in
children with systolic heart failure, as well as identify the “high-
risk/non-responder” cohort that may benefit from early resort to
intravenous iron replacement therapy.

We present the first data on efficacy of oral iron therapy in children
with systolic heart failure. Over half of the patients with systolic
heart failure and iron deficiency with available follow-up iron stud-
ies had an ineffective response to oral iron replacement therapy.
Hence our study findings raise concern that oral iron may be inef-
fective in repletion of iron stores in child with heart failure. Due to
the low sensitivity of haematologic parameters for diagnosing iron
deficiency, serum iron testing at regular intervals may be needed to
make the diagnosis as well as monitor for treatment efficacy.
Routine follow-up testing may also help identify patients who need
escalation to intravenous iron replacement therapy for successful
treatment of iron deficiency.
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